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Abstract

The objective of this thesis was to assess whether human and nonhuman 

animals can learn about serial order by observation of a conspecific performing a 

task designed to assess sequence knowledge. With regard to human sequence 

learning, two questions were asked. The first, whether procedural knowledge of 

sequences, typically acquired following direct practice, can be gained following 

observation, the second, how such knowledge is represented and by which 

mechanisms. Using an adaptation of a serial reaction time task (Nissen & Bullemer 

1987) and a free generation task the implicit versus explicit knowledge distinction 

was examined. Evidence reported in this thesis suggests that humans are capable 

of observational sequence learning on an implicit task and sequence knowledge is 

stored in terms of a motor code. However, experiments suggest that observational 

sequence learning may be limited to situations where the sequences are unique in 

structure and where there are 16 exposures of the sequence per block of trials. 

There was no evidence for a dissociation in observer performance between 

measures designed to assess procedural and declarative knowledge and it was 

concluded that this was not an appropriate distinction to make when characterising 

observer performance on the SRT task.

The experiments with animals were pursued using a two lever method, and both 

free operant and fixed trial procedures. Under free operant conditions, there was no 

evidence of observational sequence learning following observer pretraining on 

individual sequence items or when pretraining was dispensed with. There was, 

however, evidence of learning individual sequence items in the form of recency 

effects. The fixed trial proceduf^, designed to enhance the salience of the 

demonstrated sequence, decrease the delay inherent in the free operant procedure 

between the observation and testing phases and to reduce the effects of olfactory 

cues, yielded no observational sequence learning. Under these conditions a 

primacy effect emerged. The fixed trial procedure is a significant innovation to social 

learning research and recommendations are made as to how this procedure can be 

improved.
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Preface

The ability to learn about and remember for later use sequences of actions or 

events forms an integral part of everyday human life. Consider a child's first attempt 

to tie a shoe lace or button up a jumper. Both of these complex actions, which we 

as adults take for granted and which become habitual, consist of a number of 

smaller manipulations. Only if these manipulations are executed in the correct order 

and with a certain level of dexterity will it result in the child achieving their goal. The 

problem that faces a child in its early years is in acquiring the knowledge that will 

allow him/her to attempt such a feat of manual dexterity and acquire the ability to 

remember how to do the task so that he/she gets it right each time.

The aim of this thesis is to examine the extent to which humans and animals can 

acquire sequence information through observation of a competently trained 

conspecific performing a task that requires sequence knowledge. It is clear that 

humans can learn about serial order following direct practice i.e. actual physical 

involvement in a task^. In contrast, there is little agreement as to whether 

observation, watching another human employed in carrying out a sequence learning 

task , could be viable in this case as a tool for learning about serial order. Nissen 

& Bullemer (1987) found that direct practice on a serial reaction time task resulted 

in the acquisition of knowledge about a sequence which they defined as procedural 

in nature. However, the question remains as to whether the same kind of knowledge 

can be acquired by watching a serial event occur. Other studies (Funke & Miller 

1988, Berry 1991) further identified an apparent dissociation between knowledge 

gained procedurally and declarative knowledge which appeared to be more open 

to conscious rerall^ ke. following observation. The debate surrounding this 

dissociation in tasK^rformance has produced equivocal findings. Therefore, this 

thesis will also examine the debate surrounding the formation of procedural and 

declarative knowledge and ask whether it is an appropriate distinction to make when 

characterising observer performance on a sequence learning task.
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The debate is not so clear-cut for animal sequence learning and the question is 

^ ^ t i ^ o r e  general. Here the questions asked will concentrate primarily on whether 

rats possess the ability to learn sequences of events or actions and more 

specifically whether they can learn about such information via observation of a 

conspecific. There is evidence which suggests that animals such as rats, pigeons 

and monkeys can appreciate serial order on an asocial level but the question 

remains as to whether information about sequences can be gained by watching the 

actions of a conspecific involved in a sequence learning task.
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Chapter 1 Human Sequence Learning

This chapter consists of an overview of experiments designed to assess the ability 

of humans to learn about sequences, and a review of experiments designed to 

investigate whether sequences can be learned following observation of another 

agent involved in a task. Section 1.1 reviews the extent to which humans learn 

about sequences following direct practice alone and makes the distinction between 

various types of sequences that exist, namely unique sequences, hybrid sequences 

and ambiguous sequences. Section 1.1.2 makes the distinction between procedural 

and declarative knowledge and introduces the possibility of a dissociation in 

performance between measures designed to assess sequence knowledge following 

observation and practice. Section 1.2 focuses on the evidence for and against 

observational sequence learning, and includes a review of experiments designed 

to evaluate the relative contributions of stimulus and response inputs and the 

extent to which these inputs might be integral for sequence learning. Section 1.2.2 

asks how these inputs might be coded and stored. Finally, section 1.3 reviews the 

current theoretical approaches to sequence learning in humans, with a view to 

evaluating the extent to which each approach can explain the current evidence for 

observational sequence learning in humans.

1.1 Human sequence learning through practice

1.1.1 What is iearned via direct practice

Research has identified many factors which may influence the way in which 

sequence knowledge is learned. The present discussion will focus on the role of 

sequence structure and attention because studies have shown that the nature of 

the sequence employed exerts some influence on the extent to which sequence 

knowledge is acquired. In addition, knowledge for particular sequences remains intact 

taet regardless of attentional distraction.
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Cohen, Ivry & Keele (1990) used a 'tapping task' devised by Nissen and Bullemer 

(1987). In the tapping task subjects were required to track a sequence of dot 

movements on a computer screen by pressing appropriate keys on a computer 

keyboard which matched the location of a dot on the screen. Sequence learning 

was measured by reaction time, so that if subjects learnt about the sequence of dot 

movements then one would expect reaction times to dot presentations to decrease 

over trials. As an additional measure, following a number of predetermined 

acquisition trials, a single block of trials was introduced in which dot locations were 

presented in random order. It was expected that if subjects had gained knowledge 

of serial order then the introduction of a random block of dot presentations would 

result in a concomitant increase in reaction time.

Cohen et al (1990) compared three types of sequence structure; unique, hybrid and 

ambiguous. Unique sequences are those for which each element within the 

sequence provides a unique marker for the next element in the sequence. 13425 

is an example of a unique sequence. Here a 1 is always followed by a 3, a 3 always 

followed by a 4 and so on, each element signalling the next. Ambiguous sequences 

e.g. 132312 on the other hand, are sequences where there are no unique 

associations between the elements. A 1 could signal a 3 or a 2, a 3 could signal 

a 2 or a 1. Finally, hybrid sequences form a mixture of unique and ambiguous 

pairwise associations. For example consider the hybrid sequence 123243. Here a 

1 on all occasions signals a 2, however a 2 could require a subject to press the key 

associated with 3 or a 4.

Reaction time to all three sequences decreased with practice and there was a 

reliable difference between sequence types in the extent of interference caused by 

the introduction of the random block of trials. For both the unique and hybrid 

sequence types the introduction of a random block of dot movements resulted in a 

reliable increase in reaction time by as much as 90 ms which was immediately 

corrected when the original sequence was reintroduced. Ambiguous sequence 

conditions however showed changes of only 20 ms from random presentation back
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to the original sequence which indicated that less learning had occurred.

These results implied that knowledge of a sequence which consists entirely of 

unique or partly unique pain/vise associations, i.e. hybrid sequences, is more readily 

disrupted by the introduction of a sequence which is determined randomly in 

comparison with a sequence which includes no unique pairings. This is probably 

due to the fact that all or some elements in the sequence provide unique signals 

for the following item. Ambiguous sequences which do not contain an inherent 

structure are more akin to a random presentation of dot locations and thus 

harder to learn. Unique or hybrid sequences also lend themselves to mnemonic 

strategies such as chunking. These sequences are more readily broken down into 

smaller sections, thus reducing memory load. This suggestion is consistent with 

performance under dual task conditions where the subject is required to count 

tones in addition to tracking the location of a dot on a screen. Under these 

conditions, performance on structured sequence^ i.e. those with unique or hybrid 

components, is not disrupted, while performance is impaired on ambiguous 

sequences. This finding, however, may depend upon the nature of the secondary 

task. Schmidtke & Heuer (1996) used an auditory go/no-go task which required 

subjects to respond to high pitched tones by pressing a foot pedal at the same time 

as they responded to sequence information. They found that knowledge for 

ambiguous sequences w a ^ s  affected as knowledge for unique sequences under 

these conditions contrary to findings where subjects had to merely count tones.

Cohen et al also used dual task conditions to investigate the degree to which the 

products of sequence learning are available to conscious awareness. In these 

experiments, subjects were given a "generate task" following the tapping task as 

an alternative test of sequence knowledge. In the generate task subjects were 

presented with an X in one of the many possible dot locations and asked to indicate 

the position of the next dot location, and the accuracy of this was taken to be a 

measure of awareness of sequence structure. Results showed that awareness of 

the three sequence types in terms of how accurately subjects could predict the
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position of the next dot location was similar to ratings made by subjects that had 

been exposed to a random array of dots. This implied little or nOyawareness of 

sequence structure. In contrast learning of the sequence was apparent on the 

implicit reaction time measure for both unique and hybrid sequences, highlighting 

a dissociation in performance between the two tasks. In simpler terms it appeared 

possible to learn implicitly about the inherent structure of the sequence of dot 

locations reflected by the interference caused to reaction time when novel 

information is introduced, however, this knowledge did not carry over when subjects 

were asked to explicitly judge the location of the next dot. The distinction between 

implicit and explicit knowledge of the structure of the sequence has been referred 

to as procedural knowledge and declarative knowledge respectively.

Further support for the idea of separable memory systems was found in studies 

carried out on Korsakoff patientSy^ho typically show impaired declarative memory 

and so exhibit a lack awareness of structured sequences. Nissen and Bullemer 

(1987) employed Korsakoff patients on the 'tapping task' and found that these 

individuals were able to learn the structured sequence under these conditions, 

exhibiting interference from the introduction; of a npvel block of trials at a similar ,

level to 'normal' subjects. Similarly^when scopolamine^was administered to healthy/"^ j

patients^performance was reduced on a measure of awareness but not on the 

sequence learning task (Nissen, Knopman & Schacter 1987).

1.1.2 Procedural versus Declarative Memory

In Cohen , Ivry and Keele's (1990) study and Nissen and Bullemer's (1987) study 

subjects were able to learn a sequence of dot movements under dual-task 

conditions as long as the sequence structure contained some unique pairings. They 

demonstrated that even under conditions designed to provide distraction, sequence 

learning was left unaffected. However subjects that had indicated knowledge of the 

sequence on the implicit reaction time measure performed at the same level as a 

group that had been presented with a random presentation of dot movements on a
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measure of awareness. This was interpreted as indicating that sujDjects can learn 

a sequence without sequence knowledge becoming explicit,i.^. available to 

conscious awareness.

The hypothesis that there are two separable memory systems, one responsible for 

sequence or rule based knowledge gained without conscious recollection of prior 

experience, and the other being responsible for sequence knowledge which is 

available for verbal recall and so accessible at a conscious level, has attracted 

considerable research interest. In addition to the tapping task, the hypothesis has 

been investigated using artificial grammars of the kind first used by Reber (1967). 

Reber's studies further highlighted the distinction between knowledge that is 

acquired implicitly and knowledge that is available to conscious recall.

In his early experiments, Reber presented subjects with examples of letter strings 

e.g. TSSXS or PXVPS and asked them to memorise as many as they could. 

Subjects were divided into two groups. The first group were provided with a list of 

letter strings that conformed to a rule based finite-state grammai) e.g. TSSXS, 

whereas the second group were presented with a list of letter strings which did not 

conform to any rule at all , their stimuli was generated randomly by computer e.g. 

PXVPS. The finite-state grammar was generated according to a set of rules 

producing 43 letter strings of specified lengths. The letter strings used in Reber's 

study were selected so that examples of all structural regularities of the grammar 

were present; for all lengths, permissable initial letters, permissable terminal letters, 

loops or recursions. Subjects at this stage of the study were not informed about the 

existence of the grammar.

Following the study, in which subjects attempted to memorise the lists of letter 

strings, they were required to complete an unexpected classification task. All 

subjects, regardless of group assignment, were informed that an artificial grammar 

had been used to generate the stimuli and were provided with a list of exemplars, 

half of which they were told conformed to the rules of the grammar and half of which
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did not. They were then asked to classify the strings into two groups, those which 

conformed to the grammar and those which did not. The results showed that 

subjects given grammatical strings to memorize in phase 1 showed superior recall^ 

in comparison with those given random letter strings, and were better able to 

classify the strings. However, when asked if they could verbalise the rules of the 

grammar all subjects failed to do so.

This basic finding was replicated in several subsequent experiments carried out by 

Reber 1976, Reber & Lewis 1977, Reber & Allen 1978. More recently, Reber, 

Knowlton & Squire (1996) suggested that knowledge acquired procedurally differs 

substantially in the way it can be accessed and utilised in comparison with 

knowledge that is acquired declaratively. In a study which compared amnesiacs, 

known to have impaired declarative memory, with normal controls,^amnesiacs were 

found to perform similarly to control subjects on a measure which reflected 

procedural knowledge . However, when tested on a measure designed to assess 

the flexibility of task knowledge where the nature of the questions asked differed 

from those experienced during training, amnesiacs failed to perform well. These 

findings suggested that declarative memory may have different operating 

characteristics than memory for procedural knowledge.

However, there are opponents to this argument. Jacoby (1991) has challenged the 

view that there are distinct procedural and declarative memory systems, arguing 

thatj

'...results taken as evidence of unconscious influences (and the like) 

may have arisen due to the conscious use of memory undetected by 

the experimenter. One cannot be sure that subjects were unaware of 

supposedly subliminal stimuli.' (pp.515).

Thus, Jacoby argues that we cannot assume factor-purity, a one-to-one mapping 

between the tests we employ and the processes we infer. Conscious forms of

18



processing may contaminate tasks devised to measure unconscious processes and 

vice versa.

Perruchet and Amorim (1992) also argued against assuming two separable memory 

systems and criticised the adequacy of the measures employed in previous studies 

for evaluating procedural and declarative memory. A major difference between the 

Perruchet and Amorim study and previous experiments using the tapping task was 

that they included the free generation task in place of the generate task as a 

measure of explicit knowledge. In line with Jacoby (1991) they argued that the 

'generate' task, which required subjects to indicate the position of the next dot 

location given the previous two locations, was subject to contamination and could 

not be described as factor-pure. Generate task results could be said to be a result 

of 'in task learning' as the task would not allow subjects to move onto the next dot 

location judgment until they had made a correct response on their current 

judgement. Sequence learning could have occurred through trial-by-trial correction. 

Perruchet and Amorim employed the free-generation task as an alternative measure 

of explicit or declarative knowledge arguing that it provided a more accurate 

measure of explicit knowledge of the sequence. In the free generation task, subjects 

were presented with the four possible dot locations on the computer screen and 

required to attempt a replication of the sequence they had practised during the 

learning phase of the reaction time task using the appropriate keys on the computer 

keyboard. This procedure excludes the possibility of in task learning.

Perruchet and Amorim assessed free generation task performance by analysing the 

number of correctly replicated three item sequences. Subjects in the structured 

sequence group reliably produced a greater number of correct 3 item sequences 

than those that had been exposed to randomly generated sequences of dot 

locations. Consider the 3 item sequence D-C-B. The structured sequence group 

produced in total 70 such replications whereas the random group produced only 25. 

When comparing group performance on sequences of greater than three items, the 

structured sequence group continued to generate reliably more components of the
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original sequence when compared to the random group. Most strikingly a large 

proportion of subjects trained under structured sequence conditions managed to 

reproduce the entire sequence whereas under random conditions none of the 

subjects produced the entire sequence.

Perruchet and Amorim found a close correspondence between participants'^ 

conscious knowledge of the sequence, as indexed by the free generation task and 

changes in RT in the learning phase of the tapping task. At an early stage in 

sequence acquisition (two blocks of trials); when RT performance remained 

unchanged, evidence of declarative sequence knowledge was evident on the free 

generation task . However, analysis which focused on serial position, i.e. 

comparing the mean RTs to a given dot location with the number of correctly 

generated components of the sequence which ended in that serial position, 

highlighted striking similarities between thatime taken to respond with a keypress 

to a particular dot location and subjects^^bility to generate components of the 

sequence which terminated at that dot location. In other words, if a subject made a 

fast key response to the terminal element B in serial position 3 they showed similar 

bias on the free generation task, producing a greater number of 3 item sequences 

from the original sequence which terminated in B. Nissen and Bullemer (1987) had 

previously argued that RT change precedes explicit knowledge. These findings not 

only disconfirmed this but added to a growing body of evidence which challenged 

the independence of conscious and unconscious processing. In addition to 

suggesting ariose  parallelism between changes in RT and explicit knowledge of 

the sequenfc^Pjsrruchet and Amorim found that explicit knowledge as measured by 

the free generation task was evident under both single and dual task conditions for 

sequences which contained unique and ambiguous pairwise associations. More 

importantly, when looking at learning of serial position within a sequence, findings 

showed that parts of the sequence which were more readily learned and so 

produced low RT's during execution were also better recalled and recognised on 

alternative measures of declarative knowledge.

20



1.2 Human sequence learning and observation

The following section aims to provide a review of observation learning literature to 

date, paying specific attention to whether it is possible to learn sequences of actions 

or events via observation alone, without practice. More specifically, does exposure 

to another person executing a sequence of actions result in sequence knowledge 

of the same kind as follows direct practice and via the same processes as exposure 

to a sequence of events in the absence of action observation? Does observation 

alone give rise to a different kind of knowledge?

1.2.1 What is learned via observation

In a study by Funke & Muller (1988), observers and practice subjects were 

compared on a system known as SINUS and found that observation facilitated 

learning to a much lesser extent than practice when observers were subsequently 

required to try to control the system themselves during testing. In the first phase of 

this study, subjects either watched another individual controlling the task or were 

required to control the task themselves. During the test phase, all subjects were 

assessed on their ability to control the task and achieve task goals. Results showed 

that observers were significantly worse at controlling the task than subjects who had 

been involved in direct practice with SINUS. However, observers showed superior 

performance when asked to construct a causal model of the task, showing expert 

knowledge of the causal relations between task variables and routes to correct 

performance.

The finding that observer subjects in Funke & Muller's (1988) study were able to 

provide a detailed account of the internal rules of the task, which contrasted with 

their inadequate performance when controlling the task themselves, could be 

argued to be analogous to the explicit/implicit distinction discussed in detail in 

section 1.1 and highlighted in experiments carried out by Cohen et al (1990), Reber 

& Allen (1978) and Nissen and Bullemer (1987). For subjects who were allowed to
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control SINUS themselves during the learning phase, subsequent testing of their 

knowledge of the rules of the task may have reflected knowledge gained implicitly. 

This finding is similar to those subjects in the Cohen et al study who showed a large 

amount of interference caused to RT's due to the introduction of novel sequence 

information following the memory phase of the 'tapping task. In Funke & Muller's 

study this might explain why practice subjects, having gained procedural 

knowledge of the task , were unable to state explicitly the rules when asked to do 

so. In contrast, observer subject performance in the Funke & Muller study could be 

argued to reflect explicit knowledge of the rules of the task. Subjects watched 

another individual engaged in the task of controlling SINUS and so were forced to 

search explicitly for the rules which, in turn, may have accounted for their superior 

performance when asked to state what the rules were. Here, their expert knowledge 

of the causal relations between task variables could be argued to be analogous to 

free generation task results in previous studies.

Berry (1991) also compared the task-control performance of subjects that had 

practised controlling a task with those who had observed someone else controlling 

the task. She used a computerised task, which has subsequently become known as 

the sugar production task, in which subjects are required to maintain a specified 

level of production by manipulating a variety of work force variables e.g. worker 

input. Level of production was related to the work force variables by the rule, P = 

(2 X W - PI) + R, where P = current sugar output, PI = preceding trial sugar output, 

W = size of the workforce, R = +1000, 0 or -1000 tons, at random.

Berry's original study, compared a group of subjects who watched performance on 

the sugar production task with a group of subjects that had the opportunity to 

interact directly with the task. Berry found no effect of observation. That is, on a task 

known to give rise to implicit learning, subjects who had watched a demonstrator 

involved in the task were subsequently found to be unable to control the task 

themselves. This result may lead us to believe that observer subjects were unable 

to control the task because observation does not give rise to procedural or implicit
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knowledge, although findings from a later study suggested that the nature of the 

rule underlying the task may account for observer performance on the sugar 

production task.

In a second study; Berry (1991) compared a group of subjects who observed a 

person generated by the computer interacting with the sugar production task in 

which the underlying rule was changed so as to be considered salient. A second 

group of subjects observed the computer interaction with the task under a non

salient rule. In order to make the original algorithm, described above, salient or non 

salient, Berry included the conditions p=S-2 and p=S1-2 respectively. This meant 

that for the salient condition controller's behaviour was directly related to the 

computers immediately preceding response, whereas for the non-salient condition, 

controller's behaviour was related to, not the immediately preceding response, but 

the one prior to that. Comparison of the two groups suggested that learning by 

observation may be limited to situations where the underlying rule is salient and not 

non-salient as suggested by Berry's first study. This finding was further supported 

by data emanating from post-task questionnaires of awareness which showed that 

observers who had seen the salient rule showed significantly greater knowledge 

of the task than observers that had seen a non-salient rule.

These two studies suggest that observers are unable to control output on the sugar 

production task when the rule is non-salient or the task is one which gives rise to 

implicit knowledge. Whilst on a salient task where the rules of the task are more 

apparent or could be considered to be more obvious, learning can occur. In 

addition, a measure of awareness implied that observers in the salient condition 

were more able to state the rules of the task.

Observer ability to control the task under salient conditions may appear to contrast 

sharply with studies which suggest a dissociation between measures of implicit 

knowledge and those purported to assess explicit knowledge. In Berry's experiment, 

observers did learn to control the sugar production task in the second study.
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However due to problems surrounding what is truly meant by the term salience, 

coupled with the possibility that by making the rule more obvious to observers this 

resulted in task demands becoming more explicit, it is impossible to state that 

Berry's findings suggest a dissociation^does not exist. In a third experiment, which 

investigated directly whether action was integral to learning to control the sugar 

production system. Berry found that observers who instructed another person to 

type in the decisions they made during the learning phase of the task performed 

badly when later controlling the task themselves compared with a second group who 

observed the task during the learning phase but were able to type in their own 

decisions. For this second group, participants were able to control the task at a 

significantly higher level implying that having direct interaction with the task is 

integral to control performance and that observation alone is not sufficient to assure 

success.

Kelly & Burton (in press) found no evidence of observational sequence learning 

in an experiment which utilised the serial reaction time task. In Experiment 1 (Kelly 

& Burton, in press) the response group was trained on sequence 42313214321^ 

X\/oxes 1-4 were arranged on the computer screen in a 2 x 2 matri^^whilst observers 

watched members of the response group involved in the task. After training (270 

sequence repetitions) the response group were given an alternative sequence 

421324312413 for one block of trials in order to test their knowledge of the original 

training sequence. Following observation of the sequence, observers responded for 

two blocks of trials the second block containing the alternative sequence 

421324312413. Results revealed that the introduction of the alternative sequence 

caused a significant elevation in RT for the response group but not for the 

observation group suggesting that observers had not learned the training sequence 

whilst the response group who had practised the sequence during training had 

learned the sequence. However, a lack of a reliable increase in RT during testing 

on the part of observers could have been due to their lack of familiarity with general 

task demands and not due to their lack of sequence knowledge. This possibility, 

however, can only be assessed directly with the inclusion of a control group who
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neither responds or observes during the training phase. Kelly & Burton did not
trvon

include such a group. Although observers were found to respond 75ms faster that 

the response group during their first block responding to the training sequence 

which suggests that some observational learning had occurred these data do not 

provide a clear indication of whether observation is sufficient for sequence learning.

On the basis of the evidence outlined above, it is not clear whether observational 

sequence learning is possible when the sequence to be learned is not a salient one, 

and the measure on which learning is assessed is indirect. However, given the 

appropriate contrpls^i.e. non-exposure, this may provide a clearer indication of any 

differential learning that may occur following observation.

1.2.2 Perceptual versus Response learning

Funke & Muller's (1988) study, and Berry's (1991) study raised some important 

questions regarding the ability of individuals to learn by observation alone. In the 

Funke & Muller study, observers showed poor performance on a task which aimed 

to assess implicit or procedural knowledge of the rules of the task, but performed 

well on a task which aimed to assess explicit or declarative knowledge. In Berry's 

(1991) study, observers were able to control the task on a measure of procedural 

knowledge but only when the rules were made more salient. If the rule was non

salient observation did not facilitate learning. More importantly follow-up studies

implied that action /  actually participating in the task via key pressing/ may be 

integral to good performance on the task.

One of the most fundamental questions to arise from this debate relates to whether 

motor responses are integral to serial learning (response learning) or whether 

stimulus information is sufficient to allow sequence learning (stimulus learning). It 

is possible that observers may learn about responses and stimuli under 

observational conditions but how this information is coded and stored is of 

particular importance. Learning about stimulus inputs may be stored in terms of a

,\
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motor and/or a perceptual code and learning about responses may be stored 

perceptually and/or motorically. On the whole evidence for the predominance of 

perceptual over motor processing or vice versa following stimulus or response 

learning is mixed. Some studies have suggested that perceptual and motor 

knowledge of serial order develops independently (Howard 1992, Fendrich et al 

1991, Stadler 1989), whilst others propose that both processes are inextricably 

linked (Willingham et al 1989).

Stadler (1989) found evidence for independent perceptual processing using a 

transfer task. Subjects were required to search for a target in one of four quadrants 

which were displayed on a computer screen. The position of the target adhered to 

a particular rule (see Lewicki et al 1987 for precise details). In phase 1 the target 

was displayed on its own and subjects had to respond by a keypress to its position. 

However, in phase 2 of training, the target was embedded in distracter items so that 

at a later stage in the study oubjoet's awareness of the rule could be assessed. In 

order to assess whether subjects were storing information about the rules of the 

task motorically following keypressipg(i.e. learning about responses and coding 

them in terms of a motor code, in contr^sffo coding sequence^information in terms 

of a perceptual code following learning about response inputs^ Stadler introduced 

two transfer tasks. In both tasks the basic rule underlying tne^equence of target 

locations remained the same. However, in one transfer task, the position transfer 

task, the target position was moved into the opposite corner of the quadrant during 

testing. If subjects were learning about response inputs and then storing sequence 

information in terms of the perceptual characteristics of the task then one would 

expect poor transfer when the position of the target within a quadrant is altered. In 

the second transfer task the responses made to the target were altered. During 

training subjects used their right index finger to respond to the target in the top left 

and bottom left quadrants, and their right middle finger to respond to the target in 

the top right and bottom right quadrants. On test, targets appearing in the top and 

bottom left quadrants were responded to using the left middle and left index finger 

respectively and targets appearing in the top and bottom right quadrants were
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responded to using the right middle and right index fingers respectively. If 

responding with your fingers is integral to learning the rule underlying the task and 

that is accompanied by storing response information on the basis of a motor code 

then any change to the fingers used to carry out the task should result in disruption 

to reaction times.

Stadler (1989) found that reaction time to the target was severely disrupted when 

the position of the target within the quadrant was altered between the training phase 

and testing, and that changes to the way in which subjects responded via the 

keyboard had a minimal effect on RT. This result implied that although subjects 

gained some information via keypressing (response learning), knowledge of the 

rules of the task were predominantly stored via perceptual processes.

In a similar vein, Howard et al (1992) obtained similar results using the tapping task 

(Nissen & Bullemer 1987). The task consisted of subjects pressing one of four keys 

to the location of an asterisk which appeared on a computer screen. The position 

of the asterisk was governed by a sequence BCACDCDBADADACAD which was 

repeated over 7 blocks (1-4 & 6-8, 10 times within each). The sequence in block 

5, however, was entirely random. As is usual for this task, it was anticipated that if 

anything was being learned about the sequence during blocks 1 to 4, the 

introduction of a random block would result in an increase in RT. Subjects were 

required either to practice the sequence via keypressing or merely watch where the 

asterisk was located without making contact with the keyboard. For practice and 

observation groups, RT increased significantly during block 5. This result implied 

that both observing and participating in the task can produce equivalent knowledge 

about the sequence involved in addition to being consistent with the idea that 

perceptual processes can develop independently.

Zeissler (1998), on the other hand; found that information about responses may be 

integral to implicit serial learning. Using a visual search task, subjects learned to 

associate the location of predetermined target letters with particular keyboard
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responses thus setting up a motor program. Subjects were required to search for 

the target letters which were embedded in a matrix of non target letters. Although 

the order of presentation of target letters was entirely random, the location of the 

target letter within the matrix was systematically predetermined by the location of 

the previous target letter. Therefore, subjects learned a sequence of responses 

which corresponded to the location of the target letter on the computer screen. Two 

measures of sequence knowledge were taken; the first introduced a random block 

of target locations in order to assess the extent to which subjects were able to 

anticipate the location of the next response, the second measure made changes to 

the location of the target letters in an attempt to disrupt any motor program which 

had been established during training. RTs were found to increase significantly 

following the introduction of a random block of trials implying that subjects had 

learned about the relationship between the responses made to the target letters and 

their particular location. In addition, when the location of target letters was altered 

in an attempt to disrupt any motor program that had emerged during training, RT's 

increased to a level well above baseline. This result implied that disrupting a well 

established motor program had a severe effect on subjects ability to perform well 

on this task providing evidence that subjects learned about responses, that the 

response information was stored motorically and may be integral to implicit serial 

learning.

In contrast, Willingham et al (1989) argued against independent perceptual 

processing. Here, subjects carried out a 4 choice RT task to colour stimuli under 

one of three conditions. In the perceptual condition stimuli were presented which 

adhered to a predetermined sequence of locations although the colour of the 

stimuli was randomly determined. In the motor condition stimuli were presented 

according to a colour sequence with the location of the stimuli determined randomly, 

and in a control condition both colour and location of stimuli were randomly 

determined. Due to the fact that all subjects were required to respond to the colour 

of the stimuli only during training, this meant that for subjects in the perceptual 

condition there was no possibility of a motor program being established but rather

28



possible perceptual learning of the sequence of stimulus locations. Motor condition 

subjects would have the opportunity to learn a motor program and the control 

condition subjects would learn neither about motor responses or about perceptual 

information. After a number of training traite subjects took part in a transfer task 

where they had to respond to the location of the stimuli and not the colour.

Willingham et al (1989) found that subjects in the perceptual condition/showed no 

learning of stimulus location; their RTs were equivalent across all stages of training. 

Subjects in the motor condition however, showed a significant decrease in RTs over 

trials, implying knowledge of the sequential presentation of colours. Willingham et 

al concluded from these data that learning had taken place through the motor 

response rather than stimulus learning. Turning to the transfer data, Willingham et 

al found that neither group showed any effect of transfer. Willingham et al had 

proposed that if motor processes were entirely responsible for learning then 

subjects in the motor condition group would show good transfer because the same 

motor sequence was employed, although location rather than colour was important. 

Why was this not the case? They argued that the transfer data implied that both 

perceptual and motor processes are utilised simultaneously. During initial training, 

motor responses were matched with colour stimuli and so provided a colour context 

for responding. During transfer, however, colour became irrelevant and location 

important, thus providing a new context for responding. Willingham et al argued that 

once 'production rules' are formed they do not readily transfer to other tasks.

The evidence supporting the idea of independent motor and perceptual processing 

systems versus the idea that both motor and perceptual processing occur 

simultaneously is equivocal. However, the Willingham et al (1989) study has not 

been without criticism. Their study could be argued to be analogous to the one 

employed by Cohen et al (1990) i.e. under dual task conditions, where learning took 

place simultaneously alongside a tone counting task. Cohen et al (1990) found that 

particular sequences, those considered to be ambiguous in structure, may be 

difficult to learn under dual task conditions. The stimuli employed in the Willingham
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et al study could be said to conform to an ambiguous sequence structure and so it

is possible that subjects in the perceptual condition failed to show learning of the

location of the stimuli in phase 1 of the study on that basis. Similarly, the Willingham
I 5

study presented subjects with two stimulus condition^ colour and location, thus 

giving rise to the possibility that attentional resources may have been divided 

between them. Due to this, it is possible that the specific attentional demands of the 

task resulted in no evidence in favour of independent processing.

More recently, Mayr (1996) suggested that the nature of the stimuli employed in the 

Willingham et al (1989) study was inappropriate to maximise conditions under which 

independent perceptual learning might occur. He argued that it is necessary to 

ensure that target stimuli are sufficiently distinct in terms of their spatial location to 

ensure extensive orienting. In Willingham's study, stimuli were located in close 

proximity and of such a distinctive colour that extensive orienting was not achieved. 

In response to these criticisms, Mayr (1996) altered Willingham et al's (1989) stimuli 

so that valid spatial expectations could be made and replaced the colour stimuli 

used in the original study with an object discrimination task. Following transfer, data 

revealed evidence of pure spatial learning independency from any motor output.

1.3 Models of memory for serial order

Previous sections have discussed the extent to which humans can learn about 

sequences both via direct practice and by observation, they have introduced the 

possibility of different types of knowledge arising from sequence learning following 

practice and that which follows observation and introduced the debate surrounding 

the procedural/declarative distinction and the notion that action may be integral to 

good performance on serial learning tasks. A further question about sequence 

learning concerns /70w humans learn about sequences and serial order. Most of the 

research detailed in previous sections has concentrated on what can be learned 

and whether learning via observation gives rise to the same process of learning as 

that which takes place following practice, equally as important is how sena\ order
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is represented in memory. What follows will be an overview of the various models 

of memory for serial order.

Prior to assessing the relative merits of the various models of sequence learning it 

would be useful to provide a summary of the necessary prerequisites of memory for 

serial order. Consider the sequence A B 0  D. In order to learn about this particular 

sequence, it is first necessary that some kind of representation of each separate 

item in the list is formed and encoded accurately. In the case of Nissen & Bullemer's 

(1987) tapping task, where subjects are required to track the location of a dot which 

could appear in one of four possible locations, position A in the sequence may be 

encoded as 'far left', position B as 'middle left', position 0  as 'middle right' and so 

on. Second, once individual representations of each item are formed there should 

be in place some kind of process which encodes the relative position of each item 

within the sequence. The ability to order items correctly is an integral part of 

ensuring quality of performance upon retrieval.

Once each individual item has been encoded and the relationship between items 

has been established then it is necessary that a memory system has the ability to 

hold that information i.e. has the capacity to store the necessary information about 

the sequence being learned so that accurate recall can be achieved. Finally, once 

sequence information is stored there needs to be in place some process by which 

it can be retrieved. Referring once again to Nissen and Bullemer's 'tapping task'. If 

a subject is required to take part in the free generation task, following phase 1 

(acquisition phase), where he/she is asked to replicate the sequence they have just 

practised then it is necessary that the memory system has the ability to reactivate 

the information it has stored about individual items and the relations between them. 

More specifically, it is necessary that inherent in the system is some sort of 

mechanism which places the stimuli in the correct order signalling the beginning of 

the sequence to be remembered, the middle of the sequence and the end of the 

sequence.
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All of the models of memory for serial order are based on these basic assumptions 

they differ only in the way in which they define the actual units of storage. The way 

in which these assumptions are represented between the differing architectures is 

not an issue here. This section will concern itself with the way in which the various 

models represent sequence information in memory and more importantly how each 

model suggests that the relations between items in a sequence are formed.

1.3.1 How associations are formed

The most successful models of sequence learning, those which claim to be able 

to account for the majority of the data on sequence learning, assume that memory 

for serial order is acquired via a mechanism which enables the formation of 

associations between representations of items in a list. These models are deemed 

associative in nature.

The formation of associations can occur in a variety of ways. The basic premise is 

that there are a number of units in memory which operate according to differing 

levels of activation. This activation may reflect information about items in a list e.g. 

the first and the terminal element in a list may result in higher activation levels. The 

connections between units is largely controlled by the strength of the activation. 

Thus the extent to which each unit interacts with another depends upon its own 

level of activation and the strength of any connection it may hold with another unit. 

When a sequence is being learned, each item enters at an input level. What follows 

is the formation and activation of the various representative units within the network 

which in turn form connections with other units dependant upon the level of 

activation and the strength of associations between each item and other items. How 

each unit interacts with other units and how differing levels of activation are 

established and maintained within the model largely depends on the model itself. 

Models of memory for serial order fall into two distinct groups, chaining models 

(Pike 1984, Lewandowsky & Murdock 1989) and context/inhibition-based models 

(Burgess & Hitch 1992, Houghton 1994).
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1.3.2 Chaining models

Chaining models assume that associations are formed between pairs of items in 

a list in such a way that they form a chain of links between them. For example, the 

sequence A B 0  D, would be represented as A-B-G-D. The first element of the 

sequence, 'A', would be represented as the start of the list so when triggered would 

lead to the activation of the connection A-B. As soon as B' is activated this would 

trigger the link A-B to B-0 which in turn would trigger the connection between B and

0. This would carry on until the entire sequence had been recalled.

One obvious problem with this approach is that when an item is incorrectly recalled 

it becomes impossible to recall the rest of the sequence. Basic chaining models do 

not provide any mechanism for correction. A possible solution to this problem has 

been suggested by Lewandowsky & Murdock (1989). If the model allowed 

approximations of an item to be utilised as a cue for the next item then if a 

representation of B were lost or incorrectly encoded the approximation of B could 

lead to the next item 0  even if B were never recalled. More complex chaining 

models have included what is known as backpropogation learning to overcome such 

difficulties. Backpropogation is useful in that it allows backward links to be formed 

between input and output units. These links allow the network to update regularly 

so that information stored in the input units regarding the relationship between one 

unit and other units in the network is further strengthened. Consequently if an error 

occurs during recall, backpropogation allows the network to "backtrack" and correct 

itself.

A further problem for chaining models is that there appears to be no mechanism for 

identifying the beginning of the sequence 'A' as, according to this approach, the 

probability of each item in the sequence being correctly recalled is identical. This 

premise does not account for phenomena such as the 'recency effect' where the 

terminal item is recalled better than any other. Neither does it account for the fact 

that particular sequence structures i.e. unique and hybrid are learned more rapidly
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than those that are considered to have an ambiguous structure (Cohen et al 1990). 

According to a chaining model all sequence structures should be encoded on an 

equal basis. A further problem for chaining models is that they predict that similar 

items in a list are likely to be incorrectly recalled due to the fact that their retrieval 

cues may be similar if not identical. This does , however, lend support to findings 

which show differences in the ability to process unique vs ambiguous sequences 

in the sequence learning literature. Ambiguous sequences typically contain no 

unique markers to aid learning. An example of an ambiguous sequence is 132312. 

The retrieval cue for 1-3 would possibly be similar to the retrieval cue for 1-2 and 

so, according to the chaining approach, would lead to mistakes upon recall.

1.3.3 Inhibition models

A second category of model used to explain sequence learning is that which 

incorporates context or alternatively some kind of inhibitory mechanism. Inhibitory 

mechanisms have recently been viewed as integral to any explanation of memory 

for serial order and so will be mentioned in greater detail here. The basic premise 

is that inhibitory mechanisms allow us to pinpoint the exact location of an item within 

a sequence, know the position of that item within any given list and then 

reconstruct items in the correct order.

Houghton (1990) proposed a "competitive queuing" approach. Here items with 

differing levels of activation (dependant upon their position within the sequence) 

compete with each other in order to gain access to output units. The item with the 

highest level of activation, typically one at the start of the sequence, will eventually 

win the competition. Recall of the winning sequence item occurs via the output units 

and then is inhibited so that competition for the next sequence item can begin. In 

this way items queue for first place, one behind the other resulting in a correctly 

ordered sequence of items which is available for recall. It could be argued that 

Houghton's model can not truly be classified as associative in nature as it 

concentrates on the competition between items in a sequence rather than any

34



associations between them. This aside, the competitive queuing model poses 

difficulties for stimuli which contain repeated items. Consider the sequence A(i) 

A(ii) B C D ,  here the first item A(i) would have the highest level of activation and 

so would be the first to be sent to the output units for recall. Problems arise, 

however, when attempting to recall the second item A(ii). Due to the fact that both 

the first and second items are identical it is possible that any inhibition which has 

occurred following recall of the first item A(i) may in turn inhibit recall of the second 

item A(ii), especially if recovery from inhibition is slow. Difficulties in recalling 

identical items is well reported in the literature on characteristic errors in spelling 

(Brown 1997). This problem does not, however, account for free generation data 

where subjects are required to replicate a sequence many times to complete the 

task. There is no evidence that as the number of replications increases so the 

number of correctly generated triplets subsequently decreases. This criticism of the 

model could be overcome if recovery from inhibition was speedy and quick.

Data which support an inhibition model of serial memory and accommodate the 

problem of repeated items is that which refers to poor learning of ambiguous 

sequences. Ambiguous sequences tend , by nature, to have many repeated items 

and so, according to this approach, mistakes may tend to occur around these items 

leading to poor learning (Cohen et al 1990).

1.4 Summary

It is not clear from the studies reviewed at the beginning of this chapter whether 

sequence learning is possible following observation in an incidental learning context 

especially where the sequence to be learned is non-salient, and where the measure 

employed to assess sequence knowledge is indirect. Of the experiments reviewed 

which were designed to investigate observational sequence learning, some reported 

no evidence of sequence learning under these conditions (Berry 1991, Kelly & 

Burton, in press) and only one (Howard et al., 1992) found equivalent amounts of 

observational learning as occurred following actual practice. The contrast in findings
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was argued to have been as a result of the type of RT task employed between 

studies and in their use of control groups. In contrast Kelly & Burton (in press) 

employed a task similar to the one employed Howard et al. (1992) and therefore 

differences in the results between these two studies are of greater interest. One 

possible reason for the lack of an observation effect in the Kelly & Burton (in press) 

study, different from the presence of observational learning in the Howard et al. 

(1992) study, was that their sequences were balanced as much as possible for 

transition and location frequency and so any interference caused to RT on test 

could not have been due to a greater familiarity for some sequence items as might 

have been the case in the Howard et al. (1992) study. More importantly, evidence 

of observational learning might have been more apparent if Kelly & Burton (in press) 

had employed a non exposed control group who had no opportunity to perform or 

observe the sequence to be learned during training.

To this end. The experiments in chapters 3-5 are designed to investigate 

observational sequence learning, the procedural vs declarative distinction and the 

nature of the process of storing ancTcoding knowledge under observational 

conditions on an adaptation of the SRT task employed by Nissen & Bullemer 

(1987). To obviate the criticism levelled against Kelly & Burton (in press) 

experiments will include a non exposed control group in order to provide a clearer 

baseline against which to observe the effects of observation.
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Chsptsr 2 Animal sequence learning

The following sections will provide a critical review of studies which look at the 

ability of animals to learn sequences of actions or events. Chapter 1 asked, can 

humans learn about serial order following observation of another agent in the same 

manner as occurs following direct practice and how this learning takes place i.e. via 

the process of motor or perceptual learning. Here, chapter 2 asks a more general 

question; are animals capable of performing a sequence of actions or events and 

can this learning extend to learning by observation. There is ample evidence that 

a number of species are capable of learning sequences of events or behaviour 

asocially e.g. lever presses, the order of food reward in a maze indexed by speed 

of running. However, there is little evidence that this kind of information can be 

learned under observational conditions in a purely social setting. Observational 

learning is typically viewed as unique to humans and although there have been 

many attempts to investigate this type of learning in animals, studies have produced 

equivocal results.

What follows is an overview of the experiments carried out to date which are 

designed to assess the ability of animals to learn about serial order via observation 

of another agent. Section 2.1 examines current evidence for observational learning 

of a single response and makes the distinction between stimulus and response 

learning by observation. It also introduces the two action test, unique in its ability 

to distinguish between the two types of learning. This will be followed, in section 

2.1.2, by a review of the evidence for observational sequence learning in animals. 

Section 2.2 discusses theoretical approaches to animal sequence learning in 

general, namely rule learning and associative learning, with a view to evaluating the 

extent to which each approach can explain current evidence of observational 

sequence learning in animals to date.
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2.1 Stimulus and Response Learning by observation.

Within the field of animal social learning, researchers have looked for evidence of 

an animals' ability to learn about the environment directly from interaction with a 

member of its own species or a conspecific. For humans the ability to gain useful 

information about objects, goals, actions by observation of another person is 

assumed. The ability to utilise social and observational cues to their advantage 

enables humans to acquire new skills. Whether animals can utilise this kind of 

information to direct their own behaviour is a question still under debate.

Research on social learning in animals has identified two categories of learning 

which can occur following observation of a conspecific involved in a task; stimulus 

learning and response learning. Stimulus learning refers to the benefit gained 

following observation of a conspecific which serves to make objects or stimuli within 

the environment more salient thus encouraging or discouraging subsequent 

observer interaction with those stimuli or serves to establish a connection between 

a stimulus and reinforcement for example. An example of stimulus learning is 

stimulus enhancement which refers to "a change in stimulus conditions, the 

enhancement of the particular limited aspect of the total stimulus situation to which 

the response is made" (Spence 1937, p 821) which occurs via observation of a 

conspecific coming into contact with that stimulus. Response learning, on the other 

hand, is more commonly associated with learning by imitation (Heyes 1993), and 

refers to the ability of an animal to learn about actions, responses and patterns of 

actions and responses as a direct result of conspecific observation. Evidence of 

response learning as opposed to stimulus learning is defined in terms of the extent 

to which observer action is found to match conspecific action. If an observer 

responds in a manner identical, and topographically similar, to the method of 

responding employed by a demonstrator animal then this would be deemed to be 

evidence of response learning.

It is not necessary here to delve into the intricacies and debate which surround the
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different types of social learning that exist. However, it would be useful to provide 

a brief overview of the extent to which animals can learn when using observation 

as a cue for learning. In this thesis I am partly interested in the type of learning 

which results, whether that be stimulus or response learning, however the emphasis 

will be on whether animals are able to learn about the relationships between stimuli, 

particularly sequential stimuli, through observation alone.

2.1.1 What can animals learn via observation alone?

McQuoid and Galef (1992) trained demonstrator birds to eat out of one of four bowls 

placed in an enclosure. Once they were confident that demonstrator animals would 

consistently eat from a particular bowl they allowed a second group of naïve birds 

to watch demonstrator feeding from outside the enclosure. To examine whether 

demonstrator preference for a particular food bowl would influence the feeding 

behaviour of observers, observer birds were then allowed to explore the enclosure 

for themselves. Observer birds showed a definite preference for the bowl from 

which the demonstrator birds had eaten. McQuoid and Galef suggested that by 

watching the demonstrator interact within the environment of the enclosure 

observers learned something about the place from which it was best to eat and had 

gained information about the most appropriate object to eat from i.e. the food bowl.

There have been many studies which have shown that learning may be enhanced 

if an animal watches a conspecific carrying out a particular action or behaviour. 

Studies by Jacoby and Dawson (1969), Powell and Burns (1970) and Denny, Bell 

and Gloss (1983) found that the rate at which a rat picks up a bar-press response 

increases if observer animals are exposed to a trained bar-pressing rat, when 

compared with a group of rats who are left to learn to bar-press by trial and error. 

Although this appears to be evidence that rats can learn about demonstrator 

responses under observational conditions there are many studies which show that 

it is not always necessary for a conspecific to be present for learning by observation 

to occur. The following studies suggest that stimulus learning may be responsible
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for learning under these conditions.

Turner (1964) investigated social feeding in birds by constructing a mechanical hen 

which would peck at different coloured seeds on the ground. This artificial method 

was preferred because when live hens had been used demonstrator behaviour was 

so variable that Turner found it impossible to ensure accuracy of seed pecking. The 

mechanical hen was hand operated and made to look as near as possible like a 

real hen. Two groups of chicks were used. The first group were housed together 

and formed the 'social ' group and a second group of chicks were kept in social 

isolation and had no experience of other birds or indeed pecking behaviour. Turner 

argued that if social cues were an important factor controlling the feeding of birds 

then birds in the social group would be more likely to feed on items selected by 

another hen compared with a chick which had no experience of social relations. 

The chick and mechanical hen were separated by a wire mesh partition and the hen 

was placed close to the mesh so that the chick could approach within a few 

centimetres of the apparatus. Chicks were offered a choice of orange and green 

seeds to peck arranged alternately in a row along the edge of the partition. The 

chick was allowed to observe the mechanical hen pecking at either a green 

coloured seed or an orange coloured seed. For half of the test trails the mechanical 

hen pecked at seeds of one colour type and then switched to the other colour type 

for the remainder of the test trails. Results showed that chicks that had been housed 

in social groups were more likely to peck items in general within the testing 

enclosure than those chicks which had been reared in isolation. In addition the 

social group chicks were also found to approach the food source in a faster time , 

were more likely to peck at those seeds which were coloured orange or green 

compared with non coloured seeds and most importantly showed a preference for 

pecking the same colour type of seed as the mechanical hen.

It is important to note that this effect occurred in the absence of a trained 

conspecific. Although the study provides evidence that chicks reared in social 

groups are more likely to show a preference for the peckings of a mechanical hen,
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it is necessary to approach these results with caution. This kind of study cannot 

state conclusively that findings are as a direct result of social factors as artificial 

methods were used to elicit such behaviour and there is no suggestion that findings 

might be replicated with a live hen as a demonstrator. In addition it may be that 

chicks reared in social groups had acquired pecking behaviour from their 

companions which was not possible for those chicks reared in isolation. It can be 

argued , however, that learning by observation had occurred at some level as the 

'socially housed' chicks showed a preference for pecking seeds of the same colour 

type as the mechanical hen. However, it is not possible to state whether observers 

learned about demonstrator responding in particular or whether they learned 

specifically about the stimuli involved in the task. This kind of experiment stresses 

the importance of including demonstrator groups designed to assess whether 

learning can occur regardless of demonstrator behaviour and the necessity of 

including the means by which to distinguish between response and stimulus 

learning.

One commonly used method, a two action task, allows an observer to watch one 

of two manipulations carried out on an object, whether that be a combination of bar 

presses or alternative methods of manipulating an object. Then the observer is 

allowed to manipulate the object itself to see if it can replicate the particular method 

it has previously seen demonstrated. For example, Dawson and Foss (1965) trained 

birds to remove the lids from bottles by using either the beak or the feet. They then 

allowed observer birds to watch one or the other method of removing the lids. On 

test observer birds typically removed the lids in the same manner as the bird they 

had watched when allowed to manipulate the lids themselves i.e. either using their 

beak or feet. This method is unique in its ability to rule out various types of social 

learning e.g. stimulus enhancement (both techniques for opening the lids are 

directed at the same location in space) and is recognised as a standard procedure 

which allows researchers to distinguish more adequately between response and 

stimulus learning.
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2.1.2 Is there any evidence for sequence learning by observation?

It appears that it is possible for an animal to learn about stimuli or responses by 

observation as evidenced by the studies cited above. This thesis, however, is 

primarily concerned with the question; Can animals learn about the sequential 

ordering of stimuli by observation? Evidence of sequence learning by observation 

in animals is typically found amongst studies which aim to investigate imitation in 

animals.

In a natural setting, Byrne and Russon (1996) observed that the techniques used 

by mountain gorillas for foraging and preparing food involved complex sequences 

of manipulations in order to ensure that the food was safe to eat. Byrne and Russon 

argued that these feeding techniques, unique to particular regions and gorilla 

groups due to the differences in the type of vegetation between areas, could only 

have been passed on to other members of the group by a combination of trial and 

error learning and some form of learning by observation. To illustrate how this 

feeding process can be broken down into a sequence of manipulations before 

consumption consider the case of the nettle Laportea alatipes. In order to minimise 

the harmful effects of tiny stings which are found on the leaf and stem of the plant 

the sequence of manipulations is broken down as follows; (a) the nettle is pulled 

into range by both hands, (b) the base of the stem is gripped with one hand, (c) this 

is followed by the gorilla forming a cup shape with its free hand and, starting at the 

bottom of the nettle stem making a sweeping movement upwards to remove the 

leaves, (d) the leaf blades of the nettle are then grasped (e) the petioles are 

grasped with the other hand (f) both hands are rocked together to remove the 

petioles, (g) the remaining leaf blades are then folded into a sandwich so as to 

enclose the harmful stings and finally (h) the newly formed parcel is placed into the 

mouth without touching the lips. These complex manipulations are necessary to 

ensure that no stings come into contact with the gorillds mouth and each component 

of the procedure must be carried out meticulously and in the correct order to ensure 

success. That is not to say, however, that idiosyncrasies in the manual operation
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of this procedure do not exist between individual gorillas, some gorillas may have 

a preference for one hand over the other (Byrne & Byrne 1991) for example. The 

most important aspect of this approach is that it is essential that the manipulations 

are carried out in the correct order.

The problems associated with observations made in a natural setting as outlined 

by Byrne and Russon (1996) pose difficulties when making definite claims as to the 

type of learning which is responsible for the acquisition of this particular feeding 

behaviour as it is possible that the observed regional differences in food preparation 

could be attributed entirely to individual learning brought about by differing 

ecologies. Behaviour which Byrne and Russon argue to be imitative (response 

learning) can be equally explained in terms of other forms of social learning, such 

as emulation learning (Tomasello 1990). Emulation refers to an animal learning 

about the causal structure of a task by acquiring facts about entities and events 

within the environment, which lead to transformations and changes to the animals 

own behaviour directly as a result of the behaviour of another animal. An individual 

learns about the "affordances" of the environment which hitherto it would have been 

unlikely to have learned itself. It is entirely plausible that in the case of Byrne's 

gorillas, animals learned, via emulation, about the causal structure of the feeding 

process and not about the particular actions required to carry it out successfully. 

Using this knowledge of causal structure, individual success at eating the plant is 

more likely to be as a result of stimulus learning of sequence structure and a by

product of trail and error. To overcome the problems associated with distinguishing 

between the various forms of social learning, experiments which aim to investigate 

sequence learning by observation in the laboratory utilise a method named the two 

action task which goes some way towards solving the problems associated with 

observations made in a natural setting.

Call and Tomasello (1995) exposed orangutans (Pongo pygmaeus) to an extension 

of the two action test under observational conditions. They constructed a puzzle 

box which comprised a hollow large wooden box from which food reward could be
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gained. On the side of the puzzle box was a steel rod manipulandum which could 

be moved in three ways in order to gain access to food e.g. push, pull and/or rotate. 

On the front panel of the box was also a large protruding pipe from which food could 

be dispensed if the correct manipulation to the puzzle box was made. Following a 

brief period in which the orangutan was allowed to familiarise itself with the 

apparatus a human demonstrator manipulated the steel rod according to a 

combination of simple actions. One group of apes was shown a demonstration of 

'push then rotate' and a second group was shown the reverse order i.e. 'rotate then 

push'. In addition, each group of animals was also exposed to the puzzle box for a 

set of 'control' trials where no demonstrator was present. This was to ensure that 

the existence of any subsequent matching behaviour was as a direct result of 

demonstrator behaviour. Each ape saw thirty demonstrations of the sequence of 

manipulations in which the human demonstrator was seen to receive food reward 

which was then consumed. Following each demonstration the orangutan was then 

allowed to manipulate the puzzle box for a period of time during which any 

manipulations made to the manipulandum were recorded.

Results showed no evidence of sequence learning following demonstration of a 

combination of complex actions, in fact neither group of orangutans showed any 

tendency to match demonstrator behaviour and performed at a level similar to 

chance. In addition, findings suggested that the presence of a demonstrator had no 

facilitative effect upon orangutans' ability to reproduce a sequence of actions in 

order to gain food reward. Follow-up studies, which aimed to overcome criticism that 

a human demonstrator may be inappropriate as a model for behaviour, found that 

even when using an orangutan demonstrator i.e. a conspecific, no evidence of 

sequence learning by observation was forthcoming.

It may be the case that orangutans in this study showed no evidence of learning, 

as the combination of actions required for success were too difficult for them to 

execute. There appears to be no evidence for this argument, however, as many of 

the required actions were emitted during the familiarisation phase prior to testing.
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Terrace (1991) in an experiment with pigeons found evidence that in order for a 

sequence of manipulations to be executed the various component items of a 

sequence have to be present within the animal's repertoire for reproduction of a 

combination of those items to occur. This was already the case in Call and 

Tomasello's study. It is possible that observers may not have been allowed 

sufficient exposure to demonstrations of the different action sequences which may 

account for a failure to find sequence learning. Terrace (1993) found that to master 

lists of between four and seven items asocially chimpanzees typically took in excess 

of thirty trials to attain maximum learning so it is possible that under observational 

conditions many more trials are required before learning is achieved.

The animals employed in the Call & Tomasello (1995) study displayed many 

idiosyncrasies in their manipulations of the puzzle box. A criticism of many studies 

of this nature revolve around the notion that too much emphasis is placed upon 

correct replication of the actions required from the observer animal following 

demonstration. Byrne and Russon (1996), advocate evaluating the correct ordering 

of actions rather than concentrating upon the actions themselves. In line with this 

suggestion, Call and Tomasello scored observer actions in terms of categories of 

behaviours i.e. pull, push and rotate responses, regardless of the actions employed 

in addition to scoring observer actions in relation to how well they matched 

demonstrator action.

So, if a push-rotate sequence is required in this order i.e. poke the steel rod with the 

finger and push, followed by grasp the steel rod with forefingers and rotate, a 

correct sequence replication may be scored as an observer shaking the box to get 

the steel rod to slide away from them (in the same direction as a push) and then 

grasping the rod in their mouth to rotate it. This method of scoring would not 

provide evidence of imitation defined as response learning by observation, but 

would maximise the chance of finding some evidence of learning about the ordering 

of events by observation. Nevertheless, even following changes made to the scoring 

method success in opening the box appears to have been as a result of trial and
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error.

Whiten (1998) utilised a variation of the two-action method by constructing an 

'artificial fruit'. The 'fruit' was analogous to the puzzle box in the Call and Tomasello 

study (1995) but differed in that food reward was placed inside the box and could 

be accessed upon opening. Whiten used arbitrary sequences of actions and 

manipulations in contrast to the type of sequences employed in the puzzle box 

study, which were necessary to gaining food reward. This approach was designed 

to eliminate individual trial and error learning and problem solving.

Manipulations made to the fruit differed along two dimensions; order of 

manipulation of the various manipulanda on the 'fruit' and secondly the actions 

required at each stage of the process. The two sequences were [far-bolt/inner- 

bolt/pin/handle] and [pin/handle/far-bolt/inner-bolt] respectively and were 

demonstrated to observer subjects using differing arbitrary actions e.g. twist then 

spin then turn or turn then spin then twist. In total subjects were allowed 5 

demonstrations of each method before testing began. Observer responses were 

coded in terms of how well they conformed to the sequence of manipulations they 

had been shown and whether they reproduced the specific actions they had seen 

demonstrated. Findings indicated that chimpanzees showed a tendency to replicate 

the sequence they had seen during observation but showed no tendency to 

reproduce the demonstrated actions. In simpler terms, if the observer had seen 

[pin/handle/far-bolt/inner-bolt] it was more likely to approach the pin prior to the 

handle followed by the far and inner bolt in that order. The tendency for 

chimpanzees to replicate the correct order of demonstrated manipulations can be 

explained as these apes being able to learn a stimulus sequence by observation. 

However, the finding that the chimpanzees did not reproduce any of the observed

actions suggests no evidence of response learning or learning by imitation.
TuAr-maee CxtmAWZEg, 8cnrKfc>
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Whiten's (1998) study is the only evidence to date which suggests that animals

mg
(chimpanzees) are capable of learning about a sequence of X items ( in this case.
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two items, as the bolts and the bars may have been encoded as pairs of 

manipulanda) by observation. It seems likely that the chimpanzees learned primarily 

about stimuli, that the bars and bolts moved according to a particular order, rather 

than learning to make certain body movements in a particular order in order to gain 

access to the contents of the box (response learning). However, there is little 

indication from the results of this experiment how the chimpanzees learned the 

sequence by observation i.e. what cognitive mechanisms are involved.

2. 2 Theories of animal sequence learning

Studies which investigate animal sequence learning generally might provide some 

insight into the mechanisms responsible for sequence learning which occurs 

following observation. In addition they may provide some clue as to how the 

chimpanzees in Whiten's 1998 study learned to manipulate the artificial fruit in the 

correct order, and extend some explanation as to why these apes fail to replicate 

the correct action components of the task. Sections 2.2.1 and 2.2.2 provide 

examples of studies showing that nonhuman animals are able to learn about 

sequences through direct exposure to serially ordered events, and examines a 

theoretical account of the mechanisms mediating this learning.

2.2.1 A Rule Encoding account

Hulse and Campbell (1975) carried out a maze running study with rats with a view 

to assessing rats' sensitivity to changes in large and small food reward. The 

element set consisted of 5 quantities of food reward [0,1,3,7,14] and rats were 

exposed to the varying amounts of food reward at different stages of the maze 

under one of three conditions. Group 1 rats were presented with food quantities that 

increased monotonically from the smallest food reward to the largest food reward 

according to the rule E(i)<E(i+1) where E(i) is the next successive element. 

Therefore, in this case a rat would first encounter an empty maze arm (0) followed 

by a maze arm with a one pellet reward (1), followed in the next maze arm by a
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three pellet reward(3) and so on until the sequence [0-1-3-7-14] was complete. 

Group 2 rats were exposed to food quantities that decreased monotonically from the 

largest to the smallest according to the rule E(i)>E(i+1). Here rats would encounter 

a fourteen pellet reward (14) in the first maze arm, followed by a seven pellet reward 

(7) in the second and so on until the sequence [14-7-3-1-0] was complete. Group 

3 rats were presented with food quantities which were arranged in a random order 

throughout the maze and two further groups were included, one where the terminal 

element was always zero and the second where the terminal element was always 

fourteen.

Results indicated that running speed increased or decreased monotonically 

dependant upon the nature of the pattern of reinforcement. Group 1 rats, for whom 

reinforcement increased at each stage of the maze, were found to run progressively 

faster at each increase of food compared with group 2 rats who ran faster towards 

the first element of the sequence, in their case the fourteen pellet reward, and then 

slowed progressively as food reward decreased in quantity. This result implied that 

rats are able to learn the order in which food would appear and are sensitive to the 

relationship between each successive element . This suggestion was further 

supported following comparison with group 3 who had been exposed to a random 

food presentation. This group ran with equal speed between each element implying 

no knowledge of sequence order. The biggest change overall in running speed was 

noted for the zero pellet reward which appeared to be the most salient element.

It appears from this early experiment that rats are indeed capable of encoding the 

temporal position of elements within a sequence of reinforcement. However, there 

are a number of explanations for the results. Firstly it is possible that hunger may 

drive the rats to run (a) faster as food reward increased or (b) slow down as they 

were satiated. However, this suggestion can be discounted after consideration of 

the random groups performance. Here, running speed remained the same 

regardless of any increases or decreases in food reward (only the first 4 elements). 

In order to accept hunger as an explanation of results then one would expect a
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hungry rat to run quickly regardless of the magnitude of the next food reward. A 

second explanation of results, temporal anticipation, suggests that rats respond to 

the terminal element alone and so run faster if included in the monotonically 

ascending group (Group 1) and slower if included in the monotonically descending 

group (Group 2). Results bear out this explanation and it is not possible to disregard 

this explanation completely. However, if temporal anticipation of the terminal 

element is crucial then one could expect to see equivalent running speeds towards 

the first four sequence elements for a group exposed to a random sequence (Group 

3), followed by a decrease or increase in running speed towards the terminal 

element dependant upon its magnitude, either zero or fourteen pellets. Running 

speed was found to decrease following a random presentation of food reward which 

ended in zero but did not increase following a sequence which ended in a fourteen 

pellet reward. The particular saliency of the zero pellet reward in the third random 

control group and the slowing of running for group 2 (monotonically descending) 

can also rule out explanations such a counting, frustration and other emotional or 

motivational factors.

Hulse suggested that rats may have learned about the order of presentation of food 

reward through associative chaining mechanisms and the formation of S-R links 

which would account for the differential running times seen between individual 

elements in both the ascending and descending monotonie sequences. S-R 

learning suggests that the rat learns about the magnitude of individual elements 

which in turn triggers the memory of the last time it responded to the following 

element in the sequence. In the monotonically ascending sequence [0-1-3-7-14] 

a zero pellet reward triggers the memory of an increase in running speed to the next 

element, the one pellet reward triggers a slightly faster running speed and so on 

until the fastest running speed is recorded following a 7 pellet reward. This 

explanation, however, cannot account for the random groupfs performance in 

Hulse's study. The two groups of interest are those for whom the terminal element 

is either a zero or a fourteen pellet reward with all other elements being presented 

randomly. Running speed should be seen to increase in anticipation of the fourteen
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pellet reward and decrease in anticipation of the zero pellet reward. Results showed 

sensitivity to the zero pellet reward but not to the fourteen pellet reward when one 

would expect faster running speed if S-R links have been formed.

A chaining explanation of a rats memory for serial order is possibly too simple an 

explanation to account for the findings in Hulse's original study. An alternative 

theory which has been proposed suggests that ratsf may be encoding the structural 

features of the sequence rather than relying on simple pairwise associations. Here 

some feature of the structure of the sequence is encoded although the theory is 

unclear as to what these features are. It is possible that by features this could refer 

to the complexity or simplicity of the sequence, the internal structure i.e. whether 

food reward is ascending or descending, the saliency of particular sequence items

i.e. a zero food reward may result in greater disappointment leading to slower 

running to that event, or some other identifying markers. In the same way that 

humans form some kind of representation of the structure of a sequence by 

identifying markers or cues within the pattern which in turn can be used as 

mnenomic triggers for recall so it is postulated that rats learn some feature of the 

sequence itself which in turn can be used as a trigger for recall.

The most convincing evidence in support of a rule encoding account of serial 

memory in rats comes from an experiment ( Hulse & Dorsky 1979) which assessed 

whether rats could transfer knowledge about an old sequence to learning about a 

second new sequence. Rats were trained in one of two groups. Group 1 rats were 

trained on decreasing monotonie patterns ( E(i)>E(i+1) ) of between one and four 

elements made up from the element set (10,5,3,1 or 0). Group 2 rats, however, were 

trained on patterns which did not conform to any consistent pattern. Following a 

lengthy training session rats were presented with a new sequence which either 

conformed to the monotonie rule E(i)>E(i+1) learned during training or was an 

example of a non-monotonic sequence and so did not conform to the original rule. 

Here, however, a fifth element was also added to the sequence to assess to what 

extent rats could extrapolate what they already know about a sequence to an extra
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unknown item. Findings indicated that group 1 which had been trained on the 

original monotonie pattern showed better tracking of a new monotonie pattern 

compared with a group that had been trained on a random pattern who conversely 

showed little knowledge of sequence order. In addition group 1 also showed 

negative transfer when tested on a non-monotonic pattern. This result implied that 

if the pattern rats were tested on conformed to the same rule structure as the 

pattern rats were trained on then the new pattern on test should be learned more 

quickly. If however, rats were subsequently made to learn a sequence which abided 

to an altogether different rule in comparison to the one they had been trained on 

then it would take longer to acquire the new sequence.

Hulse's early findings which imply that rats encode some representation of the rule

structure of a sequence of food reward have achieved much support to this date.
A

Fountain et al (1983^84) replicated findings which implied that complex rules are 

harder to learn than simple ones and in addition found that learning of complex
Of

sequences by rats could be facilitated by introducing cues e.g. place cues.^patial 

cues during training. Hulse & O'Leary (1982), Mizuhara (1990) and Taniuchi (1995) 

replicated the transfer experiment emphasising the role of rule encoding rather than 

resorting to associative chaining mechanisms.

Studies using pigeons, have also provided further support for a rule encoding 

account of sequence learning in animals. Using a method known as the 

'simultaneous chaining' task, subjects are presented with a 4x2 matrix consisting of 

eight possible response locations whereby they are required to make a pecking 

response, to a sequence of response locations in the correct order in order to g a ir^  

food reward.

This method is preferred as the entire stimulus array remains in tact until all 

responses by the pigeon are made. That is, if the pigeon executes a sequence of 

pecks in the correct order then all possible response locations remain illuminated 

until the last item in the sequence is responded to at which time the array is
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extinguished and food is delivered. If, however, the pigeon makes an incorrect 

response and responds to a key in the wrong order, then the array once again 

remains in tact until the last response is made but this time no food reward is 

delivered. By employing this method the configuration of stimuli within an array can 

be altered whilst keeping the sequence of responses that are required on test 

constant so as to eliminate confounding factors such as spacial cueing.

Terrace (1987, 1991) found that in general pigeons require as many as 120 daily

sessions in order to accomplish a five item list. In order to train pigeons to master

a sequence of key pecks such as A-B-C-D-E, subjects are presented with the first

element pair in the list A-B where they are required to press A before B in order to 
<x

gain/food reward. Once this element pair has been learned sequence element C  

is added and training continues until the triad A-B-C is learned. Then it follows that 

sequence element is added and finally sequence element 'E' until all five 

sequence items have been learned. At first it appears that pigeons learn to execute 

this type of sequence by treating it as a sequence of discriminations. When the 

array is illuminated this provides a signal to the subject to peck 'A', once 'A' is 

pecked this then serves as a cue to peck the next sequence item 'B' and so on until 

the sequence is complete. In simpler terms a chain of responses is formed with 

each element serving as a cue for responding to the next sequence item. 

Subsequent studies however have suggested that a chaining hypothesis may be too 

simple an explanation of a pigeon's ability to learn sequences of responses.

Terrace (1987) trained pigeons to master a five item list A-B-C-D-E followed by a 

testing session which required subjects to respond to each of the two item subsets 

(A-B, A-C, A-D, A-E, B-C, B-D, B-E, G-D, C-E, D-E) which made up the entire 

sequence in order to assess subjects' knowledge of the relationships between 

sequence items. Results showed that accuracy of responding to subsets A-B, A-C, 

A-D, A-E, B-E, C-E, D-E was reliably higher than chance performance, whereas 

responding to subsets B-C, B-D and C-D was well below chance. Response 

latencies to each individual subset, however, appeared to provide clues as to why
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these particular subsets posed difficulties for subjects and implied that a simple 

chaining hypothesis may not be sufficient an explanation.

The data showed that when pigeons were faced with subsets that began with the 

first element of the sequence, 'A', response latencies were much faster for those 

sequence pairs compared with response latencies to subsets that began with either 

a 'B', 'C  or 'D'. If pigeons were required to respond to 'B-C , for example, they 

pecked equally as often to either sequence element in this pair and showed no 

tendency to peck at 'B' prior to pecking at 'C. This result implied that although a 

response chaining hypothesis could account for good performance on subsets A-B, 

A-C, A-D and A-E in as far as pigeons showed some knowledge that 'A' was the first 

element of the sequence (they had no option but to peck at the second element to 

complete the pair) they also surprisingly showed an equivalent level of performance 

for subsets B-E, C-E and D-E. Here, performance to these subsets was well above 

chance. In order to explain these results D'Amato and Colombo (1988) suggested 

that subjects may learn the sequence according to the rule 'peck A first, peck the 

other keys at random, then peck E last'. That is, pigeons are likely to respond to the 

first and the last element of the sequence and have little knowledge of sequence 

order or the relationships between interim sequence items.

In addition there is some suggestion that the contiguity or the temporal distance 

of a response from reinforcement may have some influence on how well an item in 

a sequence is remembered. Reid (1994) trained rats to press either right or left 

levers in an operant chamber to complete a three response sequence. Once 

subjects were found to be competent lever pressers they were switched to a new 

target sequence which differed in terms of the first or last item in the sequence. Reid 

found that learning of the new sequence was slower if the last item of the sequence 

had been altered upon transfer inferring that the closer a sequence item is to 

reinforcement the greater its sensitivity to any changes in sequence structure. This 

finding was further supported by Terrace et al (1996) who found that following 

acquisition of three item response sequences, pigeons were found to make more
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premature responses to the last item of a sequence on test compared with any other 

response. However, in a study by Shimp (1976) the recency effect was found to be 

diminished with prolonged exposure to all the items in a sequence. In fact, if the 

duration of presentation of the first item in the response sequence was greater than 

ten seconds, with a retention interval of four seconds, then a primacy effect 

emerged.

2.2.2 An Associative Memory view

Regardless of this support Hulse's rule encoding theory has not been without 

criticism. In fact a second theory of sequence learning in animals has subsequently 

emerged. This second theory attempts to provide a more detailed associative 

account (Capaldi, Verry & Davidson 1980) in comparison to the original chaining 

view.

Capaldi et al (1980) proposed that for a decreasing monotonie sequence [14-7-3-1- 

0] rats* memory for the fourteen pellet reward is retrieved on encountering the seven 

pellet reward thus becoming a cue to anticipate the seven pellet reward. So it 

follows that memory for the seven pellet reward is retrieved at the three pellet 

reward and so seven pellets becomes a cue for the three pellet reward, memory for 

the three pellet reward is retrieved at the one pellet reward and so becomes a cue 

for a one pellet reward and so on. In addition, each cue also has the capacity to 

gain a particular magnitude of reward strength dependant upon the size of 

individual items preceding and following each element in addition to the relative 

reward strengths of sequence items as a whole. Therefore the greater the potential 

for each item to gain reward strength, based upon the relative reward strengths of 

other sequence items, the more strongly the animal will react to a terminal zero 

pellet reward. If the strength of potential for reward at SI is high then tracking of a 

terminal element zero will be poor, evidenced by faster running speeds towards the 

terminal event zero. Conversely, if the reward strength accrued at 81 is low then 

tracking will be good resulting in a reliable decrease in running speed.
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The ability and strength of a memory for a sequence item to signal reward can 

occur in one of two ways. Firstly in a direct way by being consistently retrieved on 

rewarded trials or secondly through a process known as stimulus generalisation. 

Here in the series [14-7-3-1-0] a zero pellet reward receives reward strength from 

S I4, 87, S3, and SI which summate to a total reward strength of 25. Capaldi 

argued that in Hulse's original experiments memory variables may have been 

confounded. For example, when comparing strong with weak monotonie sequences 

[14-7-3-1-0] and [14-5-5-1-0] respectively, reward strengths signalling the terminal 

element zero in Hulse's experiment could be argued to have differed in magnitude. 

It is possible that the greater reward strength was supplied to the zero pellet reward 

in the case of the weak monotonie sequence. Although a zero pellet reward in both 

cases was signalled by S I, it is possible that SI was supplied greater reward 

strength in the case of the weak monotonie sequence [14-5-5-1 -0] than in the case 

of the strong monotonie case [14-7-3-1-0] resulting in poorer tracking. Capaldi 

(1979) further confirmed a stimulus generalisation account by comparing running 

speeds to [16-4-0] and [4-0] respectively. Poorer tracking of the terminal element 

zero was observed for the sequence [16-4-0]. Here SI 6 supplied a greater 

magnitude of reward strength to S4 through stimulus generalisation which was 

reflected by an increase in rats running speed towards the terminal zero element.

Further support for an associative memory account of serial learning was found 

when Capaldi investigated Hulse's suggestion that the greater the number of times 

a rule is rehearsed the better it is encoded. Here, four groups of rats were 

compared. Group 1 were exposed to the reward sequence [4-0], group 2 were 

presented with [16-4], group 3 were exposed to [16-4-0] and group 4 were provided 

with two instances of the rule [16-4/4-0] separated by a 30 min delay.

According to a rule encoding account group 4 should show better tracking of the 

terminal element due to multiple exposure to the rule, whereas a stimulus 

generalisation account might argue that increasing the number of times a rat is 

exposed to a rule might adversely effect tracking due to increasing generalised
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reward signal capacity to the non reward memory.

Results showed that group 1, who had been exposed to the reward sequence [4-0], 

experienced better tracking in comparison to any other group apparently 

disconfirming the rule encoding suggestion that repeated instances of a rule le^ds 

to better learning. It could be argued, however, that in terms of sequence simplicity 

i.e. complex rule versus simple rule, a rule encoding account might predict that a 

sequence [4-0] should be more readily encoded as the load on memory is low and 

the sequence more simple. In addition, for the sequence [16-4/4-0] rats may have 

learned to anticipate that the second run of the day [4-0] was unrewarded rather 

than having learned anything about the actual rule structure E(i)>E(i+1). Findings 

were more adequately described by an associative explanation which argues that 

for group [16-4/4-0], SI 6 becomes an 8+ cue ( as it is retrieved on rewarded trials) 

for 84, supplying 84 ( an 8- cue on non-rewarded trials) with generalised reward 

capacity leading to poorer tracking. Group [4-0] had no 8+ to supply reward strength 

and so resulted in slower running to the terminal zero element.

As a follow up to this experiment Capaldi exposed all groups of rats to two rule 

instances a day, for two of the groups the internal rule structure differed between 

presentations [1-10/2-0] and [1-10/20-0]. Here, the first element pair ended in 

reward whereas the second element pair ended in non-reward. For the remaining 

two groups the internal rule structure was identical with both pairs of elements, 

decreasing in reward [15-10/2-0, [15-10/20-0]. A rule encoding account would 

suggest that if the internal structure of each element pair is identical then this 

should lead to improved encoding of the sequence rule resulting in faster tracking. 

An associative account argues that taking into account stimulus generalisation 

internal structure is irrelevant. Here the most important issue is the amount of 

reward strength that each element transfers to the memory for non reward.

Results once again disconfirmed a rule encoding account with better tracking to the 

zero element occurring for groups [1-10/20-10] and [15-10/2-0]. 8timulus
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generalisation would predict that if the memory for reward is similar to that of non 

reward, as is the case for sequence [1-10/2-0] then tracking of the terminal zero 

element may be poor due to increased reward signal capacity being supplied to the 

nonæward item. To expand, SI signals a ten pellet reward and 82 signals a zero 

pellet reward. 31 and 82 are more similar than 815 and 82 for sequence [15-10/2-0] 

thus leading to poorer tracking. The same can be said for the sequence [15-10/20- 

0] which experienced poorer tracking and can be understood in similar terms.

There appears to be equivalent evidence for and against both Capaldi's associative 

account of memory for serial order and Hulse's rule encoding account. More 

recently, there has been some suggestion that rats may utilise a mixture of rule 

encoding and associative mechanisms dependant upon the conditions under which 

sequence learning takes place. Taniuchi (1997) carried out a series of experiments 

in which pattern length, inter-run interval were manipulated. Results implied that 

dependant upon the length of the sequence and the length of time between one trail 

run and the next, tracking of the terminal zero pellet element differed. Under certain 

conditions behaviour could be explained in terms of a rule encoding account and 

in others an associative hypothesis was the most plausible. Taniuchi proposed that 

both mechanisms may compete with one and other and that dependant upon the 

explicit conditions under which training is provided one strategy may become more 

appropriate than the other.

Studies involving primates as subjects have also indicated that these animals may 

utilise a combination of rules and associative mechanisms to process information 

about sequences albeit in quite a different manner in comparison to rodents and 

birds. D'Amato and Colombo (1988) employed a simultaneous chaining paradigm 

in much the same way as had been employed in the pigeon studies but here, 

monkeys were required to touch the stimuli in order to record a response.

In an initial experiment, monkeys were trained to produce a five item list and results 
Was

showed that not only wefe this species able to learn the sequence of responses in
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a faster time but they also responded at a high level of accuracy to all of the 

individual two item subsets. This is in direct contrast to the way in which pigeons 

had performed. More importantly when looking at the time it took to respond to each 

subset and each individual item in a subset it became evident that monkeys show 

a greater appreciation of the relationship between items in a sequence. Basically, 

speed of responding increased in a monotonie fashion dependant upon the position 

of the item in the list. That is, the further away an item was from the beginning of 

the list the longer it took for a response to be made, therefore it took longer to 

respond to 'E', less time to respond to even less time to respond to 'C  and so 

on with the fastest times recorded for responses to the first element 'A'. This was 

also reflected in the subset analysis in that response time to items in subsets 

closely mirrored the relationship between each item in the list and their relative 

positions within the sequence. For example if monkeys were presented with subset 

A-B they responded quickly to 'A' which was closely followed by a response to 'B', 

'B' being the second item in the entire sequence. However, if presented with A-D 

they responded quickly to 'A' then responded to at a much slower rate than it 

took to respond to item 'B' in the previous subset, 'D' being the fourth item in the 

sequence.

This result implied that monkeys were able to form a linear representation of a 

sequence of responses and form some kind of representation of the relationships 

and temporal position of items in a list. When presented with a five item sequence 

A-B-C-D-E and required to respond to subsets of that list it was suggested that 

monkeys decide upon which item to respond to first by starting at the beginning of 

the list and working their way through it until they get a match. The greater the 

number of items in a list and the more items the monkey has to work through before 

obtaining a match the longer the response time to an item will be.

Two explanations are proposed to explain these results. The first suggests that 

monkeys form a representation of a chain of responses, each stimulus linked via an 

associative mechanism with the next item (D'Amato and Colombo 1988). A second
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explanation proposed by Harris and McGonigle (1994), akin to the rule encoding 

accounts proposed by Hulse (1978) to explain rodent sequence learning ability, 

suggests that instead monkeys utilise a 'stack' of rules for example 'Touch A then 

Touch B and then Touch C. Although both theories clearly support the data neither 

provide any details as to how these rules or items are represented cognitively and 

neither account incorporates any suggestion that the animal has any knowledge of 

the positions of items within a list, that is, there is nothing to indicate that 'Touch C  

for instance represents the third item in the list. As such , neither an associative 

chaining account or a rule encoding account can provide a complete account of the 

data (Terrace 1986, Shimp 1987).

D'Amato and Colombo (1989) attempted to assess the relative merits of both an 

associative chaining account and a rule encoding account by investigating further 

whether animals such as monkeys are capable of acquiring and representing 

knowledge of the ordinal position of items within a sequence. In order to do this they 

trained monkeys to carry out a sequence A-B-C-D-E to a high level of accuracy 

following which they introduced a new stimulus item which they named a 'wild card'. 

This 'wild card' (W) item could then be substituted for any item in the original or 

baseline sequence. During testing, subjects were required to respond to sequence 

items in the correct order substituting a response to the wild card item in place of 

the sequence item that was missing in order for food reward to be delivered.

Following successful acquisition of the sequence A-B-C-D-E, training began on all 

possible wild card sequences W-B-C-D-E through to A-B-C-D-W. The idea behind 

the use of the wild card item is as follows. Consider the sequence A-B-W-D-E. An 

associative chaining hypothesis assumes, that because the wild card item W 

precedes all sequence items on an equivalent number of occasions the strength of 

the association formed between each item and the wild card item should be equal. 

Therefore, when W is substituted for item C in the original baseline sequence, a 

subject could either respond to sequence items D or E unless some knowledge of 

the ordinal position of items within the sequence is already in place. If knowledge
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about the ordinal position of items within a sequence is in place and responding is 

not being controlled by a simple associative chaining mechanism then subjects will 

respond to item D accordingly. An associative account of sequence learning in 

monkeys assumes that due to the inevitable competition which arises between the 

associations formed between wild card items and baseline items and the 

associations formed between baseline items and other baseline items, problems in 

responding to wild card sequences are most likely to occur for sequences W-B-C-D- 

E through to A-B-C-W-E. The best wild card performance should be seen when 

responding to A-B-C-D-W as this sequence does not rely upon remote 

associations and contains no transitions from a wild card back to a baseline item.

Results showed that contrary to the predictions made by associative chaining theory 

the sequence A-B-C-D-W did not result in the best performance. In fact accuracy 

of responding correctly to the wild card item when substituted in the original 

baseline sequence was high for all wild card sequences (60% correct compared 

with 20% chance performance). That is when subjects saw, for example, A-W-C-D-E 

they correctly responded to W in place of the second item B. This substitution 

required some knowledge of the ordinal position of items within the sequence as 

subjects did not respond to C following A when they found that B was missing. This 

reflects some knowledge that C was not the second item in the sequence but the 

third item, and did not follow the first item A. This finding was further supported by 

a second experiment ( D'Amato and Colombo 1989, experiment 2) which substituted 

two wild card items within baseline sequences and found that accuracy of 

responding to two wild card items in place of two baseline items was reliably above 

chance performance once again suggesting that monkeys are capable of acquiring 

knowledge about ordinal and temporal position.

The results from single and double wild card experiments do not completely 

support an associative chaining theory as an explanation of monkeys' ability for 

dealing with events that are ordered sequentially. In fact, results suggest that 

monkeys use a combination of positional information about items within a list and
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knowledge gained associatively to locate those items. As a consequence of an 

experiment where D'Amato & Colombo (1990) investigated a robust phenomena 

known as a distance effect, generally assumed to rely on encoding of positional 

information rather than information formed on the basis of associations between 

sequence items, they failed to find a distance effect following pretraining which 

involved progressive item by item sequence acquisition. Findings suggested that 

if the sequence is learned during training as a chain of individual items from 

beginning to end (A->B->C->D) this encourages an associative chain mode of 

processing resulting in the lack of a distance effect. However, if the sequence is 

learned as a pattern of adjacent pairs (A-B, B-C, C-D) then processing which 

encourages the use of positional information may be employed. Therefore, any 

preference for either mechanism may reflect the way in which pretraining of 

sequence items is carried out in these studies.

This finding might help explain how the chimpanzees in Whiten's artificial fruit 

experiment (1998) managed to replicate the correct order of manipulations that were 

required to open the apparatus on test. If, in Whiten's study, chimpanzees had 

observed the sequence demonstrated in adjacent pairs; [far-bolt/inner-bolt], [inner- 

bolt/pin], [pin/handle] then one could argue that replication of the correct order on 

test may be due to learning positional information. More likely an explanation is that 

observer animals learned information about either sequence, [far-bolt->inner-bolt- 

>pin->handle], [pin->handle->far-bolt->inner-bolt] or [bolts->bars] and [bars->bolts] 

if represented as two item sequences, as a chain of manipulations encouraging 

associative mechanisms to be employed when the chimpanzees were required to 

open the apparatus themselves. This appears to be a likely explanation as each 

demonstration started at the beginning of the sequence and progressed through the 

sequence, item by item, until it was completed in much the same way as D’Amato 

& Colombo suggested.
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2.3 Associative Sequence learning (ASL) Theory

Hayes and Ray (1998) recently proposed a new theory of imitation known as 

Associative Sequence learning theory (ASL). ASL theory represents actions as 

being made up of sequences of smaller actions or 'action units'. Consider the 

example cited earlier in this section regarding a gorillas consumption of the nettle 

Laportea alatipes (Byrne and Russon 1996). Here, in order to ensure safe 

consumption of the nettle gorillas employed a process of manipulations which when 

carried out in the correct order resulted in harmful stings being kept away from the 

mouth upon eating. This provides a rather hefty example of an action which 

comprises smaller units of actions in order to complete, however, ASL theory states 

that all actions no matter how small can be considered as comprising smaller 'action 

units'.

Using Heyes and Ray's example, when an observer sees a sequence of hand 

movements i.e. point, splay then victory, which combine to provide a novel 

combination of movement, two associative processes, the first being of a sensory 

nature and the second dealing with representations of the motor components of the 

action sequence are activated. The sensory links form a representation of the visual 

aspects of the sequence so that the observer knows what each item in the 

sequence looks like and can recognise sequence components if necessary. In 

addition, these sensory units are connected to each other according to factors such 

as context or time which provide cues to allow reproduction of the correct order of 

sequence items. Once some kind of sensory representation of each item in a 

sequence is formed, an associative link between each of these units and the motor 

units, which contain kinaesthetic information regarding performance of the motor 

programme, are formed. These motor components are assumed to be already 

present in the repertoire of the observer. Links between the sensory units and the 

motor units are suggested to be brought about through the observer seeing a 

sequence executed and completed, however, these connections can also be 

brought about indirectly. For example, consider the sequence item 'point'. On one
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occasion an observer may see another person pointing with their finger and hear 

the word 'point' at the same time, on another occasion the observer may be making 

the hand movement 'point' and then hear the word 'point'. Therefore information 

about the motor and sensory aspects of the sequence item may have been formed 

in the absence of one and other and become connected via an "acquired 

equivalence" route to imitation.

Heyes' theory combines for the first time, learning about sequences and learning 

by observation which have hitherto been treated separately experimentally. Most 

importantly it allows certain predictions to be made about animal learning. ASL 

theory proposes that if an animal is capable of stimulus learning and in addition has 

prior experience of the individual actions which comprise a sequence then it may 

be able to learn to reproduce any action sequence in the correct order and using 

the same actions which it has seen demonstrated. Using a task akin to the two 

action tasks which have been mentioned earlier it would be possible to test this 

empirically. For example, an experimenter might wish to pretrain rats to execute a 

number of individual lever presses and then expose these rats to demonstrators that 

have been trained to press one or other combination of lever presses. On test the 

observer rats would be given the levers and scored as to how closely their lever 

pressing resembles the sequences of lever presses they had seen demonstrated. 

If they manage to reproduce the correct combination of lever presses and with the 

same method e.g. paw or mouth then one could conclude imitation of sequence 

execution. If however, they only manage to reproduce the correct order of lever 

presses but without the concomitant action then this still informs us that this species 

are capable of learning about sequences of stimuli by observation.

2.4 Summary

To summarise: it appears that animals other than Homo sapiens are indeed 

capable of stimulus learning by observation, of learning about objects and events. 

Undoubtedly animals can learn about single stimuli by observation, and can learn
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about stimulus and response sequences by direct exposure to the target events. 

Less clear is whether they can learn about single responses by observation 

(imitation), or whether they can learn about sequences of stimuli or responses by 

observation.

Whiten (1998) provides the only firm evidence of observational sequence learning 

in animals (chimps), which is most likely to be as a result of learning about 

sequences of stimuli rather than learning about sequences of responses. If this is 

the case it is suggested that this may be mediated by an associative mechanism.

The experiments reported in Chapter 6 sought evidence of stimulus sequence 

learning by observation in rats using a two action test under free operant and fixed 

trial conditions.
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Chapter 3
Testing For Observational impiicit Learning Of A Second Order

Conditional Sequence

The following experiments were designed to assess whether humans can learn 

about serial order via observation. Research to date has ascertained that direct 

practice on the serial reaction time task developed by Nissen and Bullemer (1987) 

results in knowledge being acquired about a sequence as indexed by changes in 

reaction time. However, can knowledge about a sequence be gained by merely 

watching a serial event occur? In addition, is the procedural/ declarative distinction 

an appropriate characterisation of observer performance on a sequence learning 

task?

In order to assess whether observation conditions conform in a similar fashion to 

those which occur following direct practice on a serial reaction time task, i.e. 

procedurally, an adaptation of the serial reaction time task originally developed by 

Nissen and Bullemer (1987) was employed in the study.

3.1 A study of Observational learning in a serial reaction time task utilising a 

second order conditional sequence: A comparison of practice, observation 

and non-practice.

Method

Participants

Thirty participants took part in the study ( 16 females, 14 males), all were students 

from the Psychology Department, University College London. Age ranged from 18 

years to 32 years. All participants reported normal or corrected vision. Participants 

either took part alone or in pairs dependant upon group allocation (n = 10). For

65



those participants that took part in pairs, one participant acted as the observer and 

the other as the demonstrator. Those participants that acted as demonstrator during 

sequence acquisition trials were tested for knowledge of the sequence following 

demonstration of the serial reaction time task and formed part of the Practice 

group.

Apparatus & Materials

Participants were trained and tested on a standard IBM compatible PC (Dell 

Optiplex 560/L) which consisted of a computer screen 1T wide by 8' high, along 

with a standard QWERTY keyboard. The presentation of the stimuli and the 

recording of responses was controlled by the PC in the form of reaction times to 

every dot location to which the subject responded. The task was written in the 

programming language QBASIC.

The task itself consisted of four boxes (3cm x 2cm) which were presented across 

the middle of the computer screen. During any one block of trials a dot measuring 

approximately 2mm in diameter appeared in one of the four boxes. Participants 

were required to respond as quickly and as accurately as possible to the location 

of the dot using one of four keys on the computer keyboard v, b, n, or m which 

corresponded to the position of the target boxes on the computer screen from left 

to right. An individual trial ended once a correct response had been made to the 

location of the dot using an appropriate key press, the next target location in the 

sequence then followed approximately 200ms later. Each block consisted of 100 

trials. If an incorrect response was made to a dot location the dot remained at its 

correct location until a correct keypress had been made. An incorrect keypress was 

noted as an error for that WH and recorded for future analysis.

The target dot appeared according to a 12 item second order conditional sequence 

(SOC). A second order conditional sequence is constructed in such a way as to 

ensure that every dot location is presented to the subject on an equivalent number
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of occasions so matching for frequency of item presentation. In addition, each dot 

location is paired with each remaining location an equal number of times in order 

to account for all the possible transitions that may occur between sequence items 

in a sequence of four items in length. For example, for the second order conditional 

sequence 121342314324 employed in the study, dot location 'T appears three 

times within any one trial and is paired on one occasion with dot location '2', on a 

second occasion it is paired with dot location '3' and on a third occasion it is paired 

with dot location '4'. This procedure is repeated for every item within the sequence 

resulting in a second order conditional sequence of 12 items in length. The 

sequence 121342314324 was repeated 8 times throughout the block which results 

in 96 trials. Four extra trials were included at the beginning of the block to allow for 

practice and the effects of fatigue which were subsequently excluded from all 

analyses. Reaction time to these extra blocks were excluded from subsequent 

analysis. Each block began at a random location within the sequence.

In total there were 10 blocks of 100 trails. Block 1 was intended as a practice block 

of trials for all subjects regardless of group allocation. Blocks 2-7 consisted of 

training blocks and blocks 8-10 consisted of the test trials. Blocks 1-7 showed 

repeated instances of the second order conditional sequence 121342314324. 

Blocks 8-10 consisted of one block of trials which adhered to the original SOC 

sequence, followed by a second block of trials where the sequence of dot locations 

was presented randomly and a third and final block of trials where the location of 

dots returned to the original SCO sequence. These final three blocks were intended 

to assess the extent to which sequence knowledge had been acquired during blocks 

2-7. Any elevation in reaction time caused by the changes made to the sequence 

between blocks 8 & 9 should reflect the extent of knowledge for the original second 

order conditional sequence.

Three groups of participants were employed in the study. Group 1, the Practice 

group, carried out blocks 1-10 themselves and had full access to the keyboard. 

Group 2, the Observation group, saw a demonstrator pressing the keys in response
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to the dot locations during blocks 2-7 and were merely required to watch both the 

finger movements and the movements of the dots on the computer screen. 

Observation participants then carried out blocks 8-10 themselves. A third and final 

group, yie Non-practice group, completed anagrams during the time it took to 

complete blocks 2-7 (approximately 7 minutes) and then carried out blocks 8-10 

themselves. The Non-practice group was included as a means of assessing more 

clearly the differential learning effects of practice and observation over and above 

a group that had little opportunity to learn the sequence.

Procedure

Participants were tested in a cubicle away from noise and distraction and were 

seated at a comfortable viewing distance from the computer screen. Standardised 

instructions were given to the participants prior to participating in the task. Each 

Participant was instructed that they were about to see four boxes on the computer 

screen in front of them. They were informed that in any one of the four boxes a dot 

would appear and they would be required to track the dot using the keys v, b, n, and 

m. They were to respond to the presentation of each dot as fast and as accurately 

as possible but were asked to take care not to sacrifice accuracy for speed. 

Participants' fingers were to remain on the keyboard at all times and they were to 

respond to the 'v' key using their left middle finger, the 'b' key using their left index 

finger, the 'n' key using their right index finger and the 'm ' key using their right 

middle finger. Block 1 was presented to all participants in order for them to become 

accustomed to responding to the dot locations using the appropriate fingers and 

keys on the computer keyboard.

Further instructions were given to each group relevant to group assignment ; the 

practice group was told that they would complete the entire task themselves, 

observation group participants were informed that for 6 blocks they would watch a 

demonstrator employed in the task and then complete 3 blocks of trials themselves 

and the non-practice group was told that following the practice block of trials they
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were to complete anagrams for approximately 7 minutes and then complete the final 

three blocks of trials themselves. Participants were at no time informed that the 

movement of the dot between the boxes adhered to any particular sequence. The 

entire procedure lasted approximately 15 minutes in total.

Results

Scoring

Mean RT's were recorded for each of the ten block of trials (Miller 1988) along with 

the number of errors participants had made during each block of trials whilst 

employed in the SRT task. Data files were screened for participants making greater 

than 20% errors during any one learning block and once identified were excluded 

from analysis. Any participant who generated RT's below 100ms was also excluded 

as this was considered indicative of an anticipatory response which might indicate 

that the participant had taken part in a similar study prior to this (Willingham et al 

1989).

Serial reaction time task

From Figure 3.1 it can be seen that the largest elevation in RT between blocks 8 & 
come,

9 eemeefrom participants who were given the opportunity to practice the sequence 

during blocks 2-7 of the serial reaction time task and were allowed full access to the 

computer keyboard. In comparison, participants that observed a trained 

demonstrator perform the task showed less sensitivity than the practice group to 

the introduction of the random block of trials in block 9, whilst those subjects that 

had little opportunity to learn sequence information and were given anagrams to 

complete during training trials i.e. the non-practice group showed the lowest amount 

of elevation.
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Figure 3.1 Graph showing mean RTs (ms) for each block of training and testing for practice, 

observation and non practice groups on the serial reaction time task (n = 10).

These data were subject to a two-factor ANOVA (group x block) which revealed a 

significant interaction between group and block, F(2,27) = 10.06, p<0.05, a main 

effect of block, F(1,27) = 142.4, p<0.05, but no overall main effect of group (F<1). 

Analysis of the simple main effects for the interaction between group and block 

revealed that practice, observation and non-practice groups showed a reliable 

increase in RT following the introduction of a random sequence in block 9 (practice 

F(1,27) = 106.14, p<0.05, observation F(1,27) = 40.11, p<0.05, non-practice F(1,27) 

= 16.27, p<0.05). This result is suggestive of an observational learning effect of a 

second order conditional sequence. Flowever, simple effects analysis conducted at 

each block separately revealed differences between the groups at both block 8 and 

at block 9. Tukeys tests revealed that at block 8 the mean RT for the non-practice 

group was significantly higher than for practice and observation, which did not 

differ. Whereas, at block 9, mean RTs were significantly higher for the practice 

group than in non-practice and observation which did not differ. The critical 

comparisons of practice and observation with the non-practice group at each block 

confirmed that the elevation in RTs was reliably higher for practice group 

participants than for observation and non-practice groups who performed in a 

similar fashion.
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Although the simple effects suggested that the observation group learned 

something about the sequence during training, indexed by a reliable increase in RT 

at block 9 and by their lower RT at block 8 in comparison to the non practice group, 

the elevation in RT for the observation group between blocks 8 & 9 was found to be 

equivalent to the elevation in RT following non-practice thus providing no reliable 

evidence of observational learning. Any evidence of observational learning was 

further undermined when comparing the pattern of group performance at block 1 

and the pattern of group performance at block 8. A one way ANOVA comparing 

group performance at block 1 of training revealed that the non-practice group 

differed, albeit marginally (p= 0.07) , from the practice and observation group who 

did not differ suggesting that any difference at block 8 between the observation and 

non-practice group may have been due to sampling error. In addition, there were 

no reliable differences in RT's between block 1 and block 8 for any group (F<1), 

where one would expect that if learning had occurred there should be a reliable 

decline in RT.

Errors data (block 8 &9)
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Figure 3.1a Graph showing the percentage number of errors made during block 8 & block 9 for 

practice, observation and non practice groups on the serial reaction time task (n = 10).

A two-way Anova (group x block) was carried out on the error data. Analysis
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revealed a significant interaction between group and block E(2,27) = 4.33, p<0.05, 

a main effect of block F(1,27) = 4.95, p<0.05 but no main effect of group F<1.

Analysis of the simple effects for the interaction between group and block yielded 

a reliable difference between blocks 8 & 9 for the practice group only £(1,27) = 

11.52, p<0.05 providing further support for the view that only practice group 

participants showed any real evidence of sequence learning and that observational 

sequence learning had not occurred.

Discussion

To summarise, practice subjects showed a reliable increase in reaction time 

following the introduction of a random sequence indicating that some learning had 

occurred during blocks 2 -7. This elevation was found to be greater than that found 

following observation and non-practice whose performance was found not to differ. 

However, such learning was not evident in the practice group's RT during training, 

which did not decline between block 1 and block 8. This is surprising as a decline 

in RT across training blocks is typical of such experiments (Nissen & Bullemer 

1987). In this case, the decline is thought to reflect increasing familiarity with 

general task demands. In contrast with Kelly & Burton (in press, Expt 1), their 

practice subjects showed reliable RT savings across training blocks. However, the 

contrast between the Kelly & Burton study and this experiment may be due to Kelly 

& Burton's use of a greater number of sequence repetitions per block (30 vs 8), 

and/or due to the fact that their 12-item training sequence contained within it, what 

could be considered, a salient chunk (4321) coupled with unequal transition 

frequencies.

Experiment 3.1 provided no reliable evidence of observational learning. Although 

observers showed a reliable increase in RT between blocks 8 and 9 this elevation 

was found to be no different from the elevation in RT following non-practice. 

Furthermore, observers did not show an increase in the number of errors made
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between blocks 8 and 9 whilst the non-practice group did. Adding further 

complication to the interpretation of these results, mean RT was found to be longer 

for the non-practice group than for the observation group in block 1 and block 8 

suggesting that the effect on RT of introducing a random sequence may have been 

compared against different baselines. Overall, analyses suggests that procedural 

knowledge might not be available to subjects exposed to observational learning 

conditions, to quite the same extent as practice subjects, on a measure of implicit 

learning. This proved contrary to the hypothesis that observation and practice may 

be functionally equivalent.

In addition, there is some criticism related to the use of a random sequence as an 

alternative to the training sequence in block 9. By including a random sequence in 

block 9 it is possible that parts of the original SOC training sequence were 

replicated purely by chance resulting in faster RT's to those salient chunks. This 

would have the consequence of reducing the difference between RT in block 8 and 

RT in block 9 which could account for a lack of observational learning in this 

experiment.

ed
On the whole these results appear to support Howard et al (1992) who suggestjf 

that individuals require actual motor contact in order for learning to occur and that 

perceptual processes alone are insufficient to elicit good performance. 

Nevertheless, there was a trend in mean RT's suggesting that observation is to a 

small extent superior to having no exposure to the sequence at all, as in the case 

of non-practice subjects. This numerical difference implies that although observation 

in this case is not sufficient to elicit learning similar to that which occurs following 

actual practice, subjects in that group did show greater RT elevation due to the 

introduction of a random sequence when compared with a group that had no 

practice at all. Needless to say, observation subjects did not perform at a level 

similar to practice subjects and so it can only be concluded that procedural 

knowledge of the sequence was unavailable to this group during training.

73



Whilst the elevation in RT between block 8 and block 9 suggests learning following 

both practice and observation, participants in these groups may not have acquired 

sequence information at all. It may be that practice subjects learned that the 

stimulus appeared in one of four locations an equal number of times and/or that the 

number of transitions between the dot locations was equivalent. This is possible as 

the random sequence employed in block 9 was not balanced in either respect.

One possible reason for the lack of an observational learning effect was highlighted 

by Howard et al (1992). They carried out a similar study and found a dissociation 

between different measures of learning, indirect and direct. Their findings 

suggested that observation and practice may perform similarly under indirect testing 

conditions but not under direct testing conditions where observation group subjects 

may show superior learning or sequence knowledge. Indirect measures, similar to 

the RT task used in the present study, infer knowledge of a pattern from changes 

in reaction time performance and do not require subjects deliberately to engage in 

recollection. This kind of measure is thought to reflect procedural knowledge. Cohen 

et al (1984) argued that such knowledge operates outside awareness. A direct 

measure of learning, on the other hand, requires subjects to engage in deliberate 

recollection and, unlike indirect measures, elicit conscious thinking. It may be, 

therefore, that the method of testing can influence whether an observation effect is 

subsequently found to be present or otherwise. The present experiment used an 

indirect measure, while a direct measure may have been more sensitive to 

observational learning. In addition any variability in demonstrator performance 

(different demonstrators were employed throughout the experiment) may have 

resulted in observation subjects receiving differing visual input and levels of 

performance thus minimising the possibility of the formation of procedural 

knowledge.

The purpose of Experiment 3.2 was to seek clearer evidence of sequence learning 

in the practice group and provide a clearer indication of whether observers learn 

more than a non-practice group between blocks 2 and 7. To these ends, 3.1 was
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replicated employing an alternative sequence rather than a random sequence in 

block 9, and, following the SRT task, sequence knowledge was assessed during a 

free generation task in order to investigate further suggestions of a dissociation in 

performance between indirect and direct methods of testing . It was hoped that any 

differences in RT at block 8 brought about by sampling error would not recur during 

a replication. Experiment 3.2 also aimed to standardise demonstrator performance 

by employing a single, competently trained, demonstrator throughout the study.

3.2 Testing for a dissociation: comparing practice, observation and non

practice groups on the serial reaction time task and on a free-generation task.

In line with the notion that a dissociation may exist between knowledge that is 

gained procedurally and knowledge that is gained declaratively, experiment 3.2 

included a free-generation task. This task is argued to assess the extent of 

conscious knowledge of serial order or declarative knowledge and may be more 

sensitive to observational learning conditions. The free generation task was chosen 

as it allows participants to attempt to generate freely the sequence that they think 

they saw during phase one of the experiment i.e. during block 2 - 7 on the serial 

reaction time task. The free generation task does not cue the participant in any way 

as to the position of the next target location and so stands apart from other 

measures of declarative knowledge such as the generate task.

Method

Participants

Forty-eight participants took part in the study (33 females, 15 males). Once again 

all participants were students from the Department of Psychology , University 

College London. Age ranged from 18 yrs to 48 yrs. In this experiment the 

experimenter took the place of the demonstrator for all observer group participants.
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Apparatus & Materials

The apparatus employed was identical to that used in experiment 3.1 with the 

addition of a free generation task which followed the serial reaction time task. The 

free generation task presented participants with the four boxes across the centre 

of the computer screen. However, this time participants were required to attempt to 

replicate the sequence of dot locations that they had seen or practised during 

acquisition trials on the serial reaction time task. Participants were required to make 

ninety-six key presses using the appropriate keys on the keyboard after which the 

computer indicated for them to stop key pressing. When a key press was made 

which corresponded to one of the four possible dot locations a dot would appear in 

the appropriate box on the computer screen and would only disappear when the 

subject made another key press corresponding to another possible dot location and 

the next possible element in the sequence. This procedure continued until all 

ninety-six key presses had been made. The serial reaction time task and the free 

generation task were separated by three further blocks of SOC trials, block 10, 11 

and block 12. These blocks were included to counteract any potential interference 

caused by the introduction of the alternative sequence in block 9.

In experiment 3.2, a slight change was made to the sequence on which participants 

were trained in the serial reaction time task. Here, a counterbalancing condition was 

introduced where half the participants in each group were trained on the original 

second order conditional sequence 121342314324 (S0C1) and the other half were 

trained on an alternative sequence 123413214243 (S0C2). During the test blocks 

(blocks 8-10), the random presentation of dots in block 9 was replaced by either 

S0C1 or S0C2 dependant upon the sequence participants had been trained on 

during acquisition blocks. For example, if a participant had been exposed to S0C1 

during blocks 2-7 then during blocks 8-10 they would receive one block of S0C1 

followed by one block of S0C2, then one block of S0C1 and vice versa. If 

participants had been trained on S0C2 then the alternative sequence in block 9 

would be S0C1. The decision was made to change the sequence in block 9 from
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a random presentation of dot locations to the presentation of an alternative second 

order conditional sequence as it was noted in experiment 3.1 that parts of the 

original SOC sequence may have been replicated in this block (Shanks & 

Johnstone 1998). This may have resulted in parts of the random sequence in block 

9 being already familiar to participants leading to concomitant effects upon 

subsequent elevations to RT.

Once again three groups of participants were employed; practice (n=16), 

observation (n=16) and non-practice (n=16). All participants carried out the serial 

reaction time task according to group allocation as outlined in experiment 3.1. 

Following testing on the indirect task, practice and observation participants were 

exposed to three further blocks of sequence trials (blocks 10,11 & 12), whilst non

practice participants continued to solve anagrams for approximately two minutes. 

Then all participants took part in the direct task i.e. the free-generation task.

Demonstrator training

The demonstrator, in this case the experimenter, undertook a program of intensive 

training on both S0C1 and S0C2 prior to the experiment proper. This was carried 

out to ensure that the demonstrator could execute each particular sequence with the 

same level of expertise prior to any demonstration. Training was complete when 

mean RT's for all blocks of trials reached an equivalent level for both sequences 

(mean RT=300ms). A metronome was employed during training to ensure that the 

speed at which each demonstration was executed was constant throughout. The 

average level of error at the end of demonstrator training was approximately 5% of 

total responses made.

Procedure

Participants were tested under identical conditions to those employed in experiment 

3.1. Standardised instructions were also identical. Following completion of the serial

77



reaction time task participants were required to complete two further blocks of SOC 

trials. Then instructions relating to the free generation task were displayed on the 

computer screen. Here all participants were informed that the movement of dot 

locations during the serial reaction time task had adhered to a particular sequence. 

Participants were not to be concerned if they had not realised this to be the case 

and to read the instructions carefully before carrying on with the final part of the 

task.

Participants were then informed that four boxes would appear on the screen in front
j-o

of them and they would be required to try^replicate the sequence they had been 

exposed to in phase one of the experiment. In order to do this they should once 

again place their fingers on the keys v, b, n, and m and press these keys in the 

order in which they thought they should appear. When they pressed a key on the 

keyboard a dot would appear in the box corresponding to the key that they had 

pressed and would disappear when the next key in the sequence was pressed. 

Once they had made ninety-six key presses the computer would halt and their task 

would be complete.

Scoring

Free generation task data consisted of a list of the locations 1-4 of all ninety-six 

keypresses made during employment in the task. Participants were scored in terms 

of how many triplets (groups of three keypresses) adhered to the SOC sequence 

they had been exposed to during training. For example if a participant had been 

exposed to S0C1 (121342314324) during acquisition blocks and then executed 

3423132 during part of the free generation task scoring would begin with the triplet 

342 and would be scored as correct as it formed part of the original sequence 

SOC1. The triplets 423 and 231 would also be scored as correct. Triplets 313 and 

132 would be scored as incorrect. Therefore, a participant responding in this 

manner would have a 'correct score' of 3 and an 'incorrect score' of 2. The number 

of correctly executed triplets would then be summed to provide an overall 'correct
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score' for that participant. The maximum potential score across 96 trials which could 

be made was 94.

Results

Serial reaction time task

Analysis of a three way Anova comparing Group (P, O, & NP) by Block (8, 9) by 

Counterbalancing condition (8001, 8002) yielded a significant group by block by 

counterbalancing interaction, F(2,42) = 4.58, p<0.05, and so data for each 

counterbalancing condition were analysed separately.

Counterbalancing condition 1
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Figure 3.2a. Counterbalancing condition 1 (S0G1 training, S0C2 alternative sequence). Graph 

showing mean RTs (ms) for each block of training and testing for practice, observation and non

practice groups on the serial reaction time task.

Figure 3.2a above shows mean RT's for each block of training and for each block 

of test for each group for counterbalancing condition 1 only. Here, participants were 

exposed to 80C1 (121342314324) during blocks 2-7 and the alternative sequence 

at block 9 was 80C2 (123413241243). The graph shows that the practice group
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appeared to have a similar level of RT elevation, between block 8 and block 9, as 

the non-practice group . Observation participants, however, show no such elevation 

brought about by the introduction of the alternative sequence in block 9. This finding 

appears to be in contrast to the findings from experiment 3.1 as therr appears to be 

no differential learning effect due to actual practice . Contrary to the previous 

experiment, the observation group showed no elevation in RT due to the 

introduction of a new sequence when compared with non-practice subjects.

A two way ANOVA comparing group (P, O, NP) by block (8, 9) yielded a significant 

group by block interaction, E(2,22) = 5.17, p<0.05, a main effect of block F(1,22) = 

7.41, p<0.05 but no main effect of group (E<1). Analysis of the simple effects of 

block for each group revealed that the practice group showed a significant increase 

in RT between block 8 and block 9, the non-practice group showed a marginal 

increase in RT between block 8 & block 9 whilst the observation group showed no 

elevation. Simple effects analysis at each block revealed a reliable difference 

between the three groups as block 9 only, E(2,25) = 7.95, p<0.05. Tukeys follow 

up tests showed that observation differed from non-practice and practice, whilst 

practice and non-practice did not differ. Although observation group performance 

at block 9 was found to differ from that of the non-practice group, figure 3.2a shows 

that observers showed a failure to show RT elevation. These results confirm that no 

sequence learning was evident following practice or observation when compared 

with non-practice group performance.

A one-way ANOVA comparing group differences between block 1 and block 8 

revealed no significant decline in RT for any of the groups E<1 and no reliable 

differences at block 1 E<1 •

Counterbalancing condition 2
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Figure 3.2b. Counterbalancing condition 2 (S0C2 training, S0C1 alternative sequence). Graph 

showing mean RTs (ms) for each block of training and testing for practice, observation and non 

practice groups on the serial reaction time task .

Figure 3.2b shows the mean RT's for each block of training and for each block of 

testing for each group for counterbalancing condition 2 only. Here, participants were 

exposed to S0C2 (123413241243) during blocks 2-7 and the alternative sequence 

at block 9 was S0C1 (121342314324). The graph shows that practice, observation 

and non-practice all showed similar elevations in RT between block 8 and block 9 

of approximately 100 milliseconds.

A two-way ANOVA comparing group (P, O & NP) by block (8,9) yielded a significant 

main effect of block F(1,19) = 110.89, p<0.05, but no main effect of group or 

interaction between group and block F<1. Analysis of the simple main effect of block 

revealed that all three groups showed a reliable and equal elevation in RT both 

between block 8 & 9, smallest, F(1,19) = 32.69, and at each block in turn. Tukeys 

follow up tests confirmed no difference between practice, observation and non

practice when participants were trained on SOC2 and were introduced to S0C1 as 

the alternative sequence during block 9.

A one-way ANOVA comparing group differences between block 1 and block 8 

revealed no significant decline in RT for any of the groups F<1 and no reliable
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differences at block 1 F<1

Error data
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Figure 3.2c. Graph shows the percentage of error made by practice, observation and non practice 

groups on blocks 8 & 9 on the serial reaction time task .

A three way ANOVA comparing Group (P, O & NP) by Block (8, 9) by 

Counterbalancing condition (S0C1, S0G2) revealed a significant main effect of 

group, F(2,40) = 3.99, p<0.05 but no main effect of counterbalancing, no main effect 

of block or interaction between group, block or counterbalancing F<1. Therefore 

the data was collapsed across blocks and counterbalancing conditions and a mean 

percentage error was calculated for each group. A Fishers LSD test revealed that 

the practice group differed from observation and non-practice, neither of which 

differed from one another.

Free Generation task
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Figure 3.2d. Graph showing the mean number of triplets which correctly adhered to the SOC 

training sequence for practice, observation and non practice groups on the free generation task 

displayed in terms of counterbalancing condition . Error bars represent SEM.

Figure 3.2d shows the mean number of correctly generated triplets which conformed 

to the SOC sequence employed during acquisition blocks of trials displayed in terms 

of counterbalancing condition. Here, observation participants can be seen to 

generate a greater number of triplets which correctly adhered to the training 

sequence in both counterbalancing conditions when compared with practice and 

non-practice. Observers also generated more correct triplets after being trained on 

8002  (123413214243) than after being trained on 8001(121342314324). The 

means imply that observation group subjects possessed greater explicit/declarative 

knowledge of the sequence on which they were trained compared with any other 

group, which was more evident after training on 8002.

A three-way ANOVA (correct x group x counter) revealed a main effect of 

counterbalancing F(1,47) = 9.23, p<0.05, but no main effect of group or interaction 

between group and counterbalancing F<1. Analysis of the simple main effect of 

counterbalancing showed that a greater number of correct triplets were generated 

in counterbalancing condition 2 (1234 in training) than in counterbalancing condition 

1 (1234 on test) regardless of group allocation.
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Discussion

Experiment 3.2 compared practice, observation and non-practice groups 

performance on both an indirect measure of serial learning, namely the serial 

reaction time task, and performance on a direct measure of serial learning i.e. the 

free generation task. In addition the alternative sequence in block 9 of the SRT task 

was altered so as not to include a randomly generated sequence which was thought 

to have contributed to depressing any elevation in RT at this stage of testing during 

experiment 3.1. In contrast with experiment 3.1, on the serial reaction time task, 

thought to assess procedural knowledge of sequences no reliable differences were 

forthcoming between any of the groups. This is contrary to a number of studies 

(Perruchet & Amorim 1992, Shanks & Johnstone 1998) which imply that the 

facilitatory effects of practice on sequence learning in this task are relatively robust. 

In addition no effect of observational learning was found on the free generation task 

implying that observation subjects did not learn declaratively.

The observed effects of the counterbalancing variable in Experiment 3.2 are likely 

to have been due to the fact that one SOC sequence contained the salient chunk, 

1234, which was employed as the training sequence in counterbalancing condition 

2 and as the test sequence (block 9) in counterbalancing condition 1. The 

possibility that this salient chunk may have been learned more rapidly in 

comparison to its alternative sequence component 1213 in S0C1 may have 

contributed to lower RT's in block 8 and higher RT's in block 9 in counterbalancing 

condition 2 relative to counterbalancing condition 1. The fact that practice and non

practice showed significant elevations in RT between blocks 8 and 9 in each 

counterbalancing condition suggests that both groups learned something in addition 

to learning about the salient chunk 1234. If learning about the salient chunk 1234 

had been the only thing learned then one would expect to have seen RT elevation 

in counterbalancing condition 2 only where the chunk 1234 formed part of the 

training sequence. This was not the case. Both SOC sequences were identical in 

their location, transition and reversal frequencies and so it can only be concluded
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that anything that was learned in addition to the salient chunk 1234 was related to 

the training sequence per se.

Looking now at observer performance on the SRT task, Experiment 3.2 provided 

no evidence of observational learning. Those observers that were employed in 

counterbalancing condition 1 showed no elevation in RT between block 8 & 9, in 

fact quite the reverse, whilst the non-practice group did show RT elevation. For 

observers' employed in counterbalancing condition 2 these participants showed 

reliable RT elevation equal to that of the non-practice group. However, a failure to 

show RT elevation in counterbalancing condition 1 but not in counterbalancing 

condition 2 suggests that the effects of learning by observation may differ from 

those following practice and non-practice. Observation could have resulted in a 

process that promoted knowledge of a type of learning about sequences which 

enabled observers' to learn the 1234 component very quickly when it was presented 

on test in counterbalancing condition 1.

Observers performance on the free generation task is consistent with this tentative 

suggestion. Observers scores on this test indicate that this group was able to 

generate as many correct triplets as the practice and the non-practice group, even 

in counterbalancing condition 1 where practice and non-practice showed reliable 

RT elevation, while observers did not. This implies that observers knowledge of the 

sequence may be differentially reflected in the SRT task and the free generation 

task while practice and non-practice is not.

The results of Experiments 3.1 and 3.2 provide no clear evidence of observational 

learning of a second order conditional sequence and suggest that the procedure 

used in these experiments may not be ideal for its detection. In addition the absence 

in both studies of a substantial decline in RT during training following practice 

suggests that in the present procedure that group practice are not doing sufficient 

learning during blocks 2-7 to provide an adequate baseline against which to 

compare the effects of observation.
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A number of changes had been made to the procedure of experiment 3.2. There 

was a change to the demonstrator in that each observation subject saw the same 

demonstrator employed in the study and, in addition, a counterbalancing condition 

was included so as to reduce the risk of parts of the original SOC sequence forming 

part of block 9 during which novel information was introduced. These measures 

were included to exert greater control and consistency of experimental conditions 

and are in line with previous studies of this nature. In terms of the experimenter 

acting as demonstrator it can only be concluded that this might contribute only 

towards maximising subjects' attention during observation sessions.

One potential explanation for the lack of any reliable differences between groups 

on the serial reaction time task and on the free generation task is discussed by 

Cohen, Ivry & Keele (1990). Cohen, Ivry & Keele suggest that particular types of 

sequences may be more difficult to learn in comparison with other types of 

sequences. They found that knowledge of sequences which are deemed 'unique' 

in structure are more readily disrupted by the introduction of novel information in the 

serial reaction time task. Unique sequences are those for which each element in the 

sequence provides a unique marker for the position of the next item of the sequence 

i.e. 1234, where a '1' always signals a '2', a '2' always signals a '3' and so on. Other 

sequence types such as those that are labelled 'ambiguous' do not show the same 

level of interference. In both experiment 1 and 2 the second order conditional 

sequence employed could be argued to be 'ambiguous' as due to its inherent 

structure each element within the sequence can potentially signal one of three 

possible dot locations. Therefore, on any one occasion it is harder for a subject to 

predict the location of the next dot presentation. This may account for the lack of 

any differential learning effect on both the SRT task and the free generation task in 

the current study. In addition, a sequence of this type may be too difficult to learn 

under observation learning conditions. If, however, subjects were exposed to a 

sequence which conforms to a 'unique' structure subjects may be able to gain 

greater knowledge of sequence structure. In addition. Berry (1991) argued that 

observational learning may be maximised under conditions where the rule by which
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the sequence is governed is salient. Although Berry's definition of saliency is a little 

vague, it can be assumed that by saliency it is meant that the conditions for learning 

are more clearly defined. That is, where the rules that govern the sequence are 

unique in structure.

To obviate the problems regarding providing an appropriate baseline against which 

to compare the effects of observation on the SRT task it was decided in subsequent 

experiments to change from a 12-item SOC sequence to a 6-item unique sequence 

following Cohen, Ivry & Keele's (1990) suggestion that unique sequences, and 

sequences with unique components, are more readily learned in the SRT task than 

SOC sequences. It was anticipated that practice would show more substantial 

evidence of learning, providing the opportunity to detect any differential 

performance on the part of observers.
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Chapter 4
Observational Learning of a Unique Sequence

4.1 Varying the amount of sequence exposure: 16 versus 8 exposures per 

block of trials: A pilot study.

Experiment 4.1 was intended as a pilot experiment to investigate the parameters 

most likely to yield superior sequence learning on the part of observers compared 

with non-practice participants with a unique, 6-item sequence. For half of the 

participants the number of sequence exposures was equated with the number of 

exposures employed in experiments 3.1 and 3.2 i.e. eight exposures per block. For 

the remaining half of the participants the number of sequence exposures per block 

was doubled to incorporate sixteen exposures of the 6-item sequence. Experiment

4.1 will investigate the effects of increasing the number of sequence exposures per 

block on observers ability to outperform non-practice group participants on the SRT 

task.

Method

Participants

Twenty-seven participants were employed in the study (18 Females, 9 Males). Age 

ranging between 18 yrs to 32 yrs. All were students at the Department of 

Psychology, UCL. All reported normal or corrected vision.

Apparatus & Materials

The apparatus employed was identical to that employed in Experiment 3.2. First, 

participants carried out the SRT task followed by two blocks of refresher trials then 

they took part in the free generation task. The training sequences employed were 

124653 (SEQ1) or 125436 (SEQ2) dependant upon group allocation.



In experiment 4.1 a change was made to the sequence employed . In order to 

ensure that each dot location provided a unique marker for the next element of the 

sequence whilst controlling for task difficulty it was necessary to alter the SRT task 

slightly. Here two six item sequences were employed; 125436 and 124653. 

Consider the sequence 125436 (SEQ1). Here a dot appearing in location 1 is 

always followed by a dot appearing in dot location 2, a dot in location 2 is followed 

by a dot in location 5 which is always followed by a dot in location 4 and so on until 

the sequence is complete. SEQ2,124653 conforms to the same rule i.e. that every 

dot location signals the appearance of one unique item within the sequence.

Participants saw six boxes which appeared across the screen in front of them, and 

in the same manner as before they were required to track the location of the dot 

using the appropriate keypresses. Here the keys employed were x, c, v, b, n, and 

m which corresponded to the position of the target boxes from left to right. Within 

any block of trials, the sequence was repeated either 8 or 16 times.

Group allocation varied along two dimensions; experience and exposure. Factor 

1, experience, comprised an observation and a non-practice group. Factor 2, 

exposure, comprised a group that received sixteen sequence exposures per block 

of trials compared with a second group who were exposed to eight sequence 

exposures per block of trials. So it followed that participants were divided into 4 

groups. Group 1 observers observed a demonstrator responding to eight exposures 

of the training sequence in line with experiment 3.2 (Observation 8), group 2 

observers (Observation 16) observed a demonstrator responding to sixteen 

exposures of the training sequence, and the final two groups formed the non

practice groups, non-practice 8 and non-practice 16 respectively. This meant that 

for those participants that received 8 exposures of the sequence per block, the 

number of trials per block amounted to a total of 48. For those that received 16 

exposures of the sequence per block the number of trials remained at 96, however, 

due to the nature of the sequence this group saw the sequence twice as often as 

those participants that had taken part in Experiment 3.2.
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Half the participants in each group were trained on SEQ1, and SEQ2 was employed 

during block 9 as the alternative sequence. The other half were trained on SEQ2, 

and SEQ1 was employed as the alternative sequence in block 9. All other details 

of the design of the task remained the same.

Procedure

Participants were tested in a manner identical to Experiment 3.2.

Standardised instructions differed only in that participants were informed that they 

would see six boxes on the computer screen. Here, they were required to respond 

to the presentation of the dots as fast and as accurately as possible with their 

fingers^remaining on the keyboard at all times. They were to respond to the x key 

using the third finger on the left hand, the c key with the left middle finger, the v key 

using the left index finger, the b key using the right index finger, the n key using the 

right middle finger and the m key using the right third finger. A practice block of 

trials was incorporated in order for subjects'^to familiarise themselves with the key 

presses required.

Results

Serial Reaction time task
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Figure 4.1 Graph showing mean RTs (ms) for each block of training and testing for observation 

(8,16) and non practice groups (8,16) on the serial reaction time task.

Figure 4.1 shows the mean RT for each block of training and each block of testing 

for the observation and the non-practice groups. For participants exposed to eight 

presentations of the sequence per block of trials it can be seen that observation 

conditions yielded a similar elevation in RT to the non-practice group. This also 

appears to be the case for participants exposed to sixteen sequence presentations 

per block of trials, with observation subjects performing at a similar level to a non

practice group. The means imply no difference between groups that had observed 

a demonstrator and groups that had not.

A four way ANOVA (block (8,9) x experience (0,NP) x exposure (8,16) x 

counterbalancing (1,2)) was applied to the data which yielded a reliable main effect 

of block, F(1,23) = 84.81, p<0.05, a significant interaction between amount of 

exposure and block, F(1,23) = 14.86, p<0.05, but no reliable main effects of 

experience, exposure, counterbalancing or any further interactions F's<1. These 

results confirmed that observers did not differ from the non-practice groups in either 

exposure condition in the elevation in RT between block 8 and block 9 thus 

providing no evidence of a differential learning effect. Therefore data was combined 

for observers and non-practice group participants across each exposure condition 

and across counterbalancing conditions in order to investigate the effect of differing 

amounts of sequence exposure on RT at block 8 and block 9.
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Figure 4.1a Graph showing the interaction block by exposure for experiment 4.1 on the SRT task.

Analysis of the simple effects of block at each level of exposure (8,16) revealed 

that both exposure groups yielded a reliable increase in RT between blocks 8 and 

9, smallest F(1,23) = 23.5, p<0.05. Comparing each exposure group at block 8 and 

9 separately found a group difference at block 8 only, F(1,31 ) = 25.91, p<0.05. This 

revealed that the group who had been exposed to sixteen exposures per block 

produced reliably lower RT's at block 8 than a group that had been exposed to eight 

exposures per block. This result confirmed that participants who had been exposed 

to sixteen sequence exposures per block learned more about, either the sequence 

on which they had been trained or about general task demands.

Comparing the effects of differing amounts of sequence exposure at block 1, 

neither the sixteen or the eight exposure group differed in their level of mean RT 

F<1. However, when looking at the decline in RT between block 1 and block 8, a 

two-way ANOVA (exposure x block) revealed a significant interaction between 

exposure and block F(1,24) = 28.73, p<0.05. Analysis of the simple effects of each 

exposure group (8,16) at each block (1 vs 8) found that participants that had been 

exposed to sixteen sequence exposures per block between block 1 and block 8 

produced a reliably greater decline in RT than participants that had been exposed 

to only eight sequence exposures per block.
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Figure 4.1b. Graph showing mean correct scores for observation and non practice groups for 16 

and 8 exposures of the sequence per block of trials on the free generation task with the new six

item sequence. Error bars represent SEM.

Figure 4.1b shows the mean number of triplets generated following participation on 

the free generation task that correctly conformed to the sequence on which 

participants had been trained following eight and sixteen exposures per block of 

trials. The means imply that for those participants that had eight exposures of the 

sequence per block of trials observers generated a greater mean number of correct 

triplets compared with a non practice group. Participants that had sixteen exposures 

to the sequence generated a slightly greater number of correct triplets compared 

with their respective non practice group.

A two factor ANOVA was applied to the data (experience x exposure), however, no 

reliable differences between experience type (O, NP), varying the number of 

exposures (8, 16) or, indeed, any interaction between these two factors was 

forthcoming F<1. These findings suggest that having greater exposure to sequence 

information has no facilitatory effect on observers ability to reproduce parts of the
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sequence on the free generation task when compared with a non practice group. 

Figure 4.1b suggests that in general, although no reliable differences between 

groups were found, that sixteen exposures produced numerically more sequence 

knowledge on this measure than did exposure to eight sequence presentations. 

This argument, however, applies equally to non practice groups as well as groups 

that had observed a demonstrator employed in the task. The greatest numerical 

difference between observation and a non practice group can be seen for subjects 

who had eight exposures to sequence information which suggests that even with a 

small level of sequence exposure declarative knowledge as measured by the free 

generation task is apparent.

Discussion

In summary, on the SRT task, it appears that varying the amount of exposure to 

sequence information produces a reliable difference in the level of procedural 

knowledge acquired about a sequence for all participants regardless of whether 

they had been required to watch a demonstrator during training trials or whether 

they had been required to complete anagrams for an equivalent length of time. This, 

however, does not appear to be the case for performance following participation on 

the free generation task where no reliable effects of the type of experience subjects 

had or the level of sequence exposure they received were found.

With regard to SRT performance, it appears that the more sequence exposure per 

block participants^ receive the greater the elevation to RT caused by the 

introduction of a alternative sequence of dot presentations in block 9 of the test 

blocks, implying greater knowledge of the sequence. Experiments 3.2 exposed 

participants to eight presentations of a SOC sequence and found no effect of 

observation on a measure of procedural knowledge. This was also found to be the 

case for observation group performance in this experiment where participants were 

exposed to sixteen exposures of the new six item sequence per block of trials. 

Nevertheless, comparing performance on the new six item sequence following eight
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versus sixteen exposures the means imply that the more opportunity there is to 

observe the sequence the more likely the introduction of a new sequence during the 

final three blocks of trials will interfere with RT's. Therefore, it is possible that 

observers can learn some procedural information but only following an increased 

amount of exposure to a sequence.

It should be noted that the number of participants in each group was small in 

experiment 4.1 and so the design was not optimal. As it was there may have been 

a confound between the number of sequence exposures participants received and 

the opportunity for practice based sequence learning. Regardless of these 

shortcomings it is evident that exposure to sixteen exposures per block is more 

likely to provide evidence of observational learning. Although there was no evidence 

of a differential observational learning effect on the SRT task in experiment 4.1 the 

fact that observers produced shorter RT's at blockê 8 & 9 suggested that some 

observational learning of the general information about the task had occurred. 

Coupled with the free generation task results which showed a numerically higher 

number of correctly generated triplets for the sixteen exposure group this raises the 

possibility that with a larger number of participants per group evidence of 

observational learning may be forthcoming.

In addition, the sequence employed in experiment 4.1 can be defined as unique in 

structure, i.e. every dot location acts to provide a unique marker for the location of 

the next dot location, in contrast to the ambiguous second order conditional 

sequence employed in experiments 3.1 & 3.2. This difference in sequence structure 

may account for the increased level of learning experienced by participants on the 

SRT task.

In conclusion, it appears that varying the number of sequence exposures per block 

of trials is insufficient to encourage observational sequence learning on the SRT 

task over and above non practice group performance. However, regardless of the 

type of experience participants received, sixteen exposures per block were found
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to generate reliably larger elevations in RT for all participants implying some 

increased knowledge of the sequence . Free generation task results tentatively 

support this claim. Experiment 4 .2 jo#"attem p^ replication of experiment 4.1 but 

including a greater number of participants per group.

4.2 Testing for a dissociation: comparing practice, observation and non

practice groups on the serial reaction time task and on a free-generation task 

with a six item unique sequence.

According to Cohen, Ivry & Keele (1990) and Berry (1991) conditions for 

observational learning may be maximised by utilising sequences which are deemed 

unique in their inherent structure and where the rule governing the order of location 

of sequence elements is salient. Experiment 4.2 will utilise the six item unique 

sequence employed in Experiment 4.1 where each element in the sequence 

provides a unique marker for the position of the next element within the sequence 

and where sixteen sequence exposures per block of trials is employed. In addition 

Experiment 4.2 will include a greater number of participants per group in order to 

maximise the chances of observing a differential observational learning effect when 

compared with a non-practice group.

Method

Participants

Twenty-seven participants took part in the study ( 14 females, 13 males). All were 

students at the Department of Psychology, U.C.L. Ages ranged from 18 yrs to 35 

yrs. All reported normal or corrected vision.

Apparatus & Materials

Both the serial reaction time task and the free generation task were employed in the
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same order and manner as they were employed in Experiment 4.1. Participants, 

firstly took part in the serial reaction time task followed after two further blocks of 

refresher blocks by the free generation task.

Three groups of subjects were employed in the study; practice (n=9) , observation 

(n=9) and non-practice (n=9). Subjects carried out the SRT task and the free 

generation task as outlined in Experiment 4.1. The experimenter took the place as 

demonstrator for participants in the observation condition. Demonstrator training on 

the new sequences was carried out as before.

Procedure

Participants were tested in a manner identical to the 16 exposure condition in 

Experiment 4.1.

Results

Serial reaction time task
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Figure 4.2. Graph showing mean RTs (ms) for each block of training and testing for practice, 

observation and non-practice on the serial reaction time task employing a  unique six-item

sequence.

Figure 4.2 shows mean RT for each block of training and each block of testing by 

group on the serial reaction time task. The means showed that practice subjects 

produced a large elevation in RT between block 8 and block 9 implying a large 

amount of interference to RT caused by the introduction of the alternative sequence 

in block 9 of the task. In contrast, observation and non-practice subjects appeared 

to show equivalent elevation in RT between block 8 and block 9 albeit that RT 

levels for observers were lower at block 8 in comparison to the non-practice group.

These impressions were confirmed following a three-way ANOVA (block x group 

X counterbalancing) which yielded a significant main effect of group E(2,21) = 4.94, 

p<0.05, a significant main effect of block F(1,21) = 111.81, p<0.05, a reliable group 

by block interaction F(2,21) = 9.76, p<0.05, a reliable counterbalancing by block 

interaction F(1,21) = 5.57, p<0.05, but no three way interaction between group x 

block X counterbalancing F<1. Analysis of the interaction between counterbalancing 

condition and block revealed that, as in Experiment 3.2, greater RT elevation 

occurred between block 8 and block 9 when the training sequence contained a 

salient chunk, in this case, 1234. The effect of counterbalancing was uniform across 

groups.

Following up the interaction of block x group, analysis of the simple effects of block 

at each level of group, practice, observation and non-practice all showed a reliable, 

but not equal, elevation in RT between block 8 and block 9, smallest F(1,21) = 

15.55, p<0.05. RT elevation was greatest for the practice group than for observation 

and non-practice which were similar. Comparing each group's performance on the 

SRT task at each block in turn, at block 8 Tukeys follow up tests revealed that the 

practice group produced faster RT's than the observation group which produced 

faster RT's than the non-practice group. Tukeys tests at block 9 found that the 

practice group produced faster RT's than non-practice, and the observation group
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produced faster RT's than both the practice and non-practice groups. This 

confirmed that practice was more effective than non-practice and observation in 

promoting sequence learning, whilst observation did not differ from non-practice.

No group differences were apparent at block 1 of training F<1. A two way ANOVA 

comparing RT saving between block 1 and block 8 of the SRT task yielded a main 

effect of block F(1, 25) = 7.51, p<0.05, a reliable group x block interaction E(2,25) 

= 3.9, p<0.05 but no significant main effect of group F>1. Analysis of the interaction 

of group by block revealed that both the practice and the observation group showed 

reliable RT saving between block 1 and block 8, smallest F =10.2. Thus, although 

this implies evidence of learning on the part of observers, it can only be concluded, 

on the basis of the similarity of RT elevation between block 8 and block 9 with non

practice group performance, that observers merely acquired knowledge of general 

task demands.

Error data

4.5 
_ 4

1 3.5
d>o>
2 
Su
o a 
c ro 0)

3
2.5 

2 -
1.5 

1

0.5
0

Practice Observation

Group

Non-Practice

Figure 4.2a Graph showing the interaction block by exposure for experiment 4.1 on the SRT task.

A three way ANOVA (group x block x counterbalancing ) of the errors yielded a 

significant main effect of block F(1,21) = 4.94, p<0.05 but no main effect of group,
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counterbalancing or interactions between these factors. Due to the fact that there 

are only two levels of the factor, block, it was concluded that regardless of group 

allocation there was a reliable increase in the number of errors made at block 9 (see 

figure 4.2a)

Free generation task
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Figure 4.2b. Graph showing the mean number of triplets which correctly adhered to the SEQ 

training sequence for practice, observation and non practice groups on the free generation task with 

a new six item unique sequence. Error bars represent SEM.

Here, the observation group managed to replicate a mean of 56 triplets which 

conformed to the sequence on which they were trained compared with practice 

group subjects who replicated a group mean of 55.11 triplets. 'Correct' scores for 

these two groups contrasted sharply with non-practice group performance where a 

group mean of 17.78 correct triplets is reported. From the means it appears that 

both the observation group and the practice group performed at a similar level.

These impressions were confirmed following a Three-way ANOVA (fg x group x 

counterbalancing condition) which yielded a significant main effect of group F(2,26) 

= 4.4, p<0.05, but no effect of counterbalancing and no interaction between the two
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factors E>1 • A Fishers LSD test on the group differences revealed that practice and 

observation did not differ in the number of correct triplets they generated but both 

practice and observation differed from non-practice. The fact that observers reliably 

outperformed non-practice participants on this measure suggests that declarative 

sequence knowledge was apparent under observational conditions.

Discussion

Experiment 4.2 employed a change to the original SOC sequence making the new 

six item sequence unique in structure, i.e. each dot location signalling only one 

other dot location, in an attempt to maximise learning conditions for all groups. In 

addition a free generation task was introduced in order to investigate suggestions 

that there is a possible dissociation in performance between indirect and direct 

measures of testing.

Results appeared to support this suggestion. Practice participants outperformed 

both the observation group and the non-practice group on the S R I task evidenced 

by a reliable increase in RT between block 8 and block 9. The observation group 

displayed no evidence of procedural learning on this measure when compared with 

the non-practice group. However, both the observation group and the practice 

group were found to reproduce reliably more triplets on the free generation task 

compared with a non-practice group. Can these findings be regarded as evidence 

of a true dissociation in performance between indirect and direct measures of 

testing following observation?

On the free generation task in experiment 4.1 there was no effect of observation. 

In both cases, participants were exposed to sixteen opportunities to observe the 

sequence per block of trials. Why is it that an observation effect was forthcoming 

in experiment 4.2 but not in experiment 4.1 on the free generation task? Firstly, it 

is difficult to control for observer behaviour during training on the sequence. It is 

impossible to know how much time a participant devotes to watching the movement
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of the dots on the computer screen or the fingers movements of the demonstrator 

or indeed how much attention to the task they are allocating as a whole. Other 

factors such as model status, difference in age between demonstrator and subject, 

sex of the subject have all been found to influence the observational experience, 

some positively and some negatively (McCullagh 1986). Any subtle changes 

between the two experiments may have resulted in a confusion of the conditions 

under which observation learning can take place. The issue of a conflict in 

attentional resources between observation of the dot movements and the finger 

movements of the demonstrator will be reserved for a later chapter.

A second suggestion as to why an observation effect occurred here in experiment

4.2 relates to the three blocks of trials (10,11,12) which typically separate the SRT 

task and the free generation task. Three blocks of differential trails, observation for 

the observers and anagrams for the non-practice group, may have resulted in 

observers obtaining all the declarative knowledge they required to outperform non

practice group participants after they had completed the SRT task. Experiment 4.3 

was designed to investigate this possibility. In Experiment 4.3 the refresher blocks 

were removed in order to assess the effects of their removal on free generation task 

performance. If, under these circumstances, observation does not generate more 

correct triplets than non-practice on the free generation task then it would suggest 

that the declarative learning seen in Experiment 4.2 occurred during these interim 

blocks. Experiment 4.3 replicated the procedure for observation and non-practice 

in 4.2 while excluding the differential training blocks between the SRT and free 

generation task.

4.3 Removing the Refresher Blocks 

Method

Participants
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Twenty participants took part in the study (12 females, 8 males). All participants 

were students at the Department of Psychology, University College London. Age 

ranged from 18 years to 28 years. All subjects reported normal or corrected vision. 

Subjects were divided into two groups, observation (n = 10) and non-practice (n = 

10).

Apparatus & Materials

The serial reaction time task and the free generation task were employed 

incorporating the new six item unique sequences SEQ1 125436 and SEQ2 124653 

resulting in 16 sequence exposures per block of trials. The design differed in one 

respect from Experiment 4.2. Here, the refresher blocks, which followed testing on 

the SRT task and in all previous studies were placed immediately prior to the free 

generation task, were removed. Therefore, participants completed seven blocks of 

trials according to group allocation (observation, non-practice), then completed two 

test blocks of trials on the SRT task and then immediately afterwards completed the 

free generation task.

Half of the participants were trained on SEQ1 and half were trained on SEQ2 using 

the relevant alternative sequence in block 9 of testing on the SRT task. All other 

details relating to the design of the experiment remained the same as Experiment 

4.2.

Procedure

Participants were tested in a manner identical to those employed in all previous 

studies. Standardised instructions differed only in that they excluded information 

about refresher block requirements. Once again, participants were required to either 

watch a demonstrator or complete anagrams during training on the SRT task which 

was then followed immediately by their participation on the free generation task.
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Results
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Figure 4.3. Graph showing mean RT for each block of training and testing for observation and non 

practice groups on the serial reaction time task with the new six item sequence.

Figure 4.3 illustrates the mean RT's for both the observation and non practice 

groups for block 1 of training and blocks 8 and 9 of testing on the SRT task. The 

means suggest that observing a demonstrator employed in the SRT task appears 

to have no facilitatory effect on sequence learning over and above non practice. 

That is, the elevation to RT's following observation, brought about by the 

introduction of an alternative sequence in block 9 of the SRT task, is similar to non

practice group performance who completed a distracter task in the interim period. 

However, the group mean elevation for non practice subjects, in comparison to 

previous studies, does appear to be inflated which arouses some cause for concern.

The results of a three-way ANOVA (block x group x counterbalancing condition) 

yielded a reliable main effect of block F(1,16) = 68.51, p<0.05, a significant 

counterbalancing by block interaction F(1,16) = 6.03, p<0.05, but no reliable main 

effects of group, main effect of counterbalancing or any other interactions between 

the factors F<1. Analysis of the interaction between counterbalancing and block 

revealed that RT's showed greater elevation when the alternative sequence in block
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9 was 125436. This sequence contained a greater number of adjacent moves 

between sequence items, and more moves across >2 intervening locations than the 

sequence 124653 employed during training. Analysis of the main effect of block, 

revealed that RT increased significantly between blocks 8 & 9 but was equivalent 

for both observation and non-practice.

A t-test comparing mean RT at block 1 of the SRT task revealed no difference 

between observation and non-practice, t (18)= 2.03, p>0.05.

Free generation task
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Figure 4.3a. Graph showing the mean number of triplets which correctly adhered to the training 

sequence for observation and non practice groups on the free generation task with the six item 

sequence following removal of the refresher blocks . Error bars represent SEM.

On the free generation task mean correct triplets (groups of three sequence items) 

were calculated for each group. Observation subjects typically reproduced fewer 

triplets which adhered to the training sequence compared with the non,practice 

group. The non practice group reproduced slightly more correct triplets than did
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observation subjects although this is not typical of their general performance in 

previous studies on this measure. This numerical anomaly is also reflected in non» 

practice group performance on the SRT task.

A three-way ANOVA (fg x group x counterbalancing condition) yielded no main 

effect of group, and no effect of counterbalancing condition F<1.

Discussion

Following removal of the refresher blocks which separate the SRT task and the free 

generation task no differential effect of learning under observational conditions was 

forthcoming on the free generation task. Due to the fact that observers did not show 

greater elevation in RT than the non-practice group on the SRT task, there was no 

opportunity to observe the dissociation in performance between SRT and FG 

measure. This finding is in direct contrast to the observation effect found in 

experiment 4.2 and lends further support to the notion that the inclusion of these two 

extra blocks of trials may contribute to subjects' ability to correctly reproduce parts 

of the training sequence following employment on the SRT task. However, if we 

look at the findings from experiment 4.1, data from the 16 exposure group only, no 

differential effect of observation was found on the free generation task in line with 

the present study. This contradiction suggests that further investigation of the role 

of refresher blocks in encouraging good observer performance on the free 

generation task is required. Absence of a group effect on the SRT task may have 

been due to some subjects who had performed the task previously slipping into the 

non-practice group. Unusually, non practice group performance on this measure 

was slightly, although not reliably, better than subjects that had observed a 

demonstrator during training following refresher block removal.

Refresher blocks are routinely used in all studies of implicit learning where the 

study incorporates both the RT measure and the free generation task. Generally it 

is supposed that refresher blocks are essential to counteract the interference
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caused following the introduction of novel information during the RT measure and 

return subjects performance back to the level it was at following the training phase. 

The lack of an observation effect in this experiment during the free generation task 

may have occurred not as a result of removal of the refresher blocks but due to a 

persistence in interference following the introduction of a new sequence during the 

test blocks on the RT measure which carried over to affect free generation task 

performance. Coupled with the fact that under similar experimental conditions in 

experiment 4.1 no effect of observation was forthcoming on the free generation task 

the issue of refresher blocks warrants further investigation. The following 

experiment will address this issue directly by comparing subjects under 

observational conditions on either the RT measure alone or the free generation task 

alone by adopting a different, between subjects approach.

4.4 Comparing knowledge of sequences on the SRT task and the free 

generation task using a between subjects procedure

Method

Participants

Thirty-nine participants were employed in the study ( 20 Females, 19 Males). Age 

ranged from 18 years to 44 years. All participants were students at the Department 

of Psychology, University College London. Participant details were identical to those 

employed in all previous studies. The non practice group produced scores for both 

the SRT task and the free generation task respectively.

Apparatus & Materials

The serial reaction time task and the free generation task were employed 

separately according to group allocation. Half of the observer participants took part 

in the SRT task and the other half took part in the free generation task. Participants
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that took part in the free generation task firstly watched a demonstrator employed 

in the training phase of the SRT task (blocks 1-7) and then carried out the free 

generation task immediately afterwards. SRT task participants went on to carry out 

three further blocks of trials themselves which incorporated a change in the 

sequence in block 9. Non practice participants were employed in both the SRT task 

and the free generation task, half of these subjects completed the free generation 

task first and formed the comparison group for observer participants who had 

completed the free generation task only and the other half completed the SRT test 

blocks first and formed the concomitant group for observers who completed the SRT 

task only. All other aspects of the apparatus and data collection were identical to 

that employed in previous studies.

Procedure

All participants were informed that they would be required to track the movement of 

a dot which would appear in one of six boxes presented on the computer screen in 

front of them. Standardised instructions were provided to participants as before. 

Further instructions were provided relevant to group assignment; observation group 

indirect (OBSind) would be required to watch a demonstrator track the dot for six 

blocks of trials and then would be required to complete two further blocks 

themselves, observation group free generation (OBSfg) were to watch a 

demonstrator during six blocks of trials and then complete the free generation task 

themselves, and the two non practice groups were to complete anagrams for an 

equivalent period of time and then complete the final two blocks on the SRT task or 

the free generation task in the order specified by the experimenter.

Results

Serial reaction time task
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Figure 4.4 Graph showing mean RT for each block of training and testing for observation and non 

practice groups on the serial reaction time task with the new six item sequence adopting a between

subjects procedure.

Following a box-plot analysis subject 20's data (non practice group) was excluded 

from analysis as the mean elevation in RT between block 8 & 9 for this subject was 

found to fall beyond three standard deviations away from the group mean and so 

can legitimately be considered as an outlier.

Figure 4.4 shows that the introduction of an alternative sequence in block 9 of the 

SRT task produced a larger elevation in RT for the observation group implying 

greater interference to RT's following the presentation of an alternative sequence. 

The magnitude of elevation also implies that observers acquired good knowledge 

of the training sequence which was reflected in the changes to RT values during 

block 9. In comparison the non practice group produced a much lower elevation in 

RT. Comparing the performance of the two groups on this measure suggests that 

observation of a demonstrator on the SRT task facilitated sequence learning to a 

greater extent than did non practice which resulted in observers experiencing 

greater sensitivity to a change in sequence.

These impressions were confirmed following a three way ANOVA ( block x group 

X  counterbalancing condition) which yielded a significant group x block interaction,
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E(1,34) = 9.09, p<0.05. No other main effects or interactions were forthcoming £<1. 

Analysis of the simple effects of group by block revealed that observers showed a 

reliable increase in RT between block 8 and block 9 F(1,34) = 6.3, p<0.05 whilst the 

non-practice group showed no such elevation, F>1. Simple effects analysis at each 

block revealed a group difference at block 9 only, (0=NP at block 8) where 

observers were found to produce significantly higher RT's compared with the non

practice group. The finding that observers showed a differential learning effect over 

and above that of no-practice suggests that observers gained some procedural 

knowledge of the sequence on this measure. Analysis of the number of errors made 

between block 8 & block 9 (block x group x counterbalancing condition) yielded a 

reliable main effect of block, F(1,34) = 22.89, p<0.05 but no further main effects or 

interactions between factors. This revealed a reliable increase in the number of 

errors made at block 9 regardless of group allocation which is contrary to the 

greater number of errors on the part of observers one might expect.

A t-test comparing RT at block 1 of training revealed no differences between 

observation and non-practice, F<1.

Free generation task
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Figure 4.4a. Graph showing the mean number of triplets which correctly adhered to the training

10



sequence for observation and non practice groups on the free generation task with the six item 

sequence adopting a between subjects procedure . Error bars represent SEM.

Figure 4.4a illustrates the mean correct number of triplets generated which conform 

to the original training sequence for both the observation group and the non practice 

group on the free generation task. The graph shows that subjects who observed a 

demonstrator throughout the training phase of the SRT task reproduced a greater 

number of correct triplets compared with the non practice group. The means imply 

that observation conditions resulted in knowledge being gained about the sequence 

which allowed subjects in this group to reproduce parts of the sequence that they 

saw during training, compared with a group that received little opportunity to learn 

and subsequently showed little evidence of learning.

Following a three-way ANOVA (fg x group x counterbalancing condition), analysis 

yielded a marginally significant main effect of group F(1,37) = 3.58, p = 0.06, no 

effect of counterbalancing and no interaction between group and counterbalancing. 

This result confirmed that observers reproduced marginally more correct triplets on 

the free generation task than the non-practice group, albeit not statistically 

significant at the 0.05 level.

Discussion

On the SRT task, reliable group differences in performance were found between 

observers that watched a demonstrator involved in the task compared with non

practice participants that received little opportunity to learn sequence information. 

Here, observers showed significantly greater sensitivity to the introduction of a new 

sequence in block 9 of the SRT task implying knowledge of the sequence on which 

they had been trained. Experiment 4.4 lends further support to the view that 

procedural knowledge about sequences can be acquired under observational 

conditions (see experiment 4.1) although this effect appears to be far from robust.

Performance on the free generation task in this experiment was disappointing as
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the means implied a potential difference in the two groups ability to correctly 

reproduce parts of the original training sequence. Statistical analysis showed any 

numerical difference to be only marginally reliable. Nevertheless this finding does 

lend further support to the notion that observer performance on the free generation 

task, may to some extent, be due to the inclusion of the refresher blocks in 

experiment 4.2.

These results suggest that when observers are required to complete the free 

generation task only, and the risk of contamination brought about following SRT 

testing is eliminated, observation conditions are insufficient to allow participants to 

reproduce parts of the training sequence. If we consider findings from experiment 

4.3 where refresher blocks were removed, these results taken together confirm that 

any observation effect found in experiment 4.2 may have been as a result of 

refresher block intervention alone and not as a result of the formation of declarative 

knowledge.

General Discussion

The experiments in this chapter are designed to examine the role of refresher 

blocks and their potential contribution towards the emergence of an effect of 

observational learning in experiment 4.2. Experiment 4.3 addressed this issue 

directly by removing the refresher blocks, which are typically in experiments of this 

nature, placed immediately following SRT task testing and prior to completion of the 

free generation task. No effect of observation was forthcoming on the free 

generation task following refresher block removal implying at this stage that their 

inclusion in experiment 4.2 may have resulted in creating a window for extra 

learning and subsequent good performance on the free generation task for this 

group. Typically refresher blocks are included to counteract any interference caused 

by the introduction of a new sequence in block 9 of the SRT task and so it was 

suggested that a lack of an observation effect on the free generation task in 

experiment 4.3 may be due to a carry over effect and not as a direct result of
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removal of refresher blocks. Therefore experiment 4.4 resolved this problem with 

one group of observers participating in the SRT task alone and a second group of 

observers participating in the free generation task alone. Observers on the free 

generation task in experiment 4.4 did not reliably produce more correct triplets 

compared with a non^ractice group, once again lending support to the hypothesis 

that refresher block inclusion following SRT testing was to some extent responsible 

for evidence of sequence learning on the free generation task.

Studies of observational sequence learning (Funke & Miller 1988, Berry 1991)

have often argued that learning achieved under observation conditions is analogous

to that carried out explicitly or declaratively in the same way as is learning

employing strategies such as mental practice or Imagery. That is, observational

conditions force participants to actively search for the rule and so these individuals

may be more able to verbalise sequence knowledge compared with a group that are

required to use the keyboard to respond. This being so, it is disappointing that

observation was found to facilitate reproduction of triplets of the original training

sequence on a measure of declarative learning on only one occasion in the

previous experiments. It was hoped that a change of sequence from a second order

conditional sequence (ambiguous) to one which could be considered to be unique

in structure might have encouraged observational learning. Schmidtke and Heuer

(1996), however, may be able to account for this lack of a robust effect in that they

found that variations in experimental conditions e.g. the nature of secondary tasks
a

or the nature of the task itself can Effect how different sequence types are acquired. 

For instance they found that under certain conditions learning of unique sequences, 

can be as difficult as acquiring knowledge about ambiguous sequences.

More likely an explanation for the lack of a re-emergence of an observation effect 

on the free generation task may relate to the type and nature of the learning 

experience observers receive during employment in the task. Some control was 

made following experiment 3.2 for demonstrator behaviour by having one 

demonstrator only but little or no control was made over observer behaviour. All
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observers were instructed to watch carefully both the movement of dots on the 

screen and the finger movements of the demonstrator, yet it is impossible to say 

how much attention observers payed to each. Any confusion that may have arisen 

between the information gained from watching the computer screen and the 

information gained from watching the finger movements of the demonstrator on the 

keyboard may have resulted in conditions similar to those seen under dual task 

conditions with attention being diverted away from important declarative information 

required to elicit observational learning. The following chapter will address the issue 

of stimulus versus response learning directly.

On the SRT task in experiment 4.4, observers were also found to be sensitive to 

the introduction of a new sequence in block 9 of the test blocks which was reflected 

by reliable increases in RT's. This implied some procedural knowledge of the 

training sequence. This effect lends further support to findings emanating from the 

pilot experiment 4.1 where there was evidence of procedural knowledge following 

changes to sequence structure (16 vs 8 exposures per block). Jacoby (1991) 

argued that we should be wary of the distinction made between tests that claim to 

assess procedural knowledge and those which claim to assess declarative 

knowledge. He argues that the distinction made is merely a task distinction and we 

should be cautious when interpreting results. This may be true and observer 

performance on the SRT task in experiment 4.4 may reflect badly on the ability of 

the SRT task to measure procedural knowledge. On the other hand, observer 

performance on the SRT task in experiments 4.4 may truly reflect the formation of 

procedural knowledge for these subjects.

Experiments in the following chapter will attempt to ascertain more clearly the 

nature of the task components that are important to participants who are required 

to learn under observational conditions. Experiment 5.1 & 5.2 will address two 

issues; Experiment 5.1 will ask, whether, following observation of a six-item 

sequence, participants are learning about the order in which the stimuli appear at 

various locations on the computer screen, or alternatively whether they are learning
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about the order in which the key responses are made. Experiment 5.1 focuses 

specifically on the identification of the inputs (on screen vs from demonstrator 

action's) which are necessary and sufficient for observational sequence learning 

to occur as measured by the SRT and the free-generation task. Experiment 5.2 

poses a different but related question and asks how the inputs necessary for 

observational sequence information are coded, i.e. perceptually or motorically. 

^Stadler ^989) argues that perceptual and motor processes can develop 

independently, a view opposed by Willingham et al (1989) who suggests that both 

perceptual and motor processes are inextricably linked.
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Chapter 5
Investigating Perceptual And Motor Contributions To 

Observational Sequence Learning.

Since Berry (1991), many studies, investigating potential dissociations in task 

performance between knowledge that is gained following direct practice on a task 

and knowledge gained following observation of a demonstrator involved in a task, 

have argued that action, actually participating in a task by making appropriate 

responses, may be integral to serial learning. Two main issues have arisen from this 

hypothesis. The first is a question about the nature of the inputs required to acquire 

observational sequence learning i.e. stimulus learning or learning about actual 

responding, which will be addressed in Experiment 5.1, whereas the second issue 

relates to the way in which this information is coded and stored i.e. perceptually or 

motorically. Two theoretical camps have since formed, one position arguing a 

response learning hypothesis which states that the information essential for serial 

learning to occur is stored in terms of a motor code and is quite a separate process 

from the type of knowledge gained perceptually and stored in terms of a perceptual 

code (Stadler 1989), and a second which proposes that motor and perceptual 

processes are inextricably linked (Willingham et al 1989). There is at present 

equivalent evidence for both viewpoints. However, my own studies to date suggest 

that the latter proposition may be true and in light of observation subjects' 

performance on the SRT task in experiments 4.1 and 4.4, motor and perceptual 

processes may both have a part to play in accounting for the formation of 

procedural knowledge of a sequence for observation subjects on more than one 

occasion. If, on the other hand, observational sequence learning is, or can be, 

shown to be predominantly based on exposure to demonstrator's key presses, it 

raises the possibility that observational sequence learning is motor learning i.e. that 

the critical input is demonstrator responding AND the information is also stored in 

a motor code. This possibility, that information acquired by observation is stored in 

the form of a motor code, is addressed by Experiment 5.2.
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5.1 Learning about stimuli or responses on the SRT task for observer 

participants.

Method

Participants

Forty participants were employed in the study comprising of 19 (females and 21 

Mâles. Ag^ranged from 18 years to 32 years. All participants reported normal or 

corrected vision. Participants were further divided into four groups of ten people. 

The 'hands only' group observed only the finger movements of the demonstrator 

throughout the task, the 'screen only' group observed only the movement of the dot 

between the six boxes on the computer screen, the 'both hands and screen' 

observer group saw both the finger movements of the demonstrator and the 

movement of the dot on the computer screen and the non-practice group completed 

anagrams.

Apparatus & Materials

Identical to previous studies, the serial reaction time task and the free generation 

task were employed using the six item sequences SEQ1 and SEQ2. As before, 

participants were either trained on SEQ1 with SEQ2 being employed as the 

alternative sequence in block 9 of the SRT task, or participants were trained on 

SEQ2 with SEQ1 being employed as the alternative sequence.

The design of Experiment 5.1 differed from previous experiments according to the 

nature of the observation experience. Hands only participants were allowed only to 

see the hands of the demonstrator as she responded to the location of the dots on 

the computer screen. For this group the computer screen was shielded from 

observers by a hood which extended 9' x 5' on all sides around the computer screen 

and ensured that an observer's view of the screen was obliterated. The
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demonstrator was still able to see the screen if sat directly in front of the computer. 

Hands only participants were, however, still able to see the finger movements of the 

demonstrator on the computer keyboard.

The screen only group, on the other hand, were unable to see the finger 

movements of the demonstrator but were allowed full visual access to the computer 

screen and the location of the dots as they moved between the six boxes. The finger 

movements of the demonstrator were shielded from the observer by a raised cover 

(5'x9'x18') which was placed over the keyboard. The cover extended far enough 

over the hands of the demonstrator so as to hide any skeletal movements further 

up the hand and wrist which may have provided clues as to which fingers were 

being used at any one time.

The Hands and Screen group (labelled as Both) were allowed full visual access to 

both the finger movements of the demonstrator and the location of the dot 

movements on the computer screen, identical to the procedure employed in all prior 

experiments. A fourth and final, non practice group completed anagrams for 

approximately seven minutes during the time it took for other groups to complete the 

training phase on the SRT task.

Procedure

All participants were seated at a comfortable distance from the computer console. 

Standardised instructions were provided which informed the participant that firstly 

they would be required to take part in the SRT task which would be followed by the 

free generation task.

Instructions and the procedure differed from previous experiments only with respect 

to group allocation. All participants carried out one block of sequence trials 

themselves regardless of group, then the Hands only group were told they would 

be required to watch only the finger movements of the demonstrator and would not
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have access to any information provided via the computer screen. They should 

concentrate as hard as possible on those finger movements and pay full attention 

the changes in finger usage. The Screen only group were informed that they would 

be required to watch a dot move between six boxes on the computer screen and 

they should pay attention to its location at any one time. Group Both were informed 

that they should divide their attention between the movement of a dot on the 

computer screen and the movement of the fingers of the demonstrator on the 

keyboard and finally the non practice group were asked to complete anagrams for 

approximately seven minutes which is the time it took for the demonstrator to 

complete six blocks of sequence trials on the SRT task for the other three groups.

Once the observation session was completed, all groups completed the two test 

blocks 8 & 9 followed by their employment in the free generation task.

Results & Discussion

Serial reaction time task
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Figure 5.1 Graph showing mean RT for each block of training and test for observation groups; 

hands only, screen only and both hands and screen and a non practice group on the serial reaction

time task with the new six item sequence.
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Referring to Figure 5.1 above, it can be seen that the elevation in RT between 

block 8 & 9 is similar for all groups regardless of whether they saw the hands of the 

demonstrator, the computer screen, both hand and screen or had formed part of the 

non-practice group.

These impressions were confirmed following a three way ANOVA (block x group 

X counterbalancing condition) which yielded no statistically reliable differences 

between groups (F<1), no group by block interaction, only a block by 

counterbalancing interaction, F(1,32) = 12.16, p<0.05. Therefore it was concluded 

that, regardless of whether observers saw the responses made by the demonstrator 

or the sequence of dot presentations on the computer screen or both the hands and 

the screen simultaneously, observation had little facilitatory effect on participants* 

ability to learn about the training sequence over and above a non practice group on 

an implicit measure of sequence knowledge. Groups were found not to differ at 

block 1 F<1. Analysis of the errors made by each group at block 8 & 9 yielded a 

main effect of block, F(1,32) = 6.43, p<0.05. This revealed, as there were only two 

levels of the factor block, that all groups made more errors in block 9 in comparison 

to the percentage of errors made during block 8.
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Figure 5.1a Graph showing the interaction between block and counterbalancing condition.

Analysis of the simple effects of block by counterbalancing condition revealed that,
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similar to Experiments 4.2 and 4.3, greater elevations in RT were observed for 

counterbalancing condition 2 where the sequence 125436 was introduced in block 

9 and the sequence 124653 was employed throughout training. This effect was 

uniform across groups.

Free generation task
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Figure 5.1b. Graph showing the mean number of triplets which correctly adhered to the training 

sequence for observation groups, hands only, screen only and both hands & screen compared with 

a non practice group on the free generation task with the six item sequence . Error bars represent

SEM.

Figure 5.1b shows the mean number of correctly reproduced triplets (groups of 

three sequence items) for each group on the free generation task. On this measure, 

hands only observers who only saw the finger movements of the demonstrator 

produced a greater number of correct triplets compared with the screen only group 

and the both hands & screen group respectively. Comparing each observation 

group with non practice group performance the means imply that on the free 

generation task observation of hands only, screen only and both hands and screen 

all facilitated reproduction of original sequence items to a much larger extent than 

did subjects in the non practice group.
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These impressions were confirmed following a one way ANOVA which yielded a 

significant main effect of group F(3,39) = 4.522, p<0.05). Fishers LSD tests 

revealed that the hands only group and the screen only group each differed reliably 

from the non practice group. The group that had observed both hands & screen 

were found to be marginally different from the non practice group. None of the 

observation groups were found to differ from one another.

These data demonstrate that simply watching the finger movements of the 

demonstrator is sufficient for sequence learning on a declarative measure of 

sequence learning. That is, it is possible to learn about the order in which the dots 

are presented from demonstrator responses alone without any need for access to 

the stimuli on the computer screen. Conversely, it is also possible to gain sequence 

information by merely watching the stimulus move between the six boxes on the 

computer screen without subjects requiring any contact with the computer keyboard. 

This pattern of results is consistent with the view that stimulus exposure and 

response exposure may be important for observational sequence learning and can 

occur independently (Howard et al 1992). However, the difference in performance 

between the group that saw both hands & screen and the non-practice group also 

suggests that the processes responsible for response and stimulus learning may 

also develop simultaneously.

Willingham(1989), however, argues that perceptual and response processes are 

inextricably linked which implies that one process cannot occur without the other, 

a view not wholly supported by this data. Group hands only and group screen only 

performance has already confirmed otherwise. Typically this analysis is performed 

on implicit measures of sequence learning but maybe, on a declarative measure of 

sequence learning observers are able to make use of both response information 

and information about stimuli independently or if required using a combination of the 

two. The fact that observer performance in group hands and screen is depressed 

in relation to that of the hands only group & the screen only group performance 

suggests that combining the two processes may result in observers having to divide
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attention between response information and information about stimuli evidenced by 

lower RT's for participants in this group. That is, assuming that attention was 

divided equally between the two. It is difficult to say, as it is in previous studies, 

whether participants in the group that saw both hands and screen are dividing their 

attention equally between response and stimulus information although the 

equivalent performance for groups hands only and screen only suggests that if 

participants are given no choice then both sources of information are equally as 

useful. Therefore, it is fair to say that some participants in the group that saw both 

hands and screen may have predominantly focused on the finger movements of the 

demonstrator whilst others may have predominantly focused on the stimuli on the 

computer screen. This leaves any conclusions regarding the debate surrounding 

the response and perceptual learning hypotheses on either implicit or explicit 

measures inconclusive at present. This demonstration that response exposure is 

sufficient to support observational sequence learning on the free generation task 

raises the possibility that it is motor learning that may be predominantly responsible 

for learning by observation. Experiment 5.2 will test this hypothesis.

5.2 Transfer task, are practice and observation subjects storing information 

they acquire during employment on the SRT task in terms of a motor or 

perceptual code?

In Experiment 5.1 in this chapter observers were found to learn about a sequence 

following observation of both response and stimulus information independently 

although there is still some question as to the nature of information gained by a 

group that receives both response and stimuli information simultaneously. In 

addition a practice group allowed to respond throughout the SRT task was not 

included there and consequently it is not possible to compare learning under 

practice conditions with those following observation.

Experiment 5.2 investigates further the importance of response and stimulus
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information on observer performance on both implicit and expîit^it measures of 

sequence learning. In particular, this experimentJtV^lf^tempf to ascertain which 

process, if any, predominates when both response and stihnulus information is 

available simultaneously and how this information might be stored.

Experiment 5.2 was inspired by Stadler (1989) who required participants to take part 

in two transfer tasks following a task devised to measure rule learning. The first 

transfer task made changes to the perceptual information participants received by 

altering the position of the stimuli on test. The second transfer task made changes 

to the nature of the responses that participants were required to make to the stimuli 

on test thus altering the motor program. Stadler found that the greatest interference 

to RT's was for participants who received a different stimulus presentation, which 

were similar to the level of interference in RT's following a change in the sequence. 

This implied that knowledge of the rules of the task were predominantly coded in 

terms of perceptual processes and that perceptual processes can develop 

independently. This result is contrasted by Willingham et al (1989) who ran a 

transfer task which allowed participants to either gain perceptual knowledge or 

response knowledge alone. The data demonstrated that participants in both a 

response learning condition and a stimuli learning condition showed no effect of 

transfer following a change in the sequence which implied that perceptual and motor 

processes may be operating simultaneously.

Therefore, in experiment 5.2, following employment on the SRT task and the free 

generation task both practice and observation groups were subjected to a transfer 

task similar to that employed by Stadler (1989). The first transfer task made 

changes to the stimulus presentation whilst maintaining response information and 

the second transfer task made changes to the responses made whilst maintaining 

stimulus presentation. If as Stadler suggests practice participants code rules 

predominantly via perceptual processes and perceptual processes can develop 

independently then any change to the presentation of stimuli should result in 

interference to RT's when responding to the location of dots in their new orientation.
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The interference caused to RTs should be equivalent to the interference caused to 

RT's when a stimulus change is accompanied by a change in sequence, and to a 

greater extent than following a response change. Conversely if response 

information and stimulus information are both integral to learning about rules as 

Willingham suggests, then participants responding via the keyboard throughout the 

SR I task should show equivalent interference to RTs following changes made to 

both stimulus and response information. This result should further be evidenced by 

equivalent levels of interference to RT's When a change of sequence is introduced. 

In the case of observers, Howard et al (1992) suggests these participants may be 

learning about stimuli and responses supported by the data from experiment 5.1 in 

this section. Therefore any subsequent changes to stimulus presentation or the 

nature of the responses observers are required to make to stimuli should result in 

an increase in RT's under both conditions on transfer. Similarly, when stimulus and 

response changes are accompanied by a change in the sequence, RT's should 

increase to the same extent as they did following a stimulus and a response change 

alone.

Method

Participants

Thirty five participants were employed in the study ( 18 females, 17 males). All 

participants were undergraduate students at University College London. Age ranged 

from 18 years to 27 years. All participants reported normal or corrected vision. 

Participants were divided into three groups, practice (n=12), observation (n=11) and 

non-practice (n=12).

Apparatus & Materials

Two additional tasks were included. The first, the stimulus transfer task presented 

the six boxes in a vertical orientation on the computer screen which was different
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to the horizontal orientation participants were familiar with. The stimulus transfer 

task consisted of two blocks of trials. Block one (Sno) presented the six boxes in 

their new orientation where the rule governing the sequence remained the same as 

it did during training, whereas block 2 (Schange) presented the six boxes in their 

new orientation but the sequence altered to incorporate the alternative sequence 

and so provide a measure of sequence knowledge. It was necessary to include 

block 1 of the transfer task as a baseline with which to compare any changes in RT 

brought about by the introduction of the alternative sequence in block 2 of this task. 

This way an assessment of perceptual knowledge of the original training sequence 

following a change to stimulus presentation could be made.

Subjects were required to respond to the boxes using the x, c, v, b, n & m keys as 

before. The x key could be used to respond to the box at the top of the screen, the 

c key could be used to respond to the next box down the screen, the v key to the 

box below that and so on. Therefore this condition maintained the responses 

participants were required to make to the stimulus but altered the stimulus 

presentation.

The second transfer task required participants to respond to the keys x, c, v, b, n 

& m this time using different fingers to make the responses. In all previous studies 

participants responded to the x & m keys using the third fingers on the left and right 

hand respectively, the c & n keys the middle fingers on the left and right hand 

respectively and the b & n keys the left and right index fingers. During blocks 1 & 

2 on the response transfer task participants were required to use only the thumb of 

each hand to respond to changes in the location of the dot. The thumb on the left 

hand was used to respond to the keys x, c, & v and the thumb on the right hand was 

used to respond to the keys b, n & m. Once again, block 1 (Rno) on this task did not 

incorporate a rule change whereas block 2 (Rchange) incorporated the alternative 

sequence. This way an assessment of knowledge of the original training sequence 

could be made following a change to the responses participants are required to 

make.
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Both the order of presentation of the transfer tasks and the sequence employed 

during training were counterbalanced. That is half the participants in each group 

received SEQ1 during training with SEQ2 as the alternative sequence and vice 

versa. In addition half the participants in each group received the response transfer 

task first followed by the stimulus transfer task whilst the other half received the 

stimulus transfer task first followed by the response transfer task.

Procedure

Participants were tested in a manner identical to that employed in all previous 

studies. Standardised instructions were provided to all participants which differed 

only with respect to group allocation. Firstly, all participants completed one block 

of trials on the S R I task themselves. The practice group then responded with 

appropriate key presses to the location of a dot on the screen for a further six blocks 

of trials, the observation group watched a demonstrator respond to the location of 

a dot on the computer screen for a further six blocks of trials and the non practice 

group completed a set of anagrams for approximately seven minutes. This was 

followed by a further three blocks of trials, blocks 8 & 9 being the test blocks, that 

all groups would complete irrespective of group allocation.

Following employment on the free generation task participants were informed that 

two further tasks would be undertaken, one which made changes to the 

presentation of the task on the screen and the other which required them to employ 

the use if different fingers.

Results & Discussion

Serial reaction time task & transfer data
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Figure 5.2. Graph showing mean RT by block in milliseconds for practice, observation and a non 

practice group on the serial reaction time task (SR I), the stimulus transfer task (S No - no rule 

change, Schange - rule change) and the response transfer task (R No - no rule change, Rchange - 

rule change). The original data from the SRT task has been included here so as to show more 

clearly the effects of either a stimulus or a response change on rule learning.

Data for five subjects had to be excluded due to a computer error (new N = 30). 

Referring only to the data from the SRT task (blocks 1 to 9) figure 5.2 suggests that 

both practice and observation participants learned the six item sequence. Practice 

participants produced a high elevation in RT between block 8 & 9 similar to that of 

observation subjects, in addition to showing some RT saving between block 1 & 8. 

Comparing this with the non-practice group who showed a noticeably smaller 

elevation in mean RT.

A three-way ANOVA (block (8,9) x group x counterbalancing condition) yielded a 

reliable main effect of block, F(1,25) = 54.2, p<0.05, no main effect of group, 

counterbalancing or interactions between block, group or counterbalancing F<1. 

However, upon closer inspection, Tukeys up tests revealed that elevation in RT for 

groups practice and observation between block 8 & 9 each differed from the mean 

RT elevation for group non practice, smallest F = 29.74. (Howell 1992, p.338). 

Analysis of group differences at block 8 and block 9 separately revealed a group
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difference at block 9 only. Here, practice and observation was found to produce 

reliably higher RT's compared with following non-practice, smallest F_= 10.4. These 

data demonstrate that both practice and observation conditions result in participants 

in these groups gaining reliably more sequence knowledge compared with the non 

practice group. This finding lends further support to the suggestion that observation 

can lead to the formation of procedural knowledge in much the same was as follows 

actual practice.

A one-way ANOVA conducted at block 1 of training yielded no group differences, 

E<1. Whilst, analysis of any RT saving between block 1 and block 8 revealed a 

main effect of block, F(1,27) = 197, p<0.05, suggesting that all groups learned about 

general task demands throughout the training period.

Transfer conditions

Due to the fact that following analyses of experiments 3.1 onwards there have been 

no reliable interactions between counterbalancing and group, including the present 

study, and any effects of counterbalancing that have become apparent have been 

uniform across groups, it was decided to exclude counterbalancing variables from 

any analysis of the transfer conditions on that basis.

A three-way ANOVA (block (10,Sno,Schange,Rno,Rchange) x group x order (1,2)) 

yielded a main effect of block, F(4,100) = 18.75, a reliable interaction between 

group and block, E(8,100) = 5.24, P<0.05, a significant interaction between block 

and the order in which the transfer test was presented, E(4,100) = 3.99, p<0.05, but 

no other main effects or interactions. Further analysis of the interaction between 

order and block revealed that the first transfer task participants received, whether 

that be stimulus transfer or response transfer, yielded reliably slower RT's in the 

block where there was no change to the sequence and in the block that 

incorporated a change in the sequence than occurred when presented with that 

transfer condition in the second order, E(4,100) = 1.10, p<0.05. This effect was
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uniform across groups and can be accounted for in terms of the change in task 

requirements brought about by the introduction of the transfer conditions. The 

pattern of results for both transfer conditions was the same regardless of the order 

of transfer presentation.

There are several issues that need to be addressed before any assessment of 

whether subjects learned the rules to which the sequence adhered and coded them 

in terms of perceptual or response information can be made. Analysis of the 

interaction between group and block looked firstly at general task performance 

following changes to either stimulus orientation or subjects responses whilst 

continuing to maintain the original training sequence. This was done by simply 

comparing RT's between the final block of the SRT task with block 1 of transfer (no 

rule change) for each group. Analysis of the simple main effects of group between 

block 10 of the SRT and block 1 (Sno) of stimulus transfer revealed that practice, 

observation and non-practice groups produced an equal and reliable increase in RT 

following a change from a horizontal (mean RT collapsed across group = 414.94 

ms) to a vertical stimuli orientation (mean RT collapsed across group= 454.167 ms), 

smallest F(4,100) = 31.39, p<0.05.

The same pattern of results was found to be true for analysis of the interaction 

between group and block following changes made to subjects responses (block 10 

vs Rno), smallest F(4,100) = 75.08, p<0.05, revealing a reliable increase in RT for 

all groups if subjects are required to use their thumbs (mean RT collapsed across 

group = 506.215 ms) rather than three fingers on each hand to respond to dot 

locations (mean RT collapsed across group =414.9 ms).

To examine the effect of changes in task condition, either to stimuli or responses, 

on rule learning specifically I shall now refer to Figure 5.2 above. Here the 

important comparisons lie between the elevation caused to RT between blocks Sno 

and Schange and elevation caused to RT between Rno and Rchange. If elevations 

caused to RT between these blocks for either transfer condition are found to be
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reliably different (which we know from the SRT task results indicates reliable 

sequence knowledge) then we can assume that changes to task conditions (stimuli 

or responses) are not integral to rule learning. Conversely, if the elevations caused 

to RT between these block are found NOT to be reliable (indicating destruction of 

sequence knowledge) then this implies that making changes to either the stimulus 

orientation or the responses made has been deleterious to knowledge of the original 

sequence.

Looking at stimulus transfer following a change in sequence, analysis of the simple 

effects of group at block Sno and Schange revealed a reliable and equal increase 

in RT for both the practice and the observation group which differed from non

practice group performance, Tukeys smallest F(4,100) = 27.52, p<0.05. This result 

confirms that regardless of the change to the sequence in block Schange, 

knowledge of the original training sequence was still in tact, unaffected by a change 

in stimulus orientation.

For the response transfer task, the results of simple effects analysis imply 

something quite different. Tukeys tests revealed no reliable increases in RT for all 

groups between block Rno and Rchange, F<1 confirming that when participants in 

any group are required to respond using their thumbs rather than six fingers then 

knowledge of the original training sequence is obliterated. This finding lends 

support to the view that the responses made to sequence stimuli may be important.

The results of this analysis demonstrate that altering the nature of the responseCL
made to sequence stimuli reliably Effects the extent of sequence knowledge 

following both practice and observation implying that sequence information is stored 

in terms of a motor code. Whereas altering the nature of the stimulus presentation 

whilst maintaining response information makes no difference to participants ability 

to maintain sequence knowledge, implying that sequence information is not stored 

in terms of a perceptual code.
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Free generation task: awareness
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Figure 5.2a. Graph showing the mean number of triplets which correctly adhered to the training 

sequence following practice, observation and non practice on the free generation task with the six

item sequence . Error bars represent SEM.

Comparing the mean number of correct triplets reproduced on the free generation 

task following practice and observation with those from the non practice group, 

figure 5.2a illustrates that the practice group and the observation group reproduced 

a greater number of correct triplets compared with the non^practice whose mean 

number correct was low. The means imply that practice and observations group 

subjects' declarative knowledge of the sequence was far greater than that of 

subjects who were given very little opportunity to acquire sequence knowledge.

These impressions were confirmed following a ANOVA which revealed a reliable 

main effect of group F(1,25) = 16.921, p<0.05. Fishers LSD was applied to the data 

which revealed that group practice differed from group non practice, group 

observation differed from group non practice and groups practice and observation 

differed from each other. These results confirmed that the practice group, who were 

required to make responses throughout the training phase and the observation
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group, who had observed a demonstrator employed in the task, were able to 

correctly generate parts of the original sequence on a measure of declarative 

learning.

General discussion

Experiment 5.1 hinted that observers may be able to learn about stimuli and learn 

about responses on a declarative measure of sequence knowledge but was far from 

conclusive as to which might be the predominate process when subjects are 

provided with both sets of information simultaneously and gave no clues as to how 

this knowledge might be stored. In addition, these data appeared to further dispel 

the idea of a dissociation in task performance between a measure devised to 

assess procedural knowledge and measures designed to measure awareness or 

declarative knowledge following observation and actual practice.

Data from the SRT task in Experiment 5.1 suggested that observers might be just 

as sensitive to learning about response information (normally associated with 

practice) as they are to learning about stimulus information.

Experiment 5.2 which incorporated a transfer task following practice, observation 

and non practice subjects' employment on the SRT task allowed further insight into 

the mechanisms responsible for coding and storing information about sequence 

knowledge. Data demonstrated that on an implicit measure of sequence learning 

observation and actual practice predominantly encode sequence information in 

terms of a motor code. That is, regardless of whether the inputs to the system were 

stimulus inputs or response inputs participants formed a representation of a motor 

program which reflected knowledge regarding the order of the location of dots which 

appeared on the computer screen and the relationships between them. Put simply, 

motor learning was primarily responsible for the formation of rule knowledge. This 

was true following observation and practice. This finding is supported by results 

from experiment 4.4 which confirmed that observation can give rise to the formation
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of procedural knowledge.

A predominance in the use of a motor code when learning rules supports the notion 

that processes which utilise responses and processes which utilise stimulus inputs 

can occur independently as Stadler (1989) suggests. Although Stadler found a 

predominance of perceptual processing. Nevertheless, the nature of the 

predominant process may largely rely on the nature of the rule learning task 

(Schmidtke & Heuer 1996). Even so, it would be incorrect to state that observation 

and actual practice do not give rise to some stimulus learning. Looking at figure 5.2 

elevations to RT between Sno and Schange were reduced, although not to a 

reliable degree, when a change in stimulus orientation was introduced implying 

some stimulus knowledge. However, the view that perceptual and response 

processes are inextricably linked is not supported here.

In summary, data from experiments 5.1 & 5.2 strongly suggest that observers can 

learn about responses and store this information it in terms of a motor code over 

and above any learning acquired about stimuli and in addition can learn about 

sequence information procedurally in the same way as do subjects involved in 

actual practice, if we are to believe that the SRT task taps implicit knowledge. 

These observers are also able to use response information on subsequent 

measures of awareness contrary to the view which supports a dissociation in task 

performance between measures of procedural and declarative knowledge. The lack 

of any consistent robust effect of observation in my view, is brought about because 

observation as a tool for learning is often accompanied by a multitude of 

distractions. That is, there are many factors which could affect the nature of the

observational experience. In the case of my own experiments, the 'is that it?'
G>v\ot

phenomenon, where observers eaN quite believe that all they have to do is 

'WATCH!' was evident on more than one occasion. Consequently, observers' task 

expectations may well differ immensely from the expectations of those participants 

involved in actual practice. This in my view results in a 'here one day, gone the next' 

situation in the case of observation. Any future studies may wish to explore
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potential differences in observer performance on sequence learning tasks when 

observers are provided with differing degrees of information or conflicting 

information about the task they are involved in (Howard et al 1992).
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Chapter 6
Can Rats learn sequences of lever presses by observation of a 

conspeclfic?

The main aim of the following experiments was to investigate whether rats can learn 

sequence information by observation alone. There is at present evidence indicating 

that rats are capable of learning sequences of events asocially (i.e. lever presses, 

the order of food pellets in a maze indexed by speed of running). However, there 

is little evidence that this kind of information can be learned under observational 

conditions in a social setting. This type of learning is viewed as unique to Homo 

sapiens and although there have been many attempts to investigate observational 

learning in animals, studies have produced equivocal results.

Experiment 6.1 in this chapter investigated whether rats can learn sequence 

information following demonstration of a sequence of lever presses by a trained 

conspecific. Prior research suggests that rats are capable of making a 

discrimination between both left and right responses, and up and down responses 

under observational conditions (Experiment 1 Ray unpublished thesis 1997). 

Therefore it is plausible that rats can learn a sequence of léver presses combining 

both location and directional information. By utilising operant chambers which 

contain one left and one right lever, which could be moved up or down, located on 

either side of a food dispenser, four possible responses could be made on two 

manipulandum providing a good variety of responses for use under observational 

conditions.

In a variation of the two-action test, rats observed one of two sequences of lever 

manipulations, either right up-left down or right down-left up, carried out by trained 

demonstrators. On test observers were rewarded for right up-left down 

manipulations only and it was hypothesised that observers that had seen this 

sequence of lever manipulations would produce a greater number of right up-left 

down sequences on test.
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6.1 An investigation into whether rats can learn a sequence of lever presses 

which combine location and directional information following pretraining 

under observational conditions.

Method

Subjects

Forty-eight male Sprague-Dawiey rats served as subjects at the start of the present 

study (24 demonstrators, 24 observers). The subjects were 3-4 months old at the 

stall of the experiment and had a free-feeding body weight of 350-400g. Animals 

were maintained at 85% of their free-feeding weight throughout the experiment with 

adjustments being made at regular six week intervals to allow for growth. This is 

considered standard Home Office procedure for experiments which typically last for 

a duration of greater then three months. The rats were housed in groups of four, 

demonstrators and observer rats housed separately, and had constant access to 

water in the home cage.

Apparatus

Training and testing phases were carried out in four identical operant chambers 

(Campden Instruments Ltd.). Each chamber had the facility to insert two levers, left 

and right, which were located approximately 5 centimetres above floor level on 

either side of a centrally located food tray. Both levers could be manipulated up or 

down by the rat. Each chamber was encased in a light and sound attenuated case.

The chambers themselves were divided into two compartments by means of a wire 

mesh partition, which would eventually allow an observer animal the opportunity to 

watch a trained demonstrator manipulate the levers. A jewelled houselight located 

on the ceiling of the demonstrator compartment was employed to signal the 

beginning and end of each demonstration session. Reinforcement (one 45-mg food
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pellet) could be delivered to the food tray which was covered by a clear Perspex, 

hinged flap. A microswitch was operated when the flap was opened allowing 

recording of the tray entries. Reinforcement was delivered to the food tray on 

successful completion of the correct pattern of lever presses.

Procedure

Demonstrator training

Initially 24 demonstrator rats were divided into three groups. RULD demonstrators 

were trained to press the levers right up-left down for food reward, RDLU 

demonstrators were trained to press the levers right down-left up for food reward 

and a NO Pattern group of demonstrators were trained to collect pellets from the 

food tray in the absence of levers. This final group of demonstrators was included 

to ensure that any subsequent responding on the part of observers was due to 

demonstrator behaviour and not as a consequence of individual learning.

All demonstrators were given three days of magazine training Variable Time 60

sec, one session per day which lasted approximately 30 minutes before

commencement on the lever training. Lever training proceeded as follows; RULD

demonstrators were first trained on a continuous reinforcement schedule to push

the right lever up for food reward in isolation, which was followed by training to push
çd

the left lever down follov^jwg by food reward in isolation. Once RULD rats 

consistently pushed both levers in the correct direction in isolation, rats were 

presented with both levers simultaneously and were required to press the levers in 

the order of right up followed by left down for food reward. The same procedure was 

followed for RDLU rats who first learned to press the right lever down in isolation, 

then the left lever up in isolation, and finally were presented with both levers 

simultaneously and were required to press the levers according to the sequence 

right down-left up for food reward.
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Instrumental training continued on the basis that these animals would receive fifty 

re inforcers signalling the end of the sequence session, at the rate of one session 

per day. Satisfactory performance was achieved when demonstrators reached a 

level of greater than or equal to 75% correctly executed sequence demonstrations 

on three consecutive days. This criterion was chosen partly out of necessity as it 

became apparent that demonstrator performance would not got beyond the 75% 

level. In total it took pattern demonstrators 126 sessions to achieve a satisfactory 

level of competence. For testing purposes eight demonstrator rats were chosen, 

four from group RULD and four from Group RDLU, on the basis of their percentage 

correct scores.

Group NONE demonstrators were also given three days of magazine training prior 

to any contact with observer animals. This group merely had to collect fifty pellets 

from the food tray during any one session. The frequency of delivery of food reward 

was determined by a VT 60-s schedule. Group NONE demonstrators had no contact 

with the levers at any time.

Observer training

Following Terrace (1991), who argued that in order for a rat to execute a sequence 

of responses, each of those responses must already form part of the animal's 

existing repertoire, observer rats were pretrained on each lever (left and right) and 

on each direction (up and down) prior to observation training and testing on a 

sequence of combined responses.

Twenty-four observer animals commenced pre-training, but two animals had to be 

excluded due to illness. The remaining twenty-two observers were trained on each 

lever (left and right), and on each possible direction (up and down), in isolation. In 

order to ensure that a pattern of lever presses did not emerge during training, the 

lever to be operated upon, and the direction which would be rewarded, on any 

particular day was determined randomly prior to testing. During any one training
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session only the chosen lever was present which could be moved in both directions 

(up or down). Rats were only rewarded for manipulating this lever in the correct 

direction.

Training continued until rats collected a total of fifty reinforcers during any five 

consecutive sessions, which took a total of 49 sessions. Observers were then 

assigned to groups on the basis of a bias in UP pushing. This was deemed 

necessary as it became clear that observer rats showed a preference for pushing 

the lever down. Therefore, to ensure that each observer group contained an equal 

number of up pushers to down pushers, observers were assigned to three groups 

according the extent of their bias.

There were three observer groups; RULD observers were exposed to 

demonstrators trained to press levers right up-left down, RDLU observers were 

exposed to demonstrators trained to press levers right down-left up, and group 

NONE observers were exposed to demonstrators collecting pellets in the absence 

of levers.

Testing

Testing commenced as follows. Observer rats were placed in the observation 

compartment of the operant chamber. Demonstrator rats were placed in the 

opposite part of the chamber, either with levers present (groups RULD & RDLU) or 

not present (group none). The observation session commenced with the illumination 

of the houselight.

RULD observers then saw a demonstrator trained to execute the sequence of lever 

presses in the order right up-left down. RDLU observers then saw a demonstrator 

trained to execute the sequence of lever presses in the order right down-left up. The 

group NONE observers would then see demonstrators who were trained to collect 

pellets from the food tray in the absence of levers. The session was completed

140



when demonstrator rats had correctly executed the sequence of lever presses fifty 

times and collected fifty pellets. The houselight would then be extinguished to signal 

the end of the session.

Demonstrator rats were then removed from the operant chamber and returned to 

their home cage and observer animals were placed in the part of the operant 

chamber vacated by the demonstrator. Observer testing now commenced and 

continued over five days. Each daily session began with demonstrations of RULD, 

RDLU or NONE dependant upon group allocation followed by the testing session 

where observers were allowed to manipulate the levers themselves. Regardless of 

group allocation the levers were present in the chambers for all observer groups. 

The start of the testing session was signalled by the illumination of the houselight 

and observer animals were left to manipulate the levers. During this time only RULD 

manipulations were reinforced. The testing session was terminated when observers 

either received 10 re inforcers or, failing that, after 30 minutes.

Results

A sequence discrimination ratio was calculated. This was done by dividing the 

number of responses made that formed part of a correct sequence of lever presses 

by the total number of responses made. Therefore it follows that a large 

discrimination ratio indicates a high number of correct sequences made by 

observers and a small discrimination ratio indicates low number of responses which 

formed part of a correct sequence of lever presses. A discrimination ratio of 1 would 

imply perfect replication of the observed sequence and a discrimination ratio of zero 

would imply no replication of the observed sequence. Because reinforcement was 

only received following a RULD manipulation it was expected that RULD observers 

would show a higher level of sequence reproduction compared with RDLU 

Observers, with group NONE observers serving as a control.
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Figure 6.1. Mean sequence discrimination ratios for the three observer groups over session, 

following observation of right up-left down sequence demonstrators (RULD), right down-left up 

sequence demonstrators (RDLU) and group NONE demonstrators (CONTROL) respectively.

Figure 6.1 represents mean sequence discrimination ratio's across sessions for 

observer groups and the control group. The means imply that reproduction of 

observed sequences was low for all groups regardless of whether they had seen a 

demonstrator executing a sequence of lever presses or whether they had merely 

watched a demonstrator collect pellets from the food tray. The control group 

(NONE) is shown to have produced a greater number of RULD sequences even 

though they had no exposure to pattern demonstrators and merely watched another 

rat collecting food pallets throughout the testing period. This points to the possibility 

that individual learning on test may be responsible for better performance here and 

not as a result of demonstrator behaviour.

These impressions were confirmed following a two-way ANOVA which yielded no 

main effect of group F<1, no main effect of session F<1 and no interaction between 

group and session F<1. The data demonstrate that observer rats showed no reliable 

tendency to push the levers according to the same sequence as their respective 

demonstrators. That is, RULD observers and RDLU observers were no more likely 

to make any number of correct sequences compared with group NONE that had
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little opportunity to learn a sequence of lever presses. In addition RULD observers 

were no more likely to make RULD responses compared with a group that observed 

RDLU. Therefore, it is fair to say that no effect of sequence learning under 

observational conditions was observed.

Individual responses

In order to investigate whether observers learned anything about the individual 

responses (RU, RD, LU, LD) that comprised each demonstrated sequence a ratio 

for each individual response was calculated. This resulted in two discrimination 

ratios, one for right up responses and the other for left up responses. The right up 

discrimination ratio was calculated by dividing the total number of right up 

responses made by the total number of right responses made per session. The left 

up discrimination ratio was calculated by dividing the number of left up responses 

made by the total number of left responses made per session.

Closer inspection of the data revealed no group differences, session differences 

or reliable interactions between group and session were forthcoming following a 

two-factor ANOVA (group x session) of right up discrimination ratios demonstrating 

that regardless of group allocation or session number, F<1. RULD observers, who 

saw sequence RULD demonstrators, were no more likely to press the right lever up 

compared with RDLU observers who saw the sequence RDLU, neither group 

differed from group NONE.

However, Left up discrimination ratios were subjected to a two-factor ANOVA (group 

X session) yielding a reliable interaction between group and session F(2,4) = 2.80, 

p<0.05. No other reliable main effects were forthcoming. Analysis of the simple main 

effect of group on each session revealed group differences in left up responding 

between groups on session 3, F (2,19) = 2.828, p<0.05. Tukeys tests revealed that 

on session 3 alone, RDLU observers were more likely to push the left lever in an 

upwards direction compared with both RULD observers and group NONE (see
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figure 6.1a below).
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Figure 6.1a Mean leftup ratio for the three observer groups across each session following 

observation of right up-left down sequence demonstrators (RULD), right down-left up sequence 

demonstrators (RDLU) or group NONE demonstrators (CONTROL) respectively.

This analysis demonstrates that animals that saw a left up response as the terminal 

sequence element reliably reproduced a greater proportion of left up responses on 

test during session 3 than animals that had seen a left down response as the 

terminal sequence element. It should be noted, however, that this group difference 

was apparent during only one block of testing and so any conclusions regarding any 

group tendency should be viewed with caution.

Discussion

Experiment 6.1 demonstrated that RULD observers and RDLU observers were no 

more likely to make any number of correct sequences than a group that received no 

sequence demonstration. However, analysis of the individual responses that made 

up the sequences animals that saw a left up response as the terminal sequence 

element reliable reproduced a greater proportion of left up responses than animals 

that had seen a left down response as the terminal element.
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There are a number of possible reasons why observer animals showed no effect of 

observation on sequence learning in experiment 6.1. Firstly, rats showed an overall 

location and directional bias, displaying a general preference for the right lever and 

for down pushing. This bias appeared to be consistent across groups during 

training, hence the need to allocate observers to groups according to their levels 

of up pushing. This may have resulted in a carry over effect when rats were required 

to produce sequences of lever presses resulting in a preponderance of responding

on one lever and in one direction only. Secondly, pretraining observer animals, on
%

each lever, and in each direction, although justified according to Terraces(1991) 

logic that individual sequence items must be present within the animals current 

repertoire for sequence learning to occur, may have played a part in preventing the 

observational experience from having an influence on observer rats performance 

and compounded any bias in responding that already existed.

With particular reference to the analysis of individual responses, potential scent 

cues deposited on the terminal sequence element lever by the demonstrator may 

have been made more excitatory simply because a response to this lever was 

directly followed by reinforcement. Therefore, when an observer saw the terminal 

element LU they made a greater proportion of LU responses compared with a group 

who saw LD as the terminal element. The subsequent bias by observers found on 

test for the terminal sequence element may reflect the nature of scent cues left on 

the left lever due to the high level of contiguity of left lever responding with 

reinforcement. However, it is not clear why a comparable effect was not found for 

right lever responding. This suggestion is supported by Shimp (1976) who found a 

strong recency effect on lever pressing in pigeons with the terminal sequence 

element being the most preferred.

Due to a lack of sequence learning following observer pretraining in Experiment 6.1 

and the possibility that pretraining may be the resounding factor in introducing a 

bias in observer responding. Experiment 6.2 attempts a replication of Experiment

6.1 but excluding observer pretraining.
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6.2 Can rats learn a sequence of lever presses which combine location and 

directional information without pretraining under observational conditions.

Method

All aspects of the methodology employed here were identical to those outlined in 

Experiment 6.1 apart from the exceptions given below.

Subjects

Twenty-four male Sprague-Dawiey rats served as observers in this study. They 

were matched in terms of their age and weight with the demonstrators employed in 

experiment 6.1. At the start of the experiment animals had a free feeding body 

weight of 450-500g.

Apparatus

The Apparatus employed in experiment 6.2 was identical to that used in experiment 

6.1. Based upon the findings of a small pilot study which investigated the effects on 

any responding bias of the floor level in the chamber, it was decided to lower the 

floor level 2 cms below its original level in order to encourage UP pushing. Apart 

from this change all other aspects of the apparatus remained the same.

Procedure

Demonstrator training

The same demonstrators were employed here as were employed in experiment 6.1. 

As before these demonstrators had been maintained at a level of greater than or 

equal to 75% correct sequence productions on three consecutive days prior to 

observer testing.
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Observer training

Observers were given 3 x 20 minute sessions of magazine training (VT 60-s 

schedule) during which thirty food pellets were delivered to the food tray. Treatment 

of observers in experiment 6.2 differed from that in experiment 6.1 with respect to 

pretraining. Here observers were not pretrained to press levers prior to testing, 

their first experience of levers being at the time of testing only.

Observers were assigned equally into one of three groups as before; RULD 

observers would watch a demonstrator execute the sequence of lever presses in the 

order right up-left down, RDLU observers would watch a demonstrator execute a 

sequence of lever presses in the order right down-left up and a third a final group 

NONE would observe a conspecific collecting food from the food tray.

Testing Procedure

The procedure for testing observers*knowledge of demonstrated sequences took 

place in a manner identical to that employed in experiment 6.1. As before, all 

observers were reinforced for RULD only. To summarise, observers watched a 

demonstrator execute a sequence of lever presses either RULD or RDLU, or collect 

food from the food tray, dependant upon group allocation. Observers were then 

transferred to the demonstration compartment and allowed full access to the levers. 

Each test session lasted until 10 reinforcements had been collected or until a 30 

minute duration had passed. Observers were tested over a period of seven days. 

Each daily session commenced with observers watching demonstrations of their 

respective sequences and then were allowed to manipulate the levers themselves 

according to the criteria mentioned above.

Results & Discussion
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Figure 6.2 Mean sequence discrimination ratios for the three observer groups over session, 

following observation of right up-left down sequence demonstrators (RULD), right down-left up 

sequence demonstrators (RDLU) and group NONE demonstrators (CONTROL) respectively.

Referring to Figure 6.2, once again the mean sequence discrimination ratios imply 

that sequence reproduction was extremely low following observation of a trained 

demonstrator. That is, averaged over seven 30 minute sessions, RULD observers 

only managed to reproduce an average of 2.19 sequences of RULD lever presses 

out of an average of 31.23 pairs of responses in total, compared with RDLU 

observers and group NONE who reproduced on average 3.38 (mean total pairs of 

responses made = 27.8) and 2.25 (mean total pairs of responses made = 21.45) 

lever presses respectively. Comparing these scores with the overall level of 

responding per group regardless of session, this resulted in mean discrimination 

ratios of 0.02 (RULD), 0.04 (RDLU) and 0.03 (NONE/CONTROL). From Figure 6.2, 

contrary to what was expected, RDLU observers appeared to reproduce a greater 

number of RULD sequences across sessions regardless of having seen the 

alternative sequence RDLU on test although levels of sequence production was 

hardly present for any group and so any conclusions drawn from this numerical 

difference should be viewed with extreme caution. It should also be noted that 

these means do not imply that all groups made a greater number of alternative
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sequences, Group RULD reproduced on average 2.13 RDLU sequences over a 

total of seven sessions, Group RDLU made on average only 4.00 RDLU sequences 

compared with group NONE who reproduced on average 2.63 RDLU sequences.

A two-way ANOVA (group x block) yielded no main effect of group, no reliable 

effect of session number and no interaction between the two factors F<1. The data 

demonstrate that regardless of what they had seen on test, observer rats showed 

no reliable tendency to press the levers according to the same sequence as their 

demonstrator.

Individual responses

Due to the obvious lack of sequence learning by observers, left-up and right-up 

discrimination ratios were calculated to investigate whether rats learned anything 

about the individual responses which made up the sequence of responses executed 

by their demonstrators.

Closer inspection of the data revealed once again no group, session or group by 

session interactions for right responding F<1. However, when left-up discrimination 

ratios were subjected to a two factor ANOVA (group by session) this yielded an 

overall main effect of group (F(2,21) = 4.62, p<0.05).
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Figure 6.2a. Mean leftup ratio for the three observer groups across each session following 

observation of right up-left down sequence demonstrators (RULD), right down-left up sequence  

demonstrators (RDLU) or group N O N E demonstrators (C O N TR O L) respectively.

Analysis of the simple main effect of group, after collapsing the data across 

sessions, revealed significantly higher levels of LU responding for group RDLU 

compared with both group RULD and group NONE (CONTROL). There was no 

group difference between the levels of RULD group responding and the control 

group.

In support of experiment 6.1, this analysis demonstrates that animals who saw LU 

as the final sequence element were more likely to make LU responses compared 

with a group that saw LD as the terminal element or animals that saw a collector 

demonstrator. This implies, once again, an effect of recency.

Nevertheless, it remains unclear why observers did not learn sequences of 

responses. Prior research has shown that asocially rats are capable of learning 

sequences of events whether they be sequences of lever presses or learning to 

track a sequence of food rewards through a maze. So why is there no evidence of 

sequence learning under observational conditions under the present 

circumstances? The absence of any evidence for sequence learning in Experiments

6.1 and 6.2 may indicate that rats are incapable of sequence learning by 

observation but this conclusion should not be drawn too hastily for three reasons. 

Firstly there is evidence that rats show evidence of stimulus enhancement of 

individual lever responses (refer to chapter 2, section 2.1), secondly there is some 

evidence that they can learn sequences asocially (Hulse & Campbell 1975, Reid 

1994), and thirdly certain features of the procedure employed in Experiments 6.1 

and 6.2 may have made sequence learning difficult to detect and/or unlikely to 

occur. One possible explanation relates to the discriminability of the sequences 

observed by the different sequence group. The necessary movement of a 

demonstrator between left and the right lever during sequence execution is a large 

one in comparison with the more subtle distinction between an up or a down
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response. It is possible that the ability to discriminate between up and down lever 

presses is less obvious to an observer animal. In addition requiring the observer 

animal to execute the sequence in a free operant procedure may reduce the 

probability that learning takes place.

Therefore, experiment 6.3 in this section, dispensed with an up and down response 

and trained demonstrator animals to push left-right (LR) or right-left (RL) for food 

reward. In order or maximise demonstrator performance, animals were trained in an 

operant chamber with two levers, left and right, located on either side of the food 

dispenser. These levers were retractable and could move in and out of the box in 

unison following either an incorrect response that does not conform to the sequence 

LR or RL or following correct completion of the sequence. This resulted in a fixed 

trial procedure where it was hoped sequence demonstration would appear more 

discriminable to observers during testing. In addition, this fixed trial procedure would 

carry over to observer testing. The changes made to the procedure in Experiment

6.3 were designed to make a) the sequences observed by the different groups of 

subjects more distinct, and b) the sequential structure more salient.

6.3 Can rats learn a sequence of lever presses utilising location information 

in a fixed trial procedure.

Method

Subjects

Forty-eight male Sprague Dawley rats served a subjects in the experiment, 12 as 

demonstrators and 36 as observers. All subjects were 3-4 months old at the start 

of the experiment with a free feeding body weight of 350-400g. Animals were 

maintained at 85% of their normal body weight throughout. The rats were housed 

in groups of four, demonstrators housed separately from the observers, and had
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constant access to water in their home cage.

Apparatus

In order for retractable levers to be used in the study, four new operant-conditioning 

chambers were constructed which would allow the left and right lever to move in and 

out of the chamber mechanically after two responses had been made. (See Figure 

6.3, p. 154 for a detailed illustration of one pair of operant chambers). Two of the 

four chambers served as demonstrator chambers and the remaining two served as 

observation chambers. Each observation chamber was placed to the right of the 

demonstrator chamber and was separated by a perspex wall through which 

observation could take place. The levers in each chamber were located on either 

side of the food tray and the session began with the illumination of the light above 

the first element of the sequence in the demonstrator chamber. At this point both 

levers were inserted into the demonstrator chamber and responding to the levers 

began. The light signals to the demonstrator, as an aid to sequence demonstration, 

were shielded from the observer by placing the lights in a recess which was painted 

internally with matt black paint to reduce any light leakage. In addition, the lights 

were also hooded so that any leakage which occurred was shielded from the 

observers. Once a demonstrator had made one correct execution of the relevant 

sequence, levers in the demonstrator compartment retracted out of the chamber and 

the levers in the observation chamber were inserted.
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Procedure

Demonstrator training

Initially sixteen rats commenced demonstrator training and were divided into 3 

groups. LR demonstrators were trained to press the left lever first followed by the 

right lever for food reward, RL demonstrators were trained to press the right lever 

first followed by the left lever for food reward and a control group were trained to 

collect food from the food tray in the absence of lever pressing.

All demonstrators were given 3 x 20 minute sessions of magazine training (VT 60-s 

schedule) before lever training began. Phase one of Lever training proceeded as 

follows; demonstrators were first trained to press each lever on a continuous 

reinforcement schedule without illumination of the hooded lights and in the absence 

of lever retraction. This was followed by six sessions of thirty reinforcements, 

during which lights located above the levers were illuminated to signal which lever 

would deliver food if pressed. Illumination of the light above the left lever signalled 

to the demonstrator to press the left lever and illumination of the light above the 

right lever signalled to the demonstrator to press the right lever. Demonstrators 

were required to press the left lever fifteen times per session and the right lever 

fifteen times per session. This was followed, in phase 2, by nine sessions where 

the levers retracted out of the box following any lever press that was made whether 

it was incorrect or correct. If the demonstrator pressed the lever associated with the 

light the levers would retract out of the box and food would be delivered. If the 

demonstrator presses the lever not associated with the light the levers would retract 

out of the box but here, food was not delivered. Following a delay of approximately 

five seconds, the levers were inserted into the box and the whole process began 

again.

Sequence training commenced in Phase three of demonstrator training. Here, the 

same procedure was followed as was employed in phase 2 but this time the order
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of lever pressing conformed to one of two sequences, either LR or RL. At the start 

of each session, the levers were inserted into the box and a light would appear over 

either the left or right lever dependant upon group allocation. Once a response had 

been made the light was illuminated over the lever which represented the second 

item in the sequence. Following a response to the second item in the sequence the 

levers retracted out of the boxes and food was delivered. If demonstrators made any 

incorrect lever presses the levers retracted and no food delivered followed by a 5 

second delay, after which levers were inserted back into the boxes and the whole 

process began again. The session terminated when demonstrators received thirty 

food pellets reflecting thirty correct sequence executions.

It took 69 sessions for sequence demonstrators to reach a level of 75% correct and 

above. Not all sequence demonstrators reached this criterion and these animals 

were discarded.

Control group demonstrators received 3 days of magazine training (VT 60sec 

schedule) and were merely required to collect food pellets from the food tray which 

occurred at a rate of one pellet per minute.

Observers

The only pretraining given to observers was 3 X 20 minute sessions of magazine 

training (VT 60 sec schedule) prior to testing. There were three observer groups; 

Group LR observers were exposed to demonstrators trained to press the right lever 

first followed by the left lever for food reward, RL observers were exposed to 

demonstrators trained to press the left lever first followed by the right lever, and 

group NONE would watch a demonstrators trained to collect food in the absence 

of lever pressing.

Testing
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Demonstrator rats were placed in two of the operant chambers reserved for 

demonstrator lever pressing. Observers were placed in the remaining two operant 

chambers. Demonstrator chambers were separated from observers by a Perspex 

partition.

Testing commenced as follows. At the start of the session, demonstrators levers 

moved into the demonstration box. Following successful completion of the relevant 

sequence of lever presses, LR or RL, levers retracted from the demonstration 

compartment and the observer levers moved into the observation box. Observers 

were then given a 10 second opportunity to make two lever presses following which 

the levers would retract and the whole process would begin again. If observers 

made only 1 lever press then after a delay of approximately 10 seconds the levers 

in the observation compartment would retract and the whole fixed trial process 

would start again. If observers made any incorrect sequences of lever presses this 

information was recorded but no reinforcement was given, observer levers retracted 

and the fixed trial procedure started again. Observers were only reinforced for RL 

sequences. This fixed trial procedure continued until demonstrators had received 

fifty re inforcers for successful completion of fifty correct two item sequences.

All responses that observers made to the levers during that time were recorded for 

analysis. Observers were tested over a seven day period.

Results

Alternating sequences

GROUP LR SEQUENCES RL SEQUENCES

GROUP LR 0 / 3

GROUP RL 4 1

GROUP NONE 6 13
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Table 6.3 number of LR and RL sequences executed for Group LR, Group RL and Group NONE 

out of a total of 350 trials i.e. in 7 x 50 trial episodes.

The number of alternating, RL or LR, sequences made by observers was extremely 

low for all groups. From table 6.3, Group LR observers made no LR sequences of 

lever presses in 350 trails i.e. in 7, 50-trial episodes and only 3 RL sequences. 

Group RL observers made only 3 RL sequences of lever presses and 4 LR 

sequences and group NONE made a total of 6 LR sequences and 13 RL sequences 

over an equivalent period of time. Due to the extremely low level of responding it 

was impossible to carry out any coherent analysis of the sequence data and so it 

was decided to concentrate analysis on other responses made e.g. double left, 

double right, single left and single right.

Perseverating sequences

A discrimination ratio of the total number of LL responses as a proportion of the 

total number of LL & RR responses was calculated for each group and each 

session.

0.6
LR
RL
CONTROL

0.4

0.2

session number

Figure 6.3a. Graph showing mean discrimination ratios for LL responding as a proportion of the 

total number of two item sequences made for the three observer groups following observation of 

left-right (UR) demonstrators, Right-left demonstrators (R/L) or no pattern demonstrators 

(CONTROL) across session respectively.
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The discrimination ratios imply that a group that saw L/R responding were more 

likely to press the left lever twice in succession across session compared with a 

group that saw R/L.

Data were subject to a two-factor ANOVA (group x session) which revealed a 

significant main effect of group F(2,35) = 4.93, p<0.05 but no main effect of session 

or interaction between the two variables F<1. Due to the absence of interactions 

between group and session, the data were collapsed ignoring session as a factor. 

Tukeys follow up tests were employed which found that Group L/R differed from 

Group R/L but neither group differed from Group NONE (control). The absence of 

differences between Group LR and Group NONE (control) and Group RL and Group 

NONE (control) implies that observation of a LR sequence promotes LL responding 

AND observation of a RL sequence reduces LL responding, with each of these 

effects being too small to be detected in isolation. The difference between LR and 

RL observers in their levels of LL responding may also reflect a small primacy effect 

which is contrary to the results from experiments 6.1 & 6.2 which highlight a 

preponderance of responding to the terminal sequence element. It may be that the 

failure to get a recency effect in this experiment is because the effect of recency 

found in previous experiments could be accounted for by scent cues deposited 

asymmetrical on the upper and lower surfaces of the left lever. In experiment 6.3, 

however, a primacy effect emerged, maybe because the demonstrators' first 

response acted as a signal to observers that their levers would soon be arriving in 

the observation compartment, and therefore following the demonstrators first 

response observers transferred their attention to that lever in their own compartment 

ignoring any second response that the demonstrator made.

Single responses

In order to make a comparison of single left and right lever presses between groups, 

a left discrimination ratio was calculated. This was done by dividing the total number 

of left responses made by the total number of left and right responses made.
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Figure 6.3b Mean left discrimination ratios for the three observer groups following observation of 

left-right (L/R) demonstrators, Right-left demonstrators (R/L) or no pattern demonstrators 

(CONTROL) across sessions respectively.

Referring to Figure 6.3b discrimination ratios imply that regardless of whether 

observers saw a LR or RL sequence of levers presses they produced a similar 

proportion of single left responses compared with a group that saw no lever 

pressing. Collapsed across session number Group UR observers produced a mean 

ratio of 0.62, Group R/L observers produced a mean discrimination ratio of 0.59 

and Group NONE (control) produced a mean ratio of 0.62.

A two-way ANOVA (session x group) yielded no main effect of group F<1, no main 

effect of session F<1 and no interaction between group and session £<1, 

demonstrating that in terms of single left or right response made to the levers no 

single group performed at a higher or lower level than any other.

General discussion

These experiments provide no evidence that rats can learn about a sequence of 

lever presses by observation of a trained conspecific. In all three experiments, 

sequence reproduction was so minimal in comparison to all other responses that in
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some cases analysis had to be confined to merely reporting the data qualitatively. 

Evidence of imitation (response learning by observation) in animals is equivocal, but 

these experiments were not testing for response learning specifically. Stimulus 

learning is sufficient to elicit sequence effects and there is no doubt that a range of 

animals show stimulus learning by observation e.g. stimulus enhancement and 

observational conditioning. Asocially rats have been shown to be capable of 

encoding the temporal position of elements within a sequence of reinforcement 

(Hulse & Campbell 1975) and learn sequences of lever presses (Reid 1994) albeit 

after many training sessions. However, these experiments do provide some 

evidence that the rats behaviour was influenced by the individual elements of the 

sequences they observed. So why is there no evidence of observational sequence 

learning here?

Indeed, in the experiments described in this chapter, although a preliminary 

attempt has been made to create the conditions necessary for observational 

learning to take place and provide rats with adequate opportunity to learn a 

sequence of lever presses via observation of a conspecific i.e. by including 

numerous sequence demonstrations over a number of sessions and pretraining of 

observers, observational sequence learning was not apparent. In all experiments 

demonstrator performance was far from perfect and a criterion of 75% correct had 

to be agreed upon as performance was not found to exceed this level of accuracy. 

In addition, in experiment 6.1 and 6.2 the integration of both directional and 

locational information under a free operant procedure was argued to reduce the 

discriminability and salience of demonstrator responses making it difficult for 

observers to distinguish between the variety of responses made. Therefore, the 

fixed trial procedure was introduced in experiment 6.3, alongside the removal of 

demonstrator up and down responding, in order to attempt to make the two item 

sequence more salient to observers during testing. Coupled with the opportunity for 

observers to respond immediately following a sequence demonstration it was hoped 

that observational sequence learning would become apparent. This was not the 

case and no evidence of observational sequence learning was found. The absence
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of any evidence of observational sequence learning might indicate that rats are 

incapable of learning sequences under these conditions, but, although these 

experiments were rationally designed, it is not possible on the basis of three 

experiments to provide support for this argument.

In my opinion, it seems futile to search for any effect of observation in a species 

that is predominantly scent driven and is known to possess poor visual acuity in 

general. Dean (1978) found that the visual acuity of rats is approximately 1 cycle 

per degree of visual angle, visual acuity being defined as the ability to resolve small 

visual detail. By way of a comparison, normal human visual acuity is approximately 

60 cycles/degree, similar to that of other primates and so better suited to 

investigations of learning by observation . Lashley (1938) suggested that,

"it seems possible that in the lower mammals there is....a qualitative 

difference in the visual perception of the environment or a 

qualitatively different organization of visual activity. In this 

organization the distinctive feature would be the dominance of the 

perception of spatial relations rather than the visual properties of 

objects." (p 347)

The consensus amongst those interested in the cerebral cortex of the rat is that the 

major use of vision in rats is primarily to detect predators and prey which is based 

primarily on sudden movements in the visual field. This ability extends to 

navigation, using distant visual cues, spatial maps, incorporating size and shape 

etc. It reflects a preoccupation with gross external movement at the expense of 

object recognition. Therefore, requiring an observer rat to learn about the lever 

presses of a demonstrator animal located at a distance potentially too far away for 

fine details to be recognised, and to learn about sequences of events which require 

the animal to see clearly fine visual detail such as location and direction of lever 

pressing, is possibly asking to much. Therefore it may be more productive to employ 

birds, in future experiments seeking evidence of observational sequence learning
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in non-primates.

Nevertheless, there does appear to be some evidence for a group difference in rats 

responding to single sequence elements in experiments 6.1, 6.2 and 6.3 which 

could be argued to be as a result of demonstrator behaviour. Heyes, Ray, Mitchel 

& Nokes (1998) found that visual observation of lever responding (aside from scent 

cues) can promote a response bias in favour of a particular lever, an effect which 

perseveres even when a different response is made after the target (to be copied) 

response and before the demonstrator is reinforced.

Finally, the fixed trial paradigm introduced in Experiment 6.3 is a significant 

innovation in experimental research in this area on social learning in animals. 

Although adjustments to the procedure may be necessary to prevent inattention to 

latter parts of the demonstrator's response, the fixed trial procedure reduces the 

interval between observation and testing, and controls for the effect of scent in ways 

that make it especially sensitive to the effects of visual observation.
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Chapter 7
Summary & Conclusions

Using a serial reaction time task similar to the one employed by Nissen & Bullemer 

(1987) the first objective of this thesis was to investigate whether humans can 

acquire sequence knowledge through the observation of a competently trained 

demonstrator in the same way as occurs following actual practice, and to identify 

the nature of the task components that might be relevant to observational sequence 

learning i.e. the stimulus or the response. The second objective was to investigate 

whether rats are capable of observational sequence learning. This was pursued 

using a two lever method, and both free operant and fixed trial procedures. The 

fixed trial procedure was an innovation in social learning research.

This summary and discussion will be divided into two sections. Section 7.1 will 

provide a summary of the experiments carried out on humans using the SRT task 

and will discuss the findings and implications arising from these studies. Section 7.1 

will argue that observation does give rise to some procedural knowledge similar to 

that which occurs following practice on the SRT task but that evidence of procedural 

knowledge following observation may only be apparent under certain conditions i.e. 

when using a unique 6-item sequence. In addition section 7.1 will argue against a 

dissociation in observer performance between measures designed to assess 

procedural and declarative knowledge respectively. Section 7.2 will provide a 

summary of the experiments carried out using rats as participants providing, once 

again, a summary of findings and a discussion as to why observational sequence 

learning might not have been forthcoming for this species. Section 7.3 will provide 

a brief summary of the conclusions arising from both the human and the rat data.

7.1 Human sequence learning and observation

In Chapter 1 it was argued that evidence of sequence learning on the SRT task 

might only be apparent following a participant^ actual involvement in keypressing
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i.e. practice (Nissen & Bullemer 1987, Cohen, Ivry & Keele 1990) and that 

observational learning might only occur on measures designed to assess subjects' 

awareness of the sequence (Funke & Miller 1988). Experiment 3.1 and 3.2 were 

designed to investigate this proposal. It is generally accepted that humans can learn 

about serial order from actual engagement in a sequence learning task i.e. practice 

(Cohen, Ivry & Keele 1990, Nissen & Bullemer 1987). However, it was not clear at 

the start of this investigation whether observation could also yield similar learning. 

Experiments 3.1 and 3.2 employed a second order conditional sequence, different 

from the type of sequence employed by Nissen & Bullemer (1987), in order to 

overcome the criticism levelled at most early studies of sequence learning. In earlier 

studies (Nissen & Bullemer 1987, Willingham et al 1989) the sequences employed 

were not balanced in terms of the number of occasions particular sequence 

elements were presented and the number of occasions sequence elements were 

paired with one another. The second order conditional sequences used in 3.1 and 

3.2 ensured that location and transition frequencies were controlled so that any 

evidence of sequence learning could be attributed to participants' knowledge of the 

order in which sequence items were presented and not to knowledge about relative 

frequencies of stimulus items. In addition, and to counter criticism of Kelly & Burton 

(in press), a control group was added. The non-practice group were required to 

complete a distracter task during the period of training where practice group 

participants responded to the sequence on the computer keyboard and whilst the 

observers watched a demonstrator involved in the task. The fact that non-practice 

group participants had little opportunity to acquire sequence information provided 

a clearer baseline against which the effects of observation could be assessed.

In Experiment 3.1, where stimuli were presented in random order during the SRT 

task test block, direct practice was found to facilitate sequence learning reliably 

more than did observing a sequence of stimuli when compared to a non-practice 

group. Observational learning conditions were found to produce elevation in RT 

similar to that of the non-practice group on the SRT task. These findings implied 

that whilst participants that are involved in actual practice appear to learn
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procedurally (Reber 1967, Reber & Allen 1978), individuals that are exposed to 

observational learning conditions appear not to be as effective as practice in 

promoting sequence learning over and above that of a non-practice group. One 

reason for the failure to find an observation sequence learning effect in Experiment

3.1 was argued to have been due to the inclusion of the random block of trials 

during block 9 of the test blocks. It was thought possible that parts of the training 

sequence may have been duplicated in block 9 thus reducing the magnitude of RT 

elevation between block 8 and block 9 on test. In addition, it was argued in chapter 

1 (section 1.1.2) that the failure to find observational learning on the SRT task may 

be due, in Experiment 3.1, to there being two dissociable memory systems, 

procedural and declarative, which reflect mechanisms responsible for structured 

sequence learning and those responsible for awareness respectively. Funke & 

Miller (1988) and Berry (1991) argued that participants who observed another 

individual employed in a task which is regarded as measuring implicit/procedural 

knowledge i.e. the SRT task, were unable to subsequently control the task 

themselves as observation may not give rise to procedural or implicit knowledge. 

On the other hand, in studies which aimed to assess levels of awareness of 

sequence structure or declarative knowledge, observers tended to show expert 

knowledge of the sequence.

Experiment 3.2 therefore included an alternative SOC sequence in block 9 to 

replace the random sequence employed in experiment 3.1 so as to reduce the 

likelihood of any replication of the training sequence during testing, and included 

a free generation task which was argued to tap into any declarative or explicit 

knowledge of the sequence participants may have acquired. Results from the SRT 

task and the free generation task were disappointing. Following Experiment 3.2 no 

effect of practice or observation were forthcoming on the SRT task and results from 

the free generation task found practice and observation to be no different to a non

practice group in the number of correct triplets they reproduced.

Failure to find an effect of actual practice on the SRT task in Experiment 3.2
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coupled with there being minimal evidence of any RT saving between training and 

testing (blocks 2-7) in Experiments 3.1 and 3.2 created cause for concern 

suggesting that the procedure used in these initial experiments was not sufficient 

to show evidence of a substantial decline in RT during training following practice. 

Therefore the experiments in Chapter 4 incorporated a change to the original 12 

item ambiguous SOC sequence by employing a six-item unique sequence, either 

124653 or 125436 (Cohen, Ivry & Keele 1990). The results from a pilot study 

(Experiment 4.1), designed to investigate the parameters necessary for 

observational sequence learning, suggested that using the 6 item sequence, and 

thus increasing the number of sequence exposures per block of trials, promoted 

sequence learning on the free generation task in addition to boosting RT elevation 

for those participants involved in the SRT task. Based upon this finding it was 

decided that employing the six-item unique might encourage the emergence of 

observational sequence learning in future experiments.

In addition the results from the SRT task data in Experiment 4.1 provided a hint that, 

given an increased amount of exposure to the 6-item sequence, observers could 

learn some procedural information about the sequence evidenced by a reliable 

increase in RT elevation at block 9, and that sequence knowledge on an implicit 

measure may not be reserved only for those participants involved in actual practice.

Based upon the findings of Experiment 4.1 (pilot study). Experiment 4.2 attempted 

to maximise the chances of observing a differential observational learning effect by 

employing the six item sequence and a greater number of participants per group. 

In this experiment, the practice group showed a reliable RT elevation between 

blocks 8 & 9 which was reliably larger than RT elevation for the non-practice and 

observation groups which were found to be equal thus confirming that learning of 

the training sequence occurred for the practice group only. Participants who 

watched another individual engaged in the task showed no evidence of learning 

evidenced by equivalent elevations in RT when compared with a non-practice 

group. If we compare these findings with subjects' performance on the free-
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generation task in experiment 4.2 we see quite the opposite. That is, when 

participants were required to reproduce the training sequence in the free generation 

task, observers reproduced more parts of the training sequence than non-practice 

participants.

Surprisingly, practice participants in this experiment also performed at a similar 

level to observation participants on the free-generation task implying that these 

participants gained both procedural and declarative sequence knowledge.

Reasons for the apparent dissociation in observers' performance in Experiment 4.2 

were explored in Experiments 4.3 & 4.4. In Experiment 4.2, practice and observation 

group's good performance on the free-generation task may have been as a result 

of the inclusion of three extra refresher blocks of sequence trials placed immediately 

after employment in the SRT task and prior to employment in the free-generation 

task. It is possible that including these refresher blocks of trials following the SRT 

task provided observers with an opportunity for extra learning encouraging good 

performance on the free-generation task in Experiment 4.2. Therefore, it could be 

argued that practice and observation groups reliably replicated more correct triplets 

compared with a non-practice group due to additional opportunity for extra learning 

which occurred during the refresher blocks rather than practice and observation 

groups good performance on the free-generation task being as a direct result of the 

development of explicit knowledge . Results from Experiments 4.3 & 4.4 supported 

the hypothesis that inclusion of the refresher blocks may in some way have 

contributed to the observation effect found in Experiment 4.2 and could not be 

wholly attributed to the formation of declarative knowledge alone.

In combination, these experiments did not find evidence of a dissociation between 

SRT task and free generation task performance suggesting that describing observer 

performance in terms of a dissociation that might exist between observer acquisition 

of procedural and declarative knowledge is not an appropriate distinction to make. 

There was, however, evidence of observational sequence learning (relative to non
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practice) on both measures with the 6-item sequences. Experiments 4.1, 4.4 & 5.2 

showed evidence of observational sequence learning on a measure of procedural 

knowledge and experiments 4.2, 5.1 & 5.2 provided instances of observational 

sequence learning on a measure of declarative knowledge. The evidence for 

observational sequence learning on tasks intended to measure procedural 

knowledge of sequences is at present equivocal. Berry (1991) found evidence for 

observational learning on an implicit measure only when the nature of the sequence 

was defined as salient and Howard et al (1992) found that observers performed at 

a similar level to practice subjects on a tapping task similar to the one used by 

Nissen & Bullemer (1987) only when participants were exposed to the stimulus 

array alone and not in the presence of a demonstrator. In contrast, Kelly & Burton 

(in press) found no evidence of observational sequence learning using an SRT task. 

Opponents who argue against a dissociation in observer performance between 

measures of implicit knowledge and measures designed to assess awareness of 

sequence structure (Jacoby 1991, Perruchet & Amorim 1992) do so on the basis of 

the extent to which these different tasks are considered to be factor pure. Jacoby 

(1991) argued that we should not equate cognitive processes with the tasks we use 

as we cannot be sure that they are impervious to contamination. Similarly, Perruchet 

& Amorim (1992) found a close correspondence between subjects' awareness of the 

sequence and the changes in RT during the learning phase of the tapping task to 

various components of the sequence. They found that sequence items which 

produced fast RT's on the SRT task were more readily reproduced in the free 

generation task in comparison with other sequence items. In addition, they tested 

participants' declarative knowledge at various stages of the SRT task and 

concluded that explicit sequence knowledge was apparent after only a few blocks 

of trials.

The fact that there was no evidence for a dissociation following experiments in 

chapters 3-5, but there was evidence of observational sequence learning on both 

the SRT task and the free generation task, may indicate that both procedural and 

declarative sequence knowledge can be acquired by observatic^vr Alternatively
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findings may indicate that declarative knowledge alone was acquired. Any 

conclusions must be dependant upon the extent to which it is felt that the SRT task 

is factor-pure. The former hypothesis assumes that SRT performance necessarily 

reflects procedural knowledge (i.e. that this test is factor-pure), whilst the latter 

hypothesis, assumes that procedural and declarative knowledge, or both, determine 

SRT performance.

Experiment 5.1 & 5.2 made an attempt to clarify this matter by looking more 

specifically at the nature of the inputs and the method of storage that might be 

integral to observational sequence learning with a view to ascertaining the specific 

nature of the knowledge gained following observation. Experiment 5.1 looked at the 

nature of the inputs necessary for observational sequence learning by focusing 

participants attention on particular components of the SRT task thus altering the 

observational experience for each group. One group saw the finger movements of 

the demonstrator only, a second group saw the order of stimulus location on the 

computer screen only and a final group were exposed to a combination of the two 

in line with previous experiments. Results found that on the SRT task all observer 

groups performed at a level similar to that of a non-practice control suggesting that 

on an implicit measure of sequence learning no specific input predominated. 

However, free generation task results found that all observer groups performed at 

a level that was reliably higher than that of the non-practice group. It was argued 

that the effect of observing a combination of both the hands and screen 

simultaneously did not result in an additive effect as observer attention was divided 

between the two inputs. These results implied that on an explicit measure of 

sequence learning, each of the various inputs; stimulus, response and a 

combination of the stimuli and responses, was sufficient to provide evidence of 

observational sequence learning on this measure.

Experiment 5.2 extended this hypothesis further and looked at a related issue. It 

had been established in Experiment 5.1 that observers could learn about a 

sequence equally well from stimulus inputs as from response inputs but the
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question remained as to whether this information was stored in terms of a 

perceptual or a motor code. Evidence of motor coding of sequence knowledge 

derived from observation would support the hypothesis that procedural, as well as 

declarative sequence knowledge can be acquired by observation.

On the initial SRT task in Experiment 5.2 observers and practice participants were 

found to show equal and reliable RT elevations and these were greater than the 

non-practice group. On the free generation task observers and practice group 

participants were also found to reproduce reliably more correct triplets compared 

with the control group. This result could be construed as practice and observation 

conditions resulting in the formation of both procedural and declarative knowledge, 

however, it could also be argued that it reflected declarative knowledge only due 

to the inadequacy of the SRT task to measure procedural knowledge alone.

During the transfer conditions in Experiment 5.2, where the nature of the stimulus 

presentation or the nature of the response made to the sequences was altered, a 

clearer indication of the nature of the knowledge acquired was found. Observers 

sequence knowledge on the SRT task was found to be greatly affected by changes 

made to the nature of the response they were required to make, but unaffected by 

changes made to stimulus presentation. That is, when observers were required to 

respond to the keys on the keyboard on test using their thumbs only rather than 

using three fingers on each hand as they had during training, sequence knowledge, 

indexed by changes caused to RT, was demolished. This result confirmed that 

observers not only learned about the sequence on the basis of the responses they 

had seen being made by the demonstrator during training but also stored that 

information in terms of a motor representation. Similar to observers, practice group 

participants were also largely affected by changes made to the nature of the 

responses implying that motor learning was in operation here. In contrast, when 

observers were exposed to a transfer condition which altered the nature of the 

stimulus presentation, sequence knowledge remained in tact suggesting that 

although sequence information can be acquired on the basis of stimulus input alone
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this stimulus information is not stored in terms of a perceptual code. These findings 

supported the view that motor and perceptual processes may develop 

independently in line with Stadler (1989) and Zeissler (1998) and are in opposition 

to the view that motor and perceptual processes are inextricably linked (Willingham 

et al 1989). A suggestion for future research might be to carry out a replication of 

Experiment 5.1 and incorporate the transfer task employed in Experiment 5.2. To 

expand, groups would be exposed to either the hands of the demonstrator only, the 

screen movements of the dots on the SRT task only or a combination of both hands 

and screen. This would then be followed by both the stimulus and response transfer 

task. By utilising this approach it would be possible to assess the relative effects of 

stimulus and response learning following observation of the stimuli or the response 

alone.

The experiments described and discussed in this thesis suggest that observation 

may give rise to learning that is similar to that which follows actual practice on the 

SRT task and that this learning is motor learning. However, many questions remain 

to be resolved, such as why observational learning was not apparent following 

every replication of the SRT task. Following Experiment 4.4 and in Chapter 5 it was 

argued that there are many unknown factors which may influence the quality of the 

observer experience. These include factors such as model status (McCullagh 1986), 

the amount of attention individual observers pay to demonstrations of the sequence 

and observer expectations of the task itself. In my own view this 'here one day, gone 

the next' situation reflects the influence of these various factors on task performance 

and are very difficult to control for. Howard et al (1992) looked at the influence of 

providing differing or conflicting levels of instruction to participants prior to 

involvement in a sequence learning task and found that performance was affected 

positively or negatively dependant upon the context in which the learning took 

place. Therefore any future studies may wish to explore further the effects on 

observer performance of altering the amount of instruction observers receive and/ 

or type of instruction in order to ascertain the factors most likely to influence their 

ability to learn about sequences. In hindsight, and to counteract any influence of
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the refresher blocks on observer performance on the free generation task, any 

future studies may wish to counterbalance the order in which participants carry out 

these tasks. Experiments may require half of the participants in a study to carry out 

the SRT task prior to the free generation task with the remaining half employed in 

the free generation task prior to participation in the SRT task. This way any effects 

of counterbalancing the order of task presentation on performance can be assessed 

at the time of testing.

In addition, much research is required to establish the true nature of tasks 

employed to assess implicit/procedural sequence knowledge and 

explicit/declarative knowledge respectively. If any firm claims are to be made 

regarding the type of knowledge acquired on the part of observers it is first 

necessary to establish the extent to which the SRT task and the free generation 

task measure unconscious and conscious processes. Perruchet & Amorim (1992) 

and Jacoby (1991) have gone some way towards addressing this problem but more 

work is required in this area. We may find that it is impossible to assure the factor- 

pureness of these measures, knowledge of which must be taken seriously when 

interpreting findings and making any conclusive claims with regard to any learning 

which took place. At present, it must be accepted that good performance on these 

measures does not provide us with an unambiguous test of sequence knowledge.

7.2 Rat sequence learning and observation.

In Chapter 2 it was argued that rats are capable of learning about stimuli via 

observation (Jacoby & Dawson 1969, McQuoid & Galef 1992) and that they can 

learn sequences of stimuli and responses asocially (Hulse & Campbell 1975, Reid 

1994, ), but the question remained as to whether rats could learn a sequence of 

stimuli or responses following observation of a trained conspecific. Whiten (1998) 

provided the only evidence of observational sequence learning to date which 

suggested that animals (chimpanzees) were capable of learning about a two item
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sequence following observation of a human demonstrator and that this learning may 

occur primarily through associative processes (D'Amato & Colombo 1991). 

Therefore it was expected that the same processes would be seen to be in 

operation in rat observational sequence learning.

Experiments 6.1 & 6.2 sought evidence of observational sequence learning using 

a standard two action test incorporating both location and directional information. 

By placing observers and demonstrators in the same operant chamber during 

observation sessions , a free-operant procedure was carried over to testing. Based 

upon evidence from Terrace (1991), who suggested that in order for rats to learn 

a sequence the individual sequence elements must be available within a rats 

current repertoire, observer rats in Experiment 6.1 were pretrained on each lever 

and in each direction in isolation prior to observing a competently trained 

demonstrator executing a sequence. Results showed no evidence of observational 

sequence learning by comparing sequence discrimination ratios. However, when 

data was analysed in terms of the individual responses that made up the sequence, 

analysis revealed a recency effect (Shimp 1976). That is, if observers were exposed 

to the sequence RDLU they were reliably more likely to press the lever left up than 

observers who had been exposed to a RULD sequence. The effect of recency was, 

however, only apparent during one testing session therefore no firm conclusions 

based upon this result can be made and interpretation should be approached with 

extreme caution. Scent cues deposited on the terminal sequence element may have 

been responsible for the recency effect, but it was not clear why a comparable effect 

was not found for right lever responding.

Although Terrace's (1991) suggestion that pretraining animals prior to observation 

would promote evidence of sequence learning as individual sequence elements 

would be now present in their repertoire, it was thought that the biases in 

responding that emerged during training may have resulted in a carry over effect 

during testing, in part leading to a failure to find evidence for the reproduction of 

observed sequences. Therefore Experiment 6.2 dispensed with pretraining the
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observer rats. Results of Experiment 6.2 demonstrated that, regardless of the 

exclusion of pretraining, observers who saw a sequence demonstrator were no 

more likely to reproduce sequences of responses than a control group that had 

been exposed to demonstrators that merely collected food pellets from the food tray. 

In fact the level of reproduction of observed sequences was minimal (2% of total 

responding). Analysis of the individual responses that made up the sequences, 

revealed a recency effect and this time the effect was consistent across sessions.

It was thought that experiments 6.1 & 6.2 may have failed to provide evidence of 

observational sequence learning because the sequences RULD and RDLU were 

not sufficiently distinct. Thus in experiment 6.3, observers were exposed to 

demonstrators pressing LR or RL before testing. The primary function of the fixed 

trial procedure employed in experiment 6.3 was to enhance the salience of the 

sequence and to decrease the delay between observation of a sequence and 

testing. This procedure also helped to obliterate any effects that scent cues might 

have on observer behaviour following the recency effects found in Experiments 6.1 

and 6.2. This new procedure meant that observers could manipulate their own 

levers immediately following a single demonstration of the sequence by the 

demonstrators. However, even following these changes to the procedure observers 

reproduction of demonstrated sequences was found to be so low that it did not 

warrant statistical analysis. Analysis of perseverating sequences on the other hand 

e.g. LL or RR sequences, yielded an effect of primacy which was in direct contrast 

to the preceding two experiments. If an observer had been exposed to a LR 

sequence they were found to make a greater proportion of LL responses compared 

with a group that was exposed to a RL sequence. The emergence of a primacy 

effect was argued to be due to observer rats paying more attention to the 

demonstrators first response and so neglecting to pay attention to any second 

response the demonstrator made, in the absence of scent cues. Shimp (1976) 

argued that making changes to the retention interval between demonstrator 

responding and observer responding may have a profound effect on the emergence 

of both recency and primacy effects. Having a small retention interval increased the
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possibility of the emergence of a primacy effect as in Experiment 6.3 whilst a longer 

retention interval was found to promote a recency effect as in Experiments 6.1 and 

6.2. When making adjustments to the fixed trial procedure, for use in future studies, 

it would be appropriate to examine the effects of making changes to the time interval 

between demonstrator sequence execution and observer lever manipulation in an 

attempt to eradicate the effects of primacy and recency thus promoting sequence 

learning.

Overall experiments 6.1, 6.2 and 6.3 provided no evidence of observational 

sequence learning and there are a number of suggestions as to why this might be 

the case. It could be argued that the failure to find any effect of observation might 

indicate that rats are incapable of observational sequence learning, however, on the 

basis of only three experiments it is not possible to state this categorically. Although 

some adjustments are required to this procedure to ensure that observers pay full 

attention to the latter parts of the demonstrators response, possibly by requiring 

observers to orient towards a particular location on the wall separating the 

observation and demonstration compartment prior to observer levers being inserted 

into the observation chamber, or making changes to interval between demonstrator 

responding and observer responding, this procedure should be viewed as a 

significant innovation in experimental research on social learning in animals. In 

addition, rats are known to possess poor eyesight, particularly in terms of their 

visual acuity ( 1 cycle per degree. Rats, 60 cycles per degree. Humans) and so may 

not be an ideal species with which to investigate learning of this kind. Maybe 

studies of this nature should be confined to using birds or apes who are known to 

have eyesight similar if not better than our own. However, on a more positive note, 

the evidence for learning about responding to single sequence items is more 

convincing and is supported by other experimental data (Heyes, Ray, Mitchell & 

Nokes, under review). The new fixed trial procedure, however, requires some 

refinement which can only take place following continued use. However this 

procedure is a significant innovation within the field of observational learning.
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7.3 Conclusions

Evidence reported in this thesis suggests that humans are capable of learning 

about sequences on an implicit task following observation of a trained demonstrator 

but implies that the evidence of observational sequence learning in this instance 

may be limited to situations where the sequence to be learned is unique in structure 

(Cohen, Ivry & Keele 1990) and the amount of sequence exposure is increased to 

16 exposures per block of trials in contrast to the 8 exposures employed in 

experiments 3.1 and 3.2. Some evidence was also found that knowledge of the 

sequence following observation on the SRT task was stored in terms of a motor 

code in much the same way as occurs following actual practice. This finding is 

contrary to the view that actual practice is integral to the formation of sequence 

knowledge on an implicit measure of learning and that observation alone is 

insufficient to promote sequence learning (Funke & Miller 1998). In addition, 

evidence of a dissociation in observer performance between measures designed 

to assess procedural and declarative knowledge was not forthcoming and so it was 

concluded that this was not an appropriate distinction to make when characterising 

observer performance on the SRT task. However, it should be noted that the debate 

surrounding the factor-purity of measures designed to assess procedural and 

declarative knowledge remains unresolved.

The experiments with animals found no evidence of observational sequence 

learning in rats using either a free operant or a fixed trial procedure. On the basis 

of just three experiments it cannot be concluded that rats are incapable of this type 

of learning. It would be desirable in future studies to promote and monitor observers' 

attention to demonstrator performance, and seek evidence of observational 

sequence learning in species with greater visual acuity, and less olfactory 

dominance, than the rat.
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