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Abstract

In the recent decades, within the multiple memory systems framework the notion of 
memory processing systems which have a strategic control over memory processes 
both at encoding and at retrieval has been raised, but few studies have been done to 
reveal the system functioning in a memory task. Although several different terms are 
being used to refer to these memory systems, the preference of this thesis will be the 
term "supervisory systems", proposed by Norman and Shallice (1980) for such narrow 
purpose of attentional control of action but later on generalized to memory systems 
(Baddeley, 1986).

This thesis examined the kind of strategic processes associated with supervisory 
functioning at encoding and retrieval phases of different memory tasks by using dual 
task methods. Experiments one to three studied supervisory system functioning in the 
free recall of categorized lists. The results showed a secondary task effect on encoding 
but an effect on retrieval was observed only when the experimental lists contained 
items from four or six different categories. There was no secondary task effect on recall 
of lists with two categories. This finding indicated that the role of supervisory systems 
in the retrieval of categorized lists is associated with the search for different categories 
and that, once a category name is found, the recall of items from a particular category 
is relatively automatic. Experiments four to eight examined supervisory processing in an 
A-B A-C paradigm. The results of experiments four and five showed that the secondary 
task interference with retrieval led to an increase in intrusion errors. This was 
interpreted as an indication of the working of supervisory verification processes in recall 
of A-B A-C lists. In addition, the results of experiments five to eight supported the 
strategic encoding processes suggested in Mediational theory (Arkes and Lyons, 1979). 
An important finding of A-B A-C experiments was that, in A-B A-C learning, a secondary 
task interference with learning of one of the two lists harms learning of the other list 
learned and recalled in the absence of the secondary task. Experiments nine to eleven 
examined event confusion in the recall of lists containing event elements. The results 
showed that performance of a secondary task led a clear event element confusion 
when subjects were asked to recall related event element lists. This effect was 
diminished when unrelated event lists were used.
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Conclusions are as follows: first, the present thesis produced a detailed account of the 
cognitive processes that operate at encoding and retrieval of three different memory 
tasks, namely free-recall of categorized lists, cued-recall of A-B A-C lists, and free-recall 
of event element lists. Second, in line with some of the recent views (e.g. Hayes et al, 
1996), it is accepted that the concept of supervisory system suffers from a certain

a vistpüN VVvtore-h’̂ d)
vagueness in its definition, but it does have a recognizable outlinee. Third, it is believed 
that the suggestions concerning the supervisory functioning provided plausible and 
good explanations for the complex patterns of the results obtained in the present 
experiments by using dual task manipulations and manipulation of task demands.

Ill



Contents Page
Acknowledgements I
Abstract II
List of Tables VIII
List of Figures X

CHAPTER ONE
1 Supervisory Systems 1
1.1 Introduction 2
1.2 Memory and its Control 2
1.3 Baddeley & Hitch's Model; Central Executive System 4
1.4 Fedor's Model: Central Systems 5
1.5 Norman & Shallice's Model: Supervisory Systems 7
1.6 Recent Views, Models of Supervisory Systems and Critical

Aspects of the Psychological Construct 10
1.7 Neuropsychology of Supervisory Systems 13
1.7.1 Anatomy of Supervisory Systems 14
1.7.2 Norman & Shallice's (1980) Five-supervisory-system-sensitive

Situations and Neuropsychological Findings 15
1.7.3 Frontal Syndromes 17
1.7.4 Confabulation 21
1.8 Two processing stages of memory: Encoding and Retrieval 24
1.8.1 Supervisory Systems at Encoding 24
1.8.2 Supervisory Systems at Retrieval 25
1.9 Dual Task Paradigm and Studies 29
1.9.1 Capacity Sharing, Bottleneck, and task interference 30
1.9.2 The Critical Aspects of Dual Task Paradigm 33
1.9.3 Interference to Supervisory Functioning: Dual task

studies 37
1.10 Summary 48

IV



CHAPTER TWO
2 The Paradigms of the Memory Tasks used in the Thesis and the Outline of 

the Experiments 49

2.1 Introduction 50
2.2 Free recall of Categorized lists: Clustering Processes 50
2.3 Differentiation of Common-category-item Lists: A-B A-C

Paradigm 54
2.4 Event Knowledge and incorrect remembering of events 64
2.4.1 Event knowledge structure and a comparison with the other types of

conceptual knowledge 64
2.4.2 Incorrect recall of events 66
2.5 Outline of the experiments 68

CHAPTER THREE
3 Experiment 1 and Experiment 2: Supervisory Functioning in Free-recall of 

Categorized Lists 74
3.1 Introduction 75
3.2 Experiment 1 77
3.2.1 Method 79
3.2.2 Results 81
3.2.3 Discussion 85
3.3 Experiment 2 85
3.3.1 Method 86
3.3.2 Results 88
3.3.3 Discussion 92
3.4 General Discussion 92

CHAPTER FOUR
4 Experiment 3: Supervisory functioning in the Retrieval of Categorized Lists 

Revisited 97
4.1 Introduction 98
4.2 Method 105
4.3 Results 109

V



4.4 Discussion 113

CHAPTER FIVE
5 Experinnent 4: Supervisory Systenn Functioning at the Retrieval

of an A-B,A-C List Differentiation Task 118
5.1 Introduction 119
5.2 Method 123
5.3 Results 125
5.4 Discussion 129

CHAPTER SIX
6 Experiment 5: Supervisory System Functioning at the A-B, A-C List

Differentiation Task Revisited: Encoding Processes & Retrieval Processes 135
6.1 Introduction 136
6.2 Method 143
6.3 Results 144
6.4 Discussion 149

CHAPTER SEVEN
7 Evidence for Mediational Theory 156
7.1 Introduction 157
7.2 Experiment 6 159
7.2.1 Method 159
7.2.2 Results 161
7.2.3 Discussion 164
7.3 Experiment 7 166
7.3.1 Method 167
7.3.2 Results 168
7.3.3 Discussion 171
7.4 Experiment 8 173
7.4.1 Method 174
7.4.2 Results 175
7.4.3 Discussion 178
7.5 General Discussion 178

VI



CHAPTER EIGHT
8 Secondary Task interference with Free-recall of Event Elements: Related and

Unrelated Event Element Lists 183
8.1 Introduction 184
8.2 Experiment 9 192
8.2.1 Method 192
8.2.2 Results 194
8.2.3 Discussion 195
8.3 Experiment 10 196
8.3.1 Method 199
8.3.2 Results 201
8.3.3 Discussion 204
8.4 Experiment 11 205
8.4.1 Method 206
8.4.2 Results 208
8.4.3 Discussion 212

CHAPTER NINE
9 General Discussion 223
9.1 Introduction 224
9.2 Summary of the experiments 225
9.2.1 Experiment 1 and Experiment 2 225
9.2.2 Experiment 3 227
9.2.3 Experiment 4 228
9.2.4 Experiment 5 229
9.2.5 Experiments 6, 7 and 8 231
9.2.6 Experiments 9, 10, and 11 232
9.3 Supervisory Systems: Norman & Shallice's (1980) Model 234
9.4 Dual Task Deficit 238
9.5 Encoding versus Retrieval 242
9.6 Retrieval of events and Confabulation 244
9.7 Concluding remarks and future directions 245

References 248
Appendices 267

V II



List o f Tables Page

3.1 Mean Number of Correctly Recalled Words and Clusters as a Function of the 
secondary task load 83

3.2 Mean Number of errors as a function of the secondary task load 84

3.3 Mean number of words correctly recalled, clusters and the corresponding standard 
deviations as a function of the secondary task load 90

3.4. Mean number of errors and standard deviations as a function of the secondary task 
load 91

4.1 Mean number of words recalled and corresponding standard deviations as a
function of the secondary task load 110

4.2 MRR scores representing clustering and corresponding standard deviations as a
Function of the secondary task load 111

4.3 The mean number (%) of categories recalled and the number of items recalled per 
category by the groups as a function of the three list type conditions 112

5.1. Mean Performance on the A-B and A-C lists as a function of the secondary task 
load 127

6.1 Mean Performance on the A-B and the A-C lists as a function of the secondary task 
load 146

7.1 Mean performance on the B and the C items and the standard deviations as a
function of the secondary task load 162

7.2 Mean performance on the B and the C items and the standard deviations as a
function of the secondary task load 169

V III



7.3 Mean performance on the B and the C items and the standard deviations as a 
function of the secondary task load 176

8.1. Extracts from the retrieval statements of the subjects 187

8.2. An example for momentary confusion 189

8.3. An Example from the event categories 191

8.4 The mean number of elements correctly identified per event category and that 
classified as the elements of an incorrect event category and the results of t tests 
(CCEE: correctly-classified-event-elements, ICEE: incorrectly-classified-event-elements) 195

8.5. Mean performance on List 1, List 2 and the corresponding standard deviations as a 
function of the secondary task load 202

8.6. Mean Performance on the first and the second lists as a function of the secondary 
task load 209

IX



List o f Figures Page

3.1 The structure of the word lists 78
4.1 The structure of the word lists 107

X



CHAPTER ONE

SUPERVISORY SYSTEMS



1.1 Introduction

The present chapter will present views, models and criticisms concerning the 

psychological construct to which will be referred as supervisory systems. It will 

draw attention to the similarities of some ideas proposed by different models. 

Then, a selective overview of some neuropsychological research and theoretical 

concerns in relation to the supervisory systems will be highlighted. After that 

some suggestions about the variety of strategic processes that are viewed as 

functions of the supervisory systems at encoding and at retrieval will be 

presented. This is because the experiments conducted in this thesis involve the 

manipulation of some memory tasks at these two stages. Finally, the dual task 

paradigm which is a method used in manipulating the functions of the 

supervisory systems will be considered and the relevant dual task studies will be 

reviewed.

1.2 Memory and its Control

A fundamental division between the structural features of memory and the 

control features of memory has been suggested (Atkinson and Shiffrin, 1968). 

Atkinson and Shiffrin (1968) defined the structural components of memory as 

permanent systems "with built-in processes that are unvarying and fixed from 

one situation to another" (p.90). Three structural components of memory were 

identified by them: (1) sensory registers, each of which is responsible for initial 

registration of incoming information within an appropriate modality, (2) a short

term store (STS) which holds temporary, active information and (3) a long-term 

store (LTS) which holds passive, inactive, permanent information (see also 

Schneider & Shiffrin, 1977). The extensive literature on the structural features of



memory will not be provided here, as it is not in the primary topic of the thesis.

The control processes of memory are defined as not permanent but "transient 

phenomena" (Atkinson and Shiffrin, 1968, p.106) selected, constructed, and used 

at the option of the subject. The use of control processes had been identified as 

one processing mode of memory (Atkinson and Shiffrin, 1968) but later on two 

processing modes of memory were recognized: the use of (1) automatic 

processes and (2) controlled processes (Shiffrin and Schneider, 1977). Shiffrin 

and Schneider (1977) presented comparable features of the two processing 

modes, which can be summarized as follow: (a) the automatic processing is the 

activation of a learned sequence of elements in long-term memory that is 

initiated by appropriate inputs and then proceeds automatically, whereas the 

controlled processing is the activation of a temporary sequence of elements 

under the control of the subject; (b) the controlled processes are capacity-limited, 

whereas the automatic processes can operate without stressing the capacity 

limitation of the system and; (c) the controlled processes are attention 

demanding (requires active attention by subjects), whereas the automatic 

processes can operate without the necessity of active control or attention by 

subjects.

Although the above statements may seem to suggest that one can divide 

cognitive tasks into two according to which processing mode (automatic or 

controlled) is in operation, Shiffrin & Schneider (1977), in fact, argued that 

controlled processes are often used to initiate automatic processes and they, 

further, stated that automatic and controlled processes can proceed in parallel 

with one another in performing a task. This parallel functioning was held to allow 

the organism to make efficient use of a limited-capacity processing system



(Shiffrin & Schneider, 1977). This was pointed out as one of the several 

advantages of a system which has not one but two processing modes.

As Shallice (1994) reported, the concepts of controlled processes have been 

developed since the early 1970s. In fact this development was slow and 

produced more questions than answers. Apart from the term controlled 

processes, there are variety of terms which were used to refer to the 

psychological construct associated with higher level mental control. Some of 

these terms are as follow: conscious strategies (Posner & Snyder, 1975), 

effortful processes (Hasher & Zacks, 1979), strategic processes, prefrental 

strategic processes (Moscovitch, 1994a), executive systems/functions 

(Baddeley, 1986; Lyon and Krasnegor, 1996), supervisory systems (Burgess & 

Shallice, 1996). Although these terms are all associated with higher level 

functioning, the concepts underlying the terms are not exactly the same. Some 

such as effortful processes are used to refer to higher level processes in a much 

broader sense than some others and some such as supervisory systems are 

introduced as a specific model with some certain features and functions.

1.3 Baddeley & Hitch's Model: Central Executive System

Baddeley and Hitch (1974) replaced the term short-term memory (STS) used by 

Atkinson & Shiffrin with "working memory". They did not just rename the STS 

but, instead of an unitary short-term store responsible for a range of memory 

phenomena, they proposed a 3-component-system for the temporary 

maintenance and manipulation of information during the performance of a range 

of cognitive tasks (Baddeley, 1986). The three components are the central 

executive system and its two slave systems: (1) articulatory or phonological loop



which holds speech-based information and (2) visuo-spatial scratchpad or 

sketchpad which holds visuo-spatial information.

Baddeley (1986) described his early views of the central executive as some type 

of supervisor or scheduler, capable of selecting strategies and integrating 

information from several different sources. In contrast to the two slave systems, 

the concept of central executive was somewhat vague but Baddeley assumed 

that central executive functioning was related to two phenomena, namely 

attention and consciousness. Baddeley foresaw that, in order to understand and 

attempt to characterize the functions of central executive system, he needed the 

literature on memory control which did not exist at the time he and Hitch (1974) 

proposed the idea of executive system. But in 1980 Norman and Shallice 

proposed a model for control of action which supplied the necessary framework 

for Baddeley's attempts to characterize the functions of the central executive. 

Baddeley's views concerning the functions of executive system will be 

discussed with Norman and Shallice's (1980) model later. However, it should be 

noted that Baddeley (1986, 1994) saw the central executive system as the 

coordinator of memory processes, a memory control system which is capable of 

selecting strategies.

1.4 Fodor's Model: Central Systems

While Baddeley (1986) proposed to use Norman & Shallice's (1980) model as a 

working hypothesis for the central executive, another memory theorist, 

Moscovitch (1992a, 1992b, 1994b) adapted Fodor's model for his theorizing on 

the higher order memory systems. For this reason Fodor's model will be 

discussed here. It should though be pointed out that Fodor's model is a global



one, not intended to explain nnerely the organization of memory systems.

Fodor (1983) hypothesized that mind is made up of input systems and central 

systems. He proposed three main properties for the Input modules: (1) they are 

domain specific, that is they analyze incoming information from only one domain 

e.g. hearing, sight or touch; (2) they are encapsulated, that is once sensory 

information is picked up by an input system, the system processing cannot be 

interfered with higher order systems; and (3) they generate shallow outputs 

which are automatic and not available to consciousness. This automaticity and 

"unconsciousness" of the modules come from the fact that the modules can 

process only a single input at a time.

Fodor (1983) arrived at his suggestions for the characteristics of central systems 

by arguing that there are some cognitive activities of mind that would not be 

explained as functions of modules. Fodor considered that some other systems 

must behave in just tbe opposite way to that of the input systems. Therefore, 

the first characteristic of central systems is, that they are domain-neutral. That is 

they get information from various sources/domains; not just from one domain as 

the input systems do. Next, Fodor suggested that the typical function of the 

central systems is fixation of a belief which involves processes of rational non

demonstrative inference, and that these processes are non-encapsulated. Fodor
belieps

suggested that the fixation of boliovos is the process of arriving at "best 

hypotheses about what the world is like" (p. 104) by using all the information an 

organism has access to (the information brought by input systems and the 

information in memory).

Fodor (1983) did not discuss empirical evidence which would support his ideas



about central systems, nor did he propose any method for studying central 

systems empirically. Fodor argued that the properties of central systems are too 

global, so that how these global properties function cannot be understood. Thus, 

Fodor did not have much hope for any experimental studies of central systems. 

However some authors disagreed with Fodor's first law and argued that there 

are some aspects of central systems which can be studied (e.g. Marshall, 1984).

When Moscovitch (1994b) applied Fodor's model to memory processing 

systems, he retained, as he put it, the "core" assumptions of the model and 

argued that "memory consists of the operations of modules and central systems" 

(p.271) which are, in Fodor's model, constituents of mind (brain). Moscovitch's 

aim was to show how Fodor's idea of modules and central systems accounts for 

performance of normal subjects and memory-impaired patients on different 

types of memory tests. Moscovitch's views and studies concerning memory 

tests will be discussed later on in this chapter.

1.5 Norman & Shallice's Model: Supervisory Systems

Norman & Shallice (1980) proposed a model for "control of actions by attentional 

mechanisms", which later on was generalized to "control of thought 

selection/process" (Shallice & Burgess, 1993). Baddeley (1986) took the Norman 

& Shallice model, in his terms, "off the shelf" (p.226) and virtually said here is 

how central executive systems work in general as memory processing systems. 

In this section, first the Norman & Shallice model will be reviewed, then two 

applications of the model to "slips of actions" and to a cognitive task - the random 

generation task - will be discussed.



The Norman & Shallice model (1980) had three components: ‘Trigger data base" 

is the first psychological component of the model which has a potential to 

"recognize" sensory inputs as "psychological inputs" and triggers schemas and 

provides input to the system (Shallice, 1994). The second component is the 

"source schema" of the system called "contention scheduling mechanisms". 

Contention scheduling is a network of schemas which has a complex but 

automatic way of functioning. The schemas are connected to each other with 

activation or inhibition values which are established through past experience 

(Norman & Shallice, 1986). Thus, each schema has an ability to activate or inhibit 

other schemas. In different situations, more than one schema will usually be 

activated at the same time, which may create a conflicting situation. So, for 

example, two schemas can get activated by an input but one can act as an 

inhibitor and neutralize the effect of the other active schema and thereby 

dominate the situation. This computation of activation/inhibition values is 

automatically done within contention scheduling. Thus, in terms of the controlled 

process and automatic process distinction made in the memory and its control 

section before, the idea of contention scheduling offers mediator processes 

which can be called "automatic controlled processes".

Finally, the third component of the Norman & Shallice (1986) model, which, 

according to Baddeley (1986), corresponds to the central executive, is called the 

supervisory system which modulates the above mentioned automatically 

controlled processes. The supervisory systems modulate the selection of 

schemas by applying extra activation and inhibition to schemas, in order to bias 

their selection within contention scheduling (Norman & Shallice, 1986). In sum, 

Norman & Shallice's model offers two levels of controlled processes, one is at 

the level of contention scheduling (automatic controlled processes) and the



second at the higher level of supervisory systems (Shallice, 1994) which can be 

called "supervisory controlled processes".

The Norman & Shallice model has been applied to a number of phenomena

(Norman & Shallice, 1980, 1986). Here the phenomenon of "slips of actions",

described as the performance of an action that was not intended (Reason, 1984),

will be discussed because it demonstrates well the failure of the control
9cf«c/

processes of supervisory systems is a#  upon the contention scheduling. Slips of 

action phenomenon occur in highly practised activities (action sequences that are 

performed automatically) which, as suggested by Norman & Shallice, would be 

executed by the contention scheduling mechanisms. But, this does not mean 

that supervisory systems are not involved at all in any stages of the highly 

practised activities. Reason (1984) proposed that during the early stages of 

motor learning, the central processor (supervisory systems) has a moment-to- 

moment control but, as a result of extensive practice, this moment-to-moment 

control is replaced with control at "critical decision points" (p.521). Thus, at such 

critical decision points, supervisory systems are required and if supervisory 

systems fail to switch back attention/control on to the task at hand, slips of 

actions occur.

Finally, the Norman & Shallice (1986) model is also used to explain the 

performance of some cognitive tasks, an example of which will be given here. In 

a study where a random letter generation task has been used, subjects have 

been asked to produce a stream of letters at rates ranging from two letters per 

second to one every four seconds (Baddeley,1986). The results of this study has 

shown that the subjects produced more and more pairs of letters and common 

initials (e.g. XY, TV) with the decrease in the time allowed per response.



Baddeley (1986) explained these findings with the Norman & Shallice model in 

the following way: Production of stereotyped letters is a relatively automatic 

process operating at the level of contention scheduling and supervisory systems 

are needed to modulate this stereotyped output in order to comply with the 

instructions of the random generation task. What the study results imply is that 

when enough time is given for random generation, the supervisory system can 

effectively control and break up stereotyped output, which leads to relatively 

random responses. However, the supervisory systems' limited control over 

stereotyped letters diminishes with the limited time.

1.6 Recent Views, Models o f Supervisory Systems and Critical Aspects o f 

the Psychological Construct

Borkowski and Burke (1996) declared that the concept of supervisory systems, 

to which they refer as executive systems, is useful in explaining higher order 

behaviour and transfer of higher order strategies in variety of cognitive tasks. 

This is why, the authors thought, investigators find the executive functioning as 

one of the most appealing subject in cognition. Borkowski and Burke argued that 

executive functioning has got three essential components: (1) task analysis, (2) 

strategy control/selection, and (3) strategy monitoring. Task analysis involves 

understanding the information presented in a cognitive task and what this 

information means in terms of how to perform the task. This is important 

because how well someone performs the task depends a lot on this critical 

stage of task analysis. According to Borkowski and Burke, people have a 

representation of strategy knowledge/strategy models in mind which they 

developed through experience from childhood. So, in performing a task people 

select and utilize an appropriate strategy and then they monitor their

10



performance and if necessary select another strategy.

Borkowski and Burke (1996) emphasized controlling and monitoring functions of 

executive systems in problem solving tasks. However, they have also pointed 

out the difficulty in obtaining direct measure of executive functioning and stated 

that "since executive functioning can only be observed in terms of changes or 

alterations in lower-level behaviours, it likely will always be inferred as a remote, 

mediational process" (p.244). Perhaps, the lack of progress in research on 

executive systems is because the executive functioning cannot be observed 

directly and inferences drawn from performance on a cognitive task in 

comparable experimental conditions will tend to evoke objections.

The conceptual overlap between the supervisory/executive systems and other, 

possibly related, psychological constructs is another point of discussion among 

the theorists interested in the systems. A psychological construct which seems 

to overlap with executive functioning is attention. Like executive systems, the 

concept of attention escapes a general definition at the moment (Lyon & 

Krasnegor, 1996). It has been pointed out that there is variety of usages of the 

term attention (Sergeant, 1996). Attention is sometimes viewed as one special 

function of cognitive systems that is synonymous with selective concentration or 

focalisation which enables organisms to attend to certain visual or auditory 

stimuli rather than others (Eysenck & Keane, 1996). Posner and Peterson (1990) 

suggested that there are at least three separate cognitive functions or abilities of 

human beings that are involved in attention: (1) the ability to engage attention on 

a new stimulus, (2) the ability to ignore a certain stimulus or disengage attention 

from a stimulus and (3) the ability to shift attention from one stimulus to another. 

On the other hand, for some (e.g. Mirsky, 1996) the term attention represents a

11



cognitive processing system or an attentional system which has a number of 

distinct functions including focus/execute, sustain, stabilize, shift, and encode. 

Initiation and inhibition functions are also associated with attention (Barkley, 

1996). However, some of these functions (e.g. shift) are also closely associated 

with executive systems (Halperin, 1996).

There is no theoretical agreement among theorists on the relation between 

attention and executive function. For example, it has been suggested that 

executive systems can be seen as higher level systems which coordinate lower 

attentional systems and memory systems (Morris, 1996). According to this view, 

attention plays an important role in the development of executive systems. 

Another theorist, Taylor (1996), declared that "attention might be best regarded 

as a subset of the more wide-ranging executive function domain" (p.403). 

Despite the differences in the views of theorists, Taylor pointed out that there is 

increasing number of investigators who argue that the concepts of executive 

systems, attention and memory can be viewed as separable components of 

mental functioning. The theorists also acknowledge that the functions of these 

psychological constructs overlap with each other. However the nature of this 

overlap is not clear yet. Taylor suggested that more specified theoretical 

formulations and analysis of functions of each of the psychological constructs 

are needed.

Some theorists (e.g. Pennington et al, 1996) questioned the existence of a 

separate construct of executive systems and asked whether or not we needed 

this construct. It has been argued that the abandonment of executive systems is 

a semantic issue (Denckla, 1996). Indeed, as was pointed out before in this 

thesis, researchers used different terms to refer to the mental functions

12



associated with executive/supervisory systems. Some researchers used broad 

terms such as effortful processes or attentional demanding processes (e.g. Craik 

et al, 1996) and avoided to propose a model or support or discuss any of the 

available models of executive/supervisory functioning. Perhaps, this neglect is 

because there are several unsolved issues concerning the models; even the 

concept of executive systems is not well-defined. Nevertheless, to use a general 

term (attention demanding processes) to refer to what increasing number of 

researchers come to see as separable mental control systems and not elaborate 

on that general term is not a helpful approach for cognitive psychologists who 

want to understand cognitive architecture of memory and human ability to 

perform complex cognitive tasks.

7.7 Neuropsychology o f the Supervisory systems

Neuropsychological research on the patterns of cognitive performances in brain 

damaged patients is one area of studies in which researchers have been trying 

to find some evidence for the existence of higher order control systems - 

supervisory systems - modulating lower level systems. Neuropsychological 

concerns can be discussed in four parts: (1) the anatomy of the psychological 

components of the Norman & Shallice model (1980), (2) Norman & Shallice's 

(1980) five-supervisory- system-sensitive situations and neuropsychological 

findings, (3) some applications of the model to the psychological symptoms 

observed in brain damage patients - frontal lobe syndromes -, (4) confabulation - 

a special frontal symptom.

13



1.7.1 Anatomy o f Supervisory Systems

There is a general agreement that supervisory systems are seated roughly in 

frontal lobes which cover a large area with several distinctive regions in the brain 

(Shallice, 1988). In fact, like the frontal lobe area of brain, supervisory systems 

themselves are also considered to be fractionable, thus it is assumed that 

perhaps different functions of supervisory systems may be located in different 

regions of frontal lobes (Shallice & Burgess, 1993). Shallice (1994) identified the 

prefrontal regions as the likely location of supervisory systems and the medial 

frontal regions as the probable location of the lower level control of routines -the 

contention scheduling. Moscovitch (1994b) agreed with Shallice on the former 

location, but, on the latter issue, Moscovitch argued that automatic processing 

systems can be located in the medial temporal lobes/hippocampus (MTL/H). 

However, Moscovitch was concerned with automatic processes in memory 

tasks, whereas Shallice was concerned with automatic processing of actions. 

Although Norman and Shallice's (1980) model has been extended to memory 

(Burgess & Shallice, 1996), the anatomical location of semi-automatic memory 

processes analogous to contention scheduling of action have not been 

addressed. In addition, as Moscovitch adopted Fodor's (1983) idea of modules, 

his concept of the automatic component of memory situated in MTL7H was 

simpler than contention scheduling.

Recent views (e.g. Goldman-Rakic, 1995) generally continue to agree that 

prefrontal cortex can be linked to supervisory/executive function. As several 

authors (e.g. Shallice, 1988; Denckla, 1996) pointed out, prefrontal lobes are 

large structures and they have other functions than those that are viewed as 

supervisory/executive functions. Neuropsychological evidence concerning the
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localization of the supervisory systems and controversy surrounding the 

neuropsychological data will be discussed below in the context of frontal lobe 

syndromes.

1.7.2 Norman & Shallice's (1980) Five-supervisory-system-sensitive 

Situations and Neuropsychological Findings

Norman and Shallice (1980, 1986) proposed five situations or tasks that would 

require supervisory systems: (1) situations that involve planning or decision 

making, (2) situations that require error corrections or some form of trouble 

shooting, (3) situations which involve novel or poorly learned sequences of 

actions, (4) dangerous or technically difficult situations, and (5) situations that 

require overcoming of a strong response-tendency or temptation. As supervisory 

systems are linked to frontal lobe, patients with frontal deficit are expected to 

have difficulties in the five types of situations proposed by Norman and Shallice. 

It was noted that an impairment in frontal patients in the fourth type of situation 

has not been reported yet (Shallice and Burgess, 1993). The neuropsychological 

data consistent with the remaining four types of situations will be addressed in 

this section.

A planning test. Tower of London test, was given to frontal patients and non- 

frontal patients (Shallice, 1982, see also Owen et al, 1990). The test involves 

moving three different colour beads on three sticks of unequal length from an 

initial position to a target position. This is required to be done with a minimum 

number of moves, so that the player needs to plan ahead. Shallice (1982) 

showed that left anterior frontal patients exhibited significantly poor performance 

on this task (Shallice, 1982). This fits with situation 1. It is well established that

15



frontal patients have difficulties in error correction (Norman and Shallice, 1986). A 

typical example of this is the frontal patients' inability to correct errors that they 

often make in performing the Wisconsin Card Sorting test even when they are 

told that they were wrong (Norman and Shallice, 1986). The Wisconsin Card 

Sorting test will be explored further in the next section. In addition, Norman and 

Shallice (1986) emphasized that trouble shooting or error correction can be 

necessary in the application of planning or decision making (Situation 1). Also, 

errors are most likely to occur in learning novel sequences of actions (Situation 

3).

In a study, the ability of frontal patients to cope with novelty was also tested 

(Shallice & Evans, 1978). The novelty test involved questions which required 

estimates rather than straightforward answers (e.g. "how long is an average 

man's spine?"). The answers of the frontal patients and of a control group 

(posterior patients) were categorized into two types using the distribution of 

answers given by a set of normal subjects: sensible answers and bizarre 

answers. The results showed that the frontal patients produced bizarre answers 

significantly more often than the neurological control group (Shallice & Evans, 

1978). The results of this study support the suggestion that the frontal patients 

have difficulty with coping with novelty. Finally, the Stroop test is given as an 

example of overcoming a strong habitual response (Situation 5), and Shallice and 

Burgess (1993) reported that there are studies (e.g. Perret, 1974) which showed 

that frontal patients are the most impaired group on the Stroop test.
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1.7.3 Frontal Syndromes

In the literature at least three substantially different frontal symptoms have been 

explained with the Norman & Shallice model: perseveration, distractibility, and 

utilization behaviour (Shallice, 1988). On the first symptom, perseveration, it has 

been widely documented that frontal lobe patients have a tendency to 

perseverate, they tend to produce habitual/stereotyped behaviour and they can 

not stop/discontinue or modify an ongoing activity that they are doing. This is 

well demonstrated on the Wisconsin Card Sorting test (WCST), in which patients 

are asked to switch from one sorting strategy to another. Wisconsin cards have 

three dimensions: colour, form, and number and the basic principle of the sorting 

task is to instruct subjects to sort the cards first by colour and then shift the 

strategy to one of the other two dimensions (number or form). In a study which 

included dorsolateral frontal patients and, as control, temporal patients and some 

parietal patients and orbital-temporal damaged patients, Milner (1963) showed 

that the dorsolateral frontal patients made significantly more perseverative 

errors, that is inability to shift sorting strategy, say, from colour to form-sorting, 

than any of the other patient groups. This perservation of first sorting strategy by 

the frontal patients was explained on the Norman & Shallice model (Shallice, 

1988). Shallice (1988) argued that, with the execution of the first sorting 

strategy, the patients get "stuck" in one schema because of the damaged 

schema control systems -supervisory systems- which would, otherwise, impose 

a shift to another schema ("top-down", by processing of the instruction requiring 

a shift to a new dimension). Shallice (1994) pointed out that the Milner (1963) 

study offers a good evidence for the assumption that the frontal lobes are the 

anatomical correspondence of supervisory systems.
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In a more recent study, Blanchi et al (1993) compared performance of frontal 

patients with that of non-frontal patients on a task which also requires strategic 

shifts as in the Wisconsin sorting task. Bianchi et al's task involved a selective 

response (pressing a button) to an appearance of a white square on four 

different locations of a computer screen: top-left, top-right, bottom-left, and 

bottom-right. The strategic shifts required by the task are, first, switch from 

responding to the visual stimuli appearing on the two bottom quadrants of the 

screen regardless of side, to only left-bottom and then shift to only right-bottom. 

This study also showed that frontal lobe patients found it difficult to shift from 

one responding type to another and, consequently, made more errors than the 

control group. Bianchi et al concluded that the frontal patients are "incapable of 

inhibiting the automatic cued response (practised initial set of responses) in 

favour of voluntary response corresponding to the verbal instruction" (p.358) 

which, if intact, would have been imposed top-down fashion by supervisory 

systems.

An interesting feature of the frontal lobe syndrome is that the patients are, on 

one hand, inclined to perseverate; and on the other hand, they are highly 

distractible. Shallice (1982) described how these contradictory behaviours of 

perseveration and distractibility all in one syndrome can be produced by an 

impaired system relying on only contention scheduling mechanisms and trigger 

data base, which was summarized by Baddeley (1986) rather nicely in this 

paragraph: "Since the supervisory system is not functioning properly, the patient 

is at the mercy of the currently active schemata. If a situation exists in which one 

schema is clearly dominant, then it will continue to dominate, leading to 

perseveration. If on the other hand there are a number of competing schemata 

of approximately equal strength, then with no direction from the supervisory
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systems, there will be a tendency for control to switch from one schema to 

another on the basis of relatively minimal changes in the environmental context" 

(p.242), which would be observed as distractibility.

However, the findings of neuropsychological studies have not been always 

consistent. Dunbar and Sussman (1995) pointed out that there are some studies 

which showed no difference between frontal patients and non-frontal patients in 

performing Wisconsin Card Sorting Test (WCST) and that non-frontal patients 

can exhibit perseveration on the WCST. Dunbar and Sussman themselves 

conducted experiments to investigate this issue. In an experiment the authors 

used dual task methodology to induce perseveration in normal subjects and had 

the normal subjects perform the WCST under different secondary task 

conditions (a phonological task, a central executive task and no-secondary 

task/control conditions). They predicted that the subjects who performed the 

central executive task would show performance similar to the performance of 

frontal patients, that is they would exhibit more perseverative errors on the 

WCST than the other subjects (the control or the phonological task groups). 

However, the results of this study showed that the phonological task group 

produced more perseverative errors than the executive group. The errors were 

very low in the control group. On the basis of these results, the authors thought 

that perhaps their phonological task which was a digit recall task was sensitive to 

central executive and they employed an articulatory suppression task (repeat 

"the-the-the") instead of the phonological task and repeated the study. The 

results of this study were similar to their previous experiment. Consequently, 

Dunbar and Sussman asked the following question: would patients with 

phonological memory deficit show perseveration?. The authors pointed out that 

unlike frontal lobe patients phonological memory patients were not given WCST
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and they studied performance of one such patient called RoL on WCST. This 

study showed that the performance of the patient RoL was typical of that 

reported for frontal patients. The findings of Dunbar and Sussman study 

indicated that deficits in phonological memory lead to perseveration which 

challenges the validity of the WCST in detecting the executive function deficit.

The last frontal symptom to be discussed in this section is utilization behaviour 

(UB) which appears to be providing evidence for the existence of the lower level 

of control processes -contention scheduling. It has been observed that some 

frontal patients automatically utilize an object placed within their reach 

(Lhermitte, 1983). An example of UB is impulsive water drinking action triggered 

by a jug of water and a glass placed on a desk by an experimenter. Lhermitte

(1983) argued that the patients cannot be thinking that the experimenter expects 

the objects to be used, because UB was executed despite the fact that the 

patients were told not to touch the objects. This argument was supported by 

Shallice et al (1989) in a study where a patient, L.E., was tested for UB in 

"incidental" situations in which the attention of the patient was never drawn to 

the objects by the investigators; 22 objects were placed at either ends of the 

testing desk. The incidental situations include a general conversation with the 

investigator, verbal and non-verbal neuropsychological tests, visuo-verbal and 

visuo-manual tests during which objects were available for UB. The results of 

this study showed that UB also occurs when objects were presented indirectly 

in the incidental situations, in contrast with the Lhermitte's procedure where 

objects were presented directly to the patients. A theoretically interesting 

explanation of UB, put forward by Shallice et al (1989), is that a system relying on 

trigger data base and contention scheduling in the absence of supervisory 

control would produce UB. Shallice et al argued that if supervisory systems were
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not impaired they would have activated the relevant schemata and inhibited 

irrelevant behaviours such as responding to the objects presented while carrying 

out a task in an incidental situation. A last point is that the anatomical 

assessments of this kind of patients suggest that not just medial but also orbital 

frontal lobe may have a role in lower level of control processes (Shallice, 1994).

In summary, as the findings of the Wisconsin Card Sorting test (WCST) studies 

discussed above indicate that the neuropsychological data do not appear to give 

unquestionable support for the neuroanatomical localization of 

executive/supervisory systems in prefrontal cortex. Nevertheless, the construct 

of a supervisory/executive control system has the potential to explain the 

problems of prefrontal patients and the current views (Goldman-Rakic, 1995) 

continue to associate executive functioning with the prefrontal cortex.

1.7.4 Confabulation

Another frontal symptom, a complex one in comparison to the above because it 

involves event memory, is "confabulation". Confabulations are observed in 

autobiographical memory studies carried out on some frontal patients and 

described as a term used for the autobiographical memories which have no 

basis in "actual" events or occurrences in the patients history (McCarthy & 

Warrington, 1990). The important characteristic of this symptom is that the 

patients remain unaware of producing these un-true autobiographical memories 

and, for this reason, the patients are even called "honest liars" by some authors 

(Moscovitch, 1989). A further feature of confabulation is that the "ingredients" of 

the untrue-memories indicate that these memories are formed either from the 

patients' own past experiences (episodic) but distorted or from their general
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knowledge about events (semantic) (Burgess & Shallice, 1996). (For more 

information about the characteristics of confabulation see Talland, 1965; 

Moscovitch, 1989, 1992ab; Burgess & Shallice, 1996).

For this thesis the important aspect of confabulation, lies in the way which 

confabulations are produced. Some authors (e.g. Moscovitch, 1989; McCarthy & 

Warrington, 1990) argued that confabulations are not self-initiated 

remembrances, but that they are "associative recalls" provoked by the questions 

of experimenters. This nature of confabulation resembles the other frontal lobe 

symptoms, discussed above, in that it is data-driven, triggered to a considerable 

extent by environmental cues; in essence, it again concerns the lower level of 

control processes operated by only two intact components of the Norman and 

Shallice model - the trigger data base and contention scheduling.

A confabulator case was described by Baddeley (1986). The patient, R.J., was 

given the same cue words at different times and asked to remember an incident 

that he experienced related to the cue. The interesting observation was that the 

same cue led the patient to produce completely different stories or different 

versions of the same story, which his wife confirmed had not occurred. 

Baddeley (1986) explained the confabulation shown by his patient, R.J., from the 

perspective of the Norman & Shallice model and stated that in the absence of 

the supervisory system "R.J. is distracted by associations generated by the story 

he is telling and allows the story to 'tell itself' with no overall constraint by the 

teller" (p.242). Thus Baddeley implies that confabulation is a complex form of the 

"distractibility" symptom, discussed in the previous section. The inconsistent 

versions of stories are produced by the patient because each time different 

schemata are being activated.
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In another study, Dalla Barba (1993) tested two confabulating patients on two 

different retrieval conditions, free recall and cued-recall, after they had learned 

categorical word lists. The performance measure taken was intrusion errors, 

described by Dalla Barba as "a tendency to unintentionally provide an 

inappropriate item" and considered to be "a confabulatory-like behaviour" (p.579). 

The study results showed that in the free-recall condition the amount of intrusion 

errors made by the patients was very low and at the level of a normal control 

group. Moreover, the number of items recalled, correct or not correct, was also 

very low. On the other hand, the patients made significantly more intrusion 

errors than the controls in the cued-recall condition. These findings support the 

assumption that confabulations are determined by environmental triggers and 

also, the rate of intrusion errors seems to be determined by the two retrieval 

conditions. The results support the view put forward by several authors (e.g. 

Shallice, 1988), that confabulation is a retrieval problem rather than one of 

encoding or memory storage. The specific retrieval processes that may be 

impaired in the confabulating patients have been identified in some retrieval 

models (e.g. Norman & Bobrow's model, 1979). The retrieval models will be 

discussed later in this chapter, but for the sake of completeness, it should be 

stated that the target description and the verification components of the Norman 

& Bobrow model have been suggested to be damaged in the confabulating 

patients (Shallice, 1988, Burgess & Shallice, 1996).

A last point concerns the anatomical assessments of confabulations; several 

authors agreed that confabulating patients have damaged frontal lobes (e.g. 

Moscovitch, 1989). However, not all frontal patients exhibit confabulations and 

what specific frontal regions are responsible for this symptom is not known.
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1.8 Two processing stages of memory: Encoding and Retrieval

Although several authors (e.g. Tulving 1983; Anderson, 1995) pointed out that 

there are important interactions between encoding and retrieval, the distinction 

between the two as two different stages of memory is useful for researchers. 

There are a lot of issues concerning the two memory stages discussed in the 

literature. The issues and theories (e.g. categorical clustering, response 

competition, interference theory, mediational theory) relevant to the encoding 

and the retrieval processes that operate in performing the particular tasks 

employed by the present research will be discussed in Chapter 2. In the next 

two sections general views about the supervisory/strategic functioning at 

encoding and at retrieval will be addressed.

1.8.1 Supervisory Systems at Encoding

The functions of supervisory systems at the retrieval stage of memory have 

been discussed more extensively than that at encoding. Some researchers 

compared the processes at encoding with that at retrieval (e.g. Baddeley et al., 

1984) and argued that contrary to retrieval processes, encoding is effortful in that 

it involves higher order (supervisory) processes and not automatic ones. 

However, it should be noted that there are some encoding conditions which are 

likely to require automatic processes such as incidental learning and implicit 

tasks. Spatial location, time, frequency of occurrence, and word meaning have all 

been suggested to be encoded automatically (Hasher & Zacks, 1979). Moreover, 

Moscovitch (1992ab) pointed out that, in automatic encoding processes, central 

systems (similar in concept to supervisory systems) do not operate or operate 

shallowly.
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In general terms, the functions of supervisory systems at the encoding stage of 

memory concern organizational processes and the control of encoding 

operations. Three main functions of central systems/supervisory systems at 

encoding have been raised (Moscovitch, 1992ab): (1) control of attention: central 

systems direct attention to target items (to-be-learned) so that they can be 

picked up by modules, (2) selecting and implementing encoding strategies, (3) 

organizing the "raw material" (e.g. visual word forms) that is made available by 

modules (e.g. perceptual input modules) and/or by other central systems. 

Furthermore, the following is among the encoding processes that are suggested 

to require effortful/supervisory processes: strategic use of imagery,

rehearsal/elaboration, categorical clustering and mnemonic techniques (Hasher & 

Zacks, 1979).

1.8.2 Supervisory Systems at Retrieval

There are several retrieval models in the literature but, two retrieval models, 

Norman & Bobrow's (1979) retrieval model and Tulving's (1984) retrieval model, 

are selected for this section because as far as the research undertaken is 

concerned the two retrieval models have been discussed in connection with 

retrieval control models. Some authors (e.g. Shallice, 1988; Burgess & Shallice, 

1996) discussed the role of the supervisory systems at retrieval from the view 

point of Norman & Bobrow's (1979) retrieval model. On the other hand, 

Moscovitch (1989, 1992b) discussed the central systems role (similar in concept 

to supervisory systems) from the viewpoint of the Tulving's (1984) retrieval 

model. The following section will offer a summary of each of the two retrieval 

models. Thereafter, the specific aspects of each retrieval model that, according
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to some authors, are most likely to involve supervisory systems/central systems 

will be discussed.

Norman and Bobrow's (1979) retrieval model consists of 3 stages: (1) retrieval 

specification, (2) matching and (3) evaluation. In the retrieval specification stage, 

two types of information are gathered: (a) target descriptions and (b) verification 

criteria. A target description is required when one does not have a direct access 

to a "target" memory (the memory/item to-be-remembered). The target 

description is obtained by searching for the target-related information which can 

be of various types (e.g. general knowledge about the target-type of events, 

personal knowledge). For instance, assume that the target memory in question 

was the activities that you had carried out on the previous Saturday. In order to 

answer such a question, you would probably think what you usually do on a 

Saturday (using personal knowledge); and from that you would try to figure out 

whether you did anything different than usual. This kind of thought-process 

(identifying known information about the target) generates verification criteria, 

that can be described as a "rough" idea about what-is-likely-what-is-unlikely to be 

the correct answer. In the second stage of matching, the information gathered 

about the target in the retrieval specification stage (target description) is used to 

narrow down the possibilities and typically to activate more than one candidate 

memory. Norman and Bobrow stated that the matching process is not simple 

access to candidate memories and that it is also a selection process. When a 

target memory or candidate memories are selected, they are evaluated and 

verified by the retriever (the third stage of the retrieval model), these verification 

processes operate according to the verification criteria established in the retrieval 

specification stage.
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In an attempt to explain confabulation phenomena, discussed before in this 

chapter, Shallice (1988) proposed that the verification processes are operated by 

supervisory systems and argued that it is this stage of the Norman & Bobrow's 

(1979) retrieval model that is damaged in confabulating patients. In addition, in an 

autobiographical study, also intended to explain confabulation phenomenon, 

Burgess & Shallice (1996) investigated the processing stages of normal retrieval 

with a "thinking aloud" paradigm. The study , first, supported the suggested 

retrieval stages of the Norman & Bobrow model and, second, the authors 

suggested that higher order control processing systems/supervisory systems 

operate at two of the retrieval stages of Norman & Bobrow's model, namely 

target description and verification processes (the authors also suggest a third 

processing stage, mediator retrieval control processes which will be omitted 

here). Thus, the above views imply that the matching stage of the retrieval 

model is the automatic processing component.

As far as the second retrieval model, that of Tulving (1984), is concerned, Tulving 

proposed that there are two retrieval processing components, namely ecphoric 

processes and conversion processes, along with two observable entities - 

retrieval cues and memory performance- and a few other components 

concerning internal states of knowledge during retrieval, among which ecphoric 

information and stored experiences will be relevant ones for the present 

discussion. The first retrieval processing component, ecphory, is described as a 

process by which retrieval cues/information come to interact with stored 

experiences/the information in the memory store, as a result of which ecphoric 

information is formed. The second processing component, conversion, is 

required to utilize the ecphoric information according to retrieval demands, which 

results in memory performance being observed.
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Before discussing the application of the Tulving's (1984) model, it must be 

restated that Moscovitch (1992a, 1992b), did not only choose a different retrieval 

model from Shallice and his colleagues' preference of the Norman & Bobrow

(1979) retrieval model but also he chose Fodor's (1983) model to characterize the 

memory systems operating at retrieval. So, Moscovitch (1989) considered that 

automatic processes/modules and central system, components of Fodor's 

model, to underlie the retrieval operations of Tulving's model. Fie argued that of 

all the components of the retrieval model, "only ecphoric processes and the 

availability of ecphoric information is presumed to be automatic" (p. 151), that is 

the first retrieval processing stage of the Tulving model. In addition, Moscovitch 

suggested that central systems, to a greater or lesser extent, are involved in only 

the second retrieval processing stage, conversion processes. Moreover, 

Moscovitch (1989, 1992b) suggested that ecphoric processes can also be 

strategic rather than automatic depending on retrieval cues and demands. If 

retrieval cues are insufficient, then strategic ecphoric processes are required 

which would involve central systems in evaluating the retrieval cues and 

ecphoric information. However, Moscovitch argued that the retrieval difficulties 

of frontal patients lies most often in the conversion stage, since it involves more 

central system processing.

In summary, although the authors chose different retrieval models to explain the 

role of supervisory systems/central systems at retrieval, their views converge in 

that in both of the retrieval models the authors identified two types of retrieval 

processes: automatic processes and supervisory/strategic processes, and then 

associated the latter type of processes with higher order systems (supervisory 

systems or central systems).
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1.9 Dual task paradigm and studies

Besides the neuropsychological studies, discussed in the previous sections, 

another area of study which brings insight in understanding of supervisory 

functioning is that of dual task studies. It has been pointed out that there are 

some shortcomings of dual task technique (Shallice et al, 1985), critically dual 

task deficit can be attributed to a number of different factors which will be 

discussed later in the next sections. However, it is suggested that if it is used in 

an appropriate way, dual task technique can be a useful tool to investigate 

whether or not a task utilises a particular functional system or structure (Shallice 

et al, 1985).

Also, it has been argued that the constraints and the mechanisms of a system 

cannot be understood if little is demanded of it, so that overloading the system 

with dual task requirements is a good way to understand the functional 

architecture of the system (Pashler, 1993, 1994a). Moreover, it has even been 

suggested that dual task studies may provide "the only avenue of study" that can 

answer "whether human cognitive architecture includes a central processor" 

(supervisory systems) (Pashler, 1994a, p.220). However, dual task methods are 

not the only way, as pointed out at the outset of this section, the 

neuropsychological researches are another base for inferring the need for the 

psychological construct of supervisory systems.

In this section, first, some basic concepts related to dual task paradigms will be 

reviewed and then a selection of dual task studies will be discussed.
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1.9.1 Capacity Sharing, Bottleneck and task interference

There are different opinions as to how people cope with dual task situations. The 

opinions can be broadly divided into two camps: those that advocate the capacity 

sharing view or parallel processing and those that favour the bottleneck view or 

serial processing. Some capacity theorists hold a strict capacity sharing view 

(central capacity theory) and assume that dual task performance involves 

completely parallel processing and there is one central limited capacity allocated 

to two tasks. This means less capacity for each individual task (McCann & 

Johnston, 1992). On the other hand, some other capacity theorists favour the 

multiple resources approach which suggests that system is fractionable into 

units and that the memory processing system has numerous resources, each 

with its own capacity (Navon & Gopher, 1979). According to the multiple 

resources view, a decline in dual task performance does not always indicate that 

the two tasks demand a large number of resources. The tasks may demand few 

resources but the dual task performance declines because they both tap the 

same resources (Wickens, 1991).

What are these so called resources? There is no clear-cut answer to this 

question. It has been pointed out that different processing stages of a task may 

require different resources: processing of a sensory input or perceptual 

processes, central processes/response selection, and response production or 

motor responses. Further perceptual resources are found to be fractionable 

depending on the input modality (i.e. visual or verbal) and, in the same way, 

output resources can be divided too, i.e. speech output, manual response 

(Wickens, 1991).
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The alternative idea to the capacity sharing theory is the bottleneck view. 

According to this view, there are some critical processing stages of a task which 

require a single mechanism to be dedicated to them. During these stages the 

processing is serial, that is "the critical stages in the second task cannot begin 

until the critical stages in the first task have been completed" (Pashler, 1994b, 

p.331). Three critical stages have been pointed out as (1) a bottleneck in 

perceptual processing, (2) a bottleneck in response selection which involves the 

process of deciding what response should be made and (3) a bottleneck in 

response production/carrying out motor responses (Pashler, 1994b). This does 

not imply that there are precisely three bottlenecks in each dual task situation; 

there could be a single or multiple bottlenecks depending on the tasks used 

(Pashler, 1994b).

Most investigators do not hold a strict view that all processes in dual task 

performance operate completely serially. It makes more sense to assume that 

dual task performance involves both types of processing, serial and parallel 

processing. Indeed, the recent advocates of the bottleneck view acknowledge 

that the parallel processing proceeds outside the critical stages of dual task 

processing. For example, a sensory input can be monitored at the same time as 

unrelated central processes (i.e. memory retrieval) are being carried out (Pashler, 

1994a). Nevertheless, according to the bottleneck view, the decline observed in 

dual task performance is due to the bottleneck (serial processing) (Pashler, 

1994a), not due to parallel processing at a non critical stage. This contrasts with 

the view of capacity sharing which suggests that performance declines with the 

addition of a second task because the demands of the two tasks exceed the 

capacity (McCann & Johnston, 1992).
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Nonetheless, the multiple resources and the bottleneck theories resemble each 

other in that they both predict interference during the input-output processing 

stages of dual task performance even though one would refer to it as a 

bottleneck in perceptual processing or in motor responses while the other would 

refer to it as an interference between two tasks tapping the same input 

resources or output resources. In fact interference at the perception and the 

motor response stages of dual task performance has been called "structural 

interference" (Kahneman, 1973). Structural interference has been studied and 

investigators (e.g. Treisman & Davies, 1973) have found that, in dual task 

situations, performing both tasks in one modality (visual or auditory) tends to be 

more difficult than performing the two tasks in different modalities. The 

structural interference can be illustrated on the Norman & Shallice model (1980, 

1986): when two tasks that demand the same sensory modality (e.g. visual) are 

employed in a dual task situation, the tasks interfere with each other at the level 

of the sensory perceptual structures. Thus the inputs of the two tasks compete 

to activate the triggering data base and interference depends on how 

simultaneous the inputs are. For example, if two visual stimuli were presented at 

precisely the same time, the structural interference would be greater than if one 

was presented just immediately after the others.

The results of some dual task studies (e.g. Treisman & Davies, 1973; Shallice et 

al, 1985) suggest that structural interference can be controlled to a large extent 

by employing tasks in different modalities. It was suggested that dual task 

interference, especially the one found in experiments using tasks in different 

modalities where there is no apparent structural overlap between the tasks, can 

be attributed to the limited general capacity of higher level processing (Shallice et 

al, 1985). This interference at higher level functioning can be associated with
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interference at the contention scheduling or supervisory system levels of the 

Norman & Shallice (1980) model. This assumption is debatable and will be 

explored in the next section.

1.9.2 The Critical Aspects o f Dual Task Paradigm

Before discussing the results of a selection of dual task studies, critical views 

concerning the interpretation of dual task deficit will be addressed. As 

mentioned in the above section, dual task interference may be caused by 

structural overlap or due to the tasks making demands on higher level 

processing systems such as supervisory systems. The major focus here is the 

latter interference because the purpose of this thesis is to study interference 

with supervisory processes that operate in some memory tasks. As was pointed 

out in the previous section, researchers can minimize the input/output 

interference or structural interference in dual task designs by employing two 

tasks in different modalities. However, even if structural overlap is minimized, 

there are a number alternative possibilities that can allegedly explain dual task 

decrement such as the general difficulty to perform two tasks at the same time, 

the complexity of tasks, trade-offs or switching cost between tasks. It is difficult 

to disprove these possibilities but whether they are reasonable will be discussed 

in this section and some possible suggestions as to how to control these factors 

in designing a dual task experiment will be explored.

Dual task interference can be attributed to the general difficulty to perform two 

tasks at the same time. However, the concept of difficulty is not at all clear 

(Navon and Gopher, 1980). It may seem to be commonsense to think that some 

tasks are more difficult to perform than some others. By the same token, some
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combinations of tasks are more difficult to perform than other combinations. The 

term difficulty in this sense is a general term which may have been used by even 

lay people such as subjects that they were able to perform a certain pair of tasks 

better than another pair. However, the real question to be answered for 

cognitive psychologists is what makes some tasks or some combinations of 

tasks difficult to perform?. What are difficulty variables?. What type of cognitive 

operations are involved in the tasks that are considered to be difficult?. As it has 

been mentioned in Section 1.2 , Schneider and Shiffrin (1977) carried out a series 

of experiments which showed that tasks that require controlled processes to a 

greater extent are difficult to perform than those that involve largely automatic 

processes. The sense of difficulty has been associated with the amount of 

resources required by a combination of tasks and has also been associated with 

available system capacity (Navon and Gopher, 1980; McDowd and Craik, 1988).

The complexity of a task is another factor that affects dual task performance 

(Navon, 1984). There seems to be no operational definition of complexity but it is 

associated with the size of a memory set or the number of cognitive operations 

that a task requires (Navon, 1984). Complexity can be considered as a difficulty 

variable. However, it should be noted that all complex tasks are likely to be 

difficult to perform but not all tasks that are difficult to perform are complex. For 

example, the Stroop task requires a subject to name the ink colour of each word 

of a word-1 ist. It may seem like a simple colour naming task but because of the 

conflict between words and their ink colours (e.g. the word RED printed in 

green) this task is thought to involve controlled processes (Dunbar and Sussman, 

1995). The Stroop task does not seem to be a complex task but not an easy task 

either, because it requires a subject to name colours while ignoring the meaning 

of the words. To ignore the meaning of the words is viewed as a difficult act
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because word-reading is considered to be an automatic process (Dunbar and 

Sussman, 1995).

In sum, it appears that the term difficulty is a very broad term that can be used 

by even lay people to describe a certain learning condition. In line with this view, 

Craik and McDowd (1987) also suggested that the difficulty term is not 

necessarily different from some of other terms such as effortful processes of 

Hasher and Zacks (1979) which are usually used to describe or compare the 

processing requirements of different experimental circumstances (e.g. recall, 

recognition, dual task paradigms). Moreover, the difficulty account does not 

appear to be helpful for cognitive psychologists who are interested in more the 

nature of the cognitive operations that make a dual task condition more difficult 

than another. On the other hand, no matter what the underlying cognitive 

operations are if two tasks which appear to be difficult to perform are employed 

by a study, the dual task deficit observed in such study would on its own be 

equally uninformative for cognitive psychology as the term general difficulty 

would be. Thus, there are short comings of dual task methodology and a 

researcher must take these into account when designing a dual task experiment. 

Moscovitch (1994a) stated that a very demanding task would interfere with 

performance of all tasks and suggested that researchers who want to find out 

whether or not a certain task requires higher level (supervisory) processes 

should employ an easy secondary task. However, some easy tasks can be 

performed automatically such as the tasks that involve consistent mapping (e.g. 

letter detection task) mentioned in Section 1.2 and as was stated in that section 

automatic processes can proceed in parallel to controlled/supervisory processes. 

Such a secondary task would not interfere with supervisory processes. Thus, the 

selection of the secondary task is crucial when designing a dual task experiment.
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Fisk et al (1986) suggested that any secondary task employed for a dual task 

study must require controlled processes. Fisk et al also pointed out that in dual 

task circumstances subjects have the ability to employ trade-off strategies and 

they usually switch between the two tasks in a strategic way to perform the 

tasks well. For this reason, the authors suggested that researchers should hold 

the performance of one of the two tasks constant and observed the changes on 

the other task with the dual task manipulation. Holding the performance of a task 

to the single task performance level could be one method to take trade-offs 

factor into account; but the core of the argument is that when drawing 

inferences from dual task data the performance of both the primary and the 

secondary tasks should be taken into account.

The present position holds two sorts of assumptions. First, in line with some 

authors (e.g. Shiffrin & Schneider, 1977; Jacoby, 1991), it is assumed that task 

performance always represents a blend of two different forms of processing, 

automatic processing and controlled/supervisory processing, but some memory 

tasks rely on one type of processing more than the other. Second, in line with 

some (e.g. Jacoby, 1991; Moscovitch, 1994a), the present position also assumes 

that performance of a secondary task disrupts controlled/supervisory processes 

but has little, if any, influence on automatic processing. So, these differential 

effects of a secondary task make the dual task methodology a useful tool that 

can be used to investigate mechanisms underlying memory performance on a 

particular task. On the other hand, the present position acknowledges that there 

are some shortcomings of the dual task methods which have been discussed in 

the above paragraphs and the need for appropriate safeguards against possible 

factors that can influence dual task performance (e.g. structural overlap). In
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addition, dual task experinnents should be well-designed using control conditions 

and different combinations of tasks that may allow rejection of alternative 

explanations of dual task deficit (e.g. general difficulty explanation). In sum, the 

present position holds that when it is used in an appropriate way, dual task 

technique is a promising method to study higher level processing.

1.9.3 Interference to supervisory functioning: dual task studies

The effect of a secondary task on the encoding and the retrieval phases of 

memory tasks has been studied by several researchers. However, the main 

objective of most of these researchers was not to manipulate higher level 

functioning or supervisory processing in dual task paradigm. In this section, first 

some hypotheses or suggestions about the effect of a secondary task on higher 

level functioning in memory tasks will be highlighted and then a selection of dual 

task data will be discussed.

Moscovitch (1994a) proposed that a secondary task at encoding impairs central 

systems (somewhat related as a concept to supervisory systems) for at least 

two reasons: (1) It draws attention away from the target items, which leads to 

breakdown of one function of central systems which is attentional control. (2) A 

secondary task at encoding also disrupts the memory organization processes, 

which is another function of central systems. If one can elaborate on the latter, it 

has been mentioned before that central/supervisory systems select and 

implement encoding strategies to organise the input items in relation to one 

another or in relation to some internal knowledge (semantic knowledge). These 

processes enable the system to encode more items or sometimes the input 

materials have novel aspects (Norman & Shallice, 1980) which again requires
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supervisory processes, and from the retrieval point of view, the supervisory 

processes also enable the system to find the encoded items easily in free-recall 

paradigms.

With regard to the interference with the supervisory processes at retrieval; Craik 

et al (1996) raised three types of higher level processes that can be impaired 

and associated with the poor retrieval performance in dual task paradigms: (1)ln 

the absence of the presentation of an explicit retrieval cue/information (e.g. in 

free-recall), retrieval would require voluntary strategic operations to generate 

cues. Interference with these processes would disrupt memory performance. 

These strategic operations would correspond to the target description processes 

in the Norman & Bobrow (1979) retrieval model. (2) According to Craik et al, 

another type of higher level retrieval operations which can be associated with 

the poor dual task performance is evaluation of retrieval items for whether or not 

they fit into a current search criterion. This would correspond to the verification 

processes in the Norman & Bobrow model. (3) Finally, retrieval processes 

involving the management of the division of attention between tasks may also 

lead to some costs in dual task performance.

If one turns to specific empirical studies, interference with organizational 

processes at encoding has been well demonstrated in the categorized list recall 

studies. In an experiment, Baddeley et al (1984) compared random/unrelated 

word list recall with categorized list recall. In this experiment there was no "pure" 

control condition (a condition without any secondary task), instead there were 

two different card-sorting conditions which varied in difficulty (high interference - 

sorting the cards into 4 suits - and low interference - dealing the cards 

successively to the 4 locations marked on a table regardless of the suits). The
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experimental results showed that, on the whole categorized lists were recalled 

better than the random word lists, but when there was a low interference with 

encoding, the categorical word lists were recalled far better than any other 

conditions (the high-interference with encoding, the high or the low interference 

with retrieval). Nevertheless, there was also an effect at the encoding of 

unrelated words when the high-interference and the low-interference conditions 

were compared. On the other hand, the interference with retrieval in the same 

experiment produced a different picture: there was no difference between the 

high and the low conditions on the unrelated word recall but there was an effect 

on the retrieval of the categorized lists. On the whole encoding was more 

impaired by the secondary task conditions than retrieval.

It is interesting that the Baddeley et al (1984) study showed no secondary task 

effect on recall of unrelated words because it is commonsense to think that 

recall of unrelated words would be more demanding than that of related words. 

Why would this be the case?. The likely answer to this question is that the 

proportion recalled is usually higher in related-word-recall than in unrelated-word- 

recall. The results of Baddeley et are not inconsistent with this, their results 

showed better recall of related words compared to u n r e lated-wo rd-reca 11. This 

indicates that related words are more accessible than unrelated words. On the 

other hand, Baddeley et al suggested that recall of related words is likely to 

require demanding processes such as retrieval plans. This planning and the 

execution of the retrieval plan would not only be demanding mental activities but 

also the ones that appear to enable the access to the items to be recalled. As 

stated in the above paragraph, the Baddeley et al study showed an effect on 

recall of related words. Thus, it can be concluded that accessibility does not 

always mean that the task is less demanding.
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In another study, Park et al (1989) investigated the categorized list recall of two 

different age groups in a dual task design where the secondary task was a 

number monitoring task. They found that both the performance of old adults and 

that of young ones were affected by the secondary task but the effect on 

encoding of categorized lists was greater in old adults than young adults. Park et 

al argued that the older subjects are less capable of strategic encoding in 

comparison to the young subjects. In line with this argument, Burke and Light 

(1981) also suggested that older people use less effective encoding strategies 

compared to young people. However, it can be argued that, if the young adults 

had been more likely to use encoding strategies than the old ones, they should 

have recalled fewer items under the dual task conditions than the old adults in 

the Park et al (1989) study. The possible explanation would be that strategic 

encoding is a demanding process but it is also the one that enables subjects to 

learn more items than otherwise they would have learned.

Returning to the Park et al (1989) study, the same experiment showed that 

when the secondary task was present at retrieval, there was no difference 

between old and young adults. Park et al explained these results through the 

difference between the demands of the encoding and the retrieval conditions. 

They argued that during encoding primary task inputs and secondary task inputs 

were presented at fixed times, so the subjects were not in control of the 

situation. On the other hand, at retrieval, the primary task required free recall of 

the words. Thus, although the secondary task condition was still the same, 

subjects at least had a control over the primary task and were able to pause in 

the free recall condition and switch to the secondary task. Although there was 

no age factor effect on retrieval, nonetheless, when the memory performance of
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both old and young subjects was compared with that of the control groups (old 

and young subject groups) which did not perform the secondary tasks, there 

was an effect at retrieval. Thus, these results are in line with Baddeley et al's

(1984) experiment in that categorized list recall is affected by the secondary task 

and, therefore, is not an automatic process. Also both the Baddeley et al study 

and the Park et al study indicate that the supervisory control of memory is 

required at the retrieval of categorized lists.

Moscovitch (1994a) also studied secondary task interference (a finger tapping 

task) with the organizational processes in the free-recall of categorized lists. In 

this study, a subject's use of an organization strategy (clustering) was analyzed 

by assessing the extent to which items from the same category were recalled 

together. The results revealed that a secondary task leads to a significant decline 

in clustering performance. However, in this study, the secondary task effect on 

retrieval processes failed to reach significance; only when a secondary task was 

present at both encoding and retrieval, was the categorized list recall impaired. In 

a similar fashion to the Moscovitch study results, Johnston et al (1972) also did 

not find an effect on the retrieval of categorized lists in their study where a light 

detection task was used as secondary task.

These two studies did differ from the above categorized list studies which 

exhibited an effect at retrieval. However it is difficult to ascertain what particular 

difference is the cause of the conflicting results. One possibility could be the 

secondary task used. All the categorized list studies employed different 

secondary tasks. However, Park et al's (1989) number monitoring task, which 

requires responses to odd numbers as opposed to even numbers, and 

Johnston's light detection task, which requires response only to the light when it
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is a certain intensity, both seem to involve monitoring and selectively responding 

to a particular input. Yet, number monitoring task disrupted memory 

performance whereas the light detection task did not. However, there are 

differences between the two secondary tasks. For example, the number 

monitoring task is an auditory task whereas the light detection is a visual one. 

Nevertheless, the two studies used tasks in different modalities; that is if the 

secondary task was visual then the primary task was auditory. So, an apparent 

structural interference should not be responsible for the effect found on memory 

performance in the Park et al study. Johnston et al (1970, 1972) also measured 

performance on the secondary task and found a memory task effect on retrieval. 

This may indicate trade-offs between the tasks in the Johnston et al studies. 

However, Park et al did not measure performance on their secondary task. 

Therefore, the differences in the results concerning memory performance of the 

two studies may be attributed to the trade-offs occurring in Johnston et al's 

studies. Thus, these conflicting findings of the dual ask studies could result from 

a number of different reasons: the differences between the secondary tasks, 

different number of categories, list lengths etc.

In another experiment, Baddeley et al (1984) studied secondary task effects 

(using card sorting) on recall of paired associates (e.g. blue-sea). The 

experimental results revealed that in this situation there was a secondary task 

effect at encoding but not at retrieval. Park et al (1989) also employed a task of 

recall of paired associates (e.g. lion-hunter) for their second experiment. Contrary 

to the Baddeley et al findings. Park et al found that their secondary task (number 

monitoring task) interfered with both encoding and retrieval. Both studies used 

visual stimuli as opposed to auditory in these particular experiments. The main 

difference between them was as follows: Baddeley et al employed rather short
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paired associate lists, only 6 pairs per list, in comparison to the 24 pairs per list in 

the Park et al study. In addition, as mentioned before, Baddeley et al did not 

have a secondary-task-free-control condition; their conclusions relied on the 

difference between an easy secondary task and a difficult secondary task. Park 

et al, however, had a control condition without any secondary task.

Baddeley et al (1984) studied the effects of interference on retrieval in a few 

other primary tasks e.g. a word recognition task, a semantic verification task. 

However, these experiments failed to show any interference with retrieval. In 

fact out of nine experiments that Baddeley et al carried out, only two 

experiments showed a secondary task effect on retrieval accuracy. Thus, 

Baddeley et al concluded that retrieval processes were largely automatic. 

Baddeley (1986) reconsidered the results of the experiments, that he and his 

colleagues reported in 1984, in the lights-of the Norman and Shallice model

(1980). He stated that the retrieval processes required by the tasks they used 

may have involved "running off schemata", and, therefore, the tasks were 

handled at the level of contention scheduling without the involvement of 

supervisory systems. Moscovitch (1994a) also argued that neither the primary 

tasks nor the secondary tasks used by Baddeley et al. (1984) directly involved 

higher order control processes and that it was not, therefore, surprising that 

Baddeley et al. have scarcely found interference at retrieval.

In a more recent dual task study, Craik et al. (1996) compared the processing 

requirement of encoding with that of retrieval in three different paradigms 

namely free-recall, cued-recall and recognition. Overall their results supported 

some findings of Johnston et al (1972), Baddeley et al. (1984) and Park et al 

(1989) reported above. The important points raised by Craik et al are as follow:

43



(1) Encoding processes are consciously controlled and require higher level 

memory processes in all the three paradigms that they studied. (2) On the other 

hand, memory retrieval has two separable processing components: automatic 

processes and controlled processes. The results of Craik et al's study showed 

that free-recall and cued-recall paradigms require higher level processes at 

retrieval, although they demand less higher level processes at retrieval than at 

encoding. However, the results also showed that recognition paradigm largely 

involves automatic retrieval processes and unaffected by division of attention at 

retrieval.

In an early study Craik and McDowd (1987) discussed recall and recognition 

paradigms with respect to age-differences in human memory. They noted that 

age-differences in recognition are relatively smaller than in recall and, moreover, 

there are some studies which showed no age-differences in recognition. In line 

with this, the results of the Craik and McDowd (1987) study also showed that 

elderly people perform relatively more poorly than young people on tests of 

recall compared with tests of recognition. These results are interpreted as 

showing that recall requires effortful processes or more processing resources 

and more self-initiated activity than recognition. The authors thought that 

recognition performance is driven largely by the external stimuli, that is it is 

largely automatic, and this is why the elderly subjects perform recognition tests 

as well as the young. In another study, the same authors examined if age- 

differences occur in dual task performance. In this study McDowd and Craik 

(1988) carried out two experiments and employed different tasks. In the first 

experiment they employed two easy tasks: a female/male voice detection task 

and a position task (detection of the position of stimuli appearing on a computer), 

which are considered to involve relatively automatic processes or minimal
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cognitive processing and, two difficult tasks; a category detection task (detecting 

auditorily presented words denoting living things) and a character detection task 

which required subjects to identify the character (vowel, consonant, odd digit or 

even digit) that appeared on the screen. These tasks wore formed four different 

dual-task combinations. In the second experiment the authors employed a 

position task (similar to the one used in Experiment 1) and a face detection task. 

The authors thought that the faces task would require more cognitive processing 

than the position task. They expected that age-differences in the dual task 

conditions would be amplified with the use of difficult or demanding tasks.

The results of the McDowd and Craik (1988) study showed that elderly subjects 

were affected more by the dual-task conditions than young subjects when 

compared to single task conditions. However, the AgeXSingle/Dual task 

interaction was affected by the nature of tasks (difficult versus easy tasks) in 

Experiment 1 but not in Experiment 2. Therefore, there was some limited 

support for the authors' expectation that age-differences in the dual task 

conditions would increase with the use of difficult tasks. On the basis of this, the 

authors suggested that one possible reason why some tasks do not seem to 

lead to an increase in age-differences in dual task paradigm can be to do with 

whether or not the tasks require automatic or controlled processing in the sense 

of Hasher and Zacks (1979) or the amount of automatic/controlled processing 

they require. That is, the difficult tasks in Experiment 1 possibly demanded more 

controlled processes than the task in Experiment 2. McDowd and Craik further 

speculated that some studies (e.g. Somberg and Salthouse, 1982) found no age- 

decrement in dual task paradigm because probably they employed tasks that 

were involved automatic processing.
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Central executive (similar in concept to supervisory systems) functioning at 

retrieval is tested in another dual task study by Gilhooly et al (1993). The primary 

task used was a syllogistic-reasoning task (syllogism:"all A are B; all B are C; 

therefore, ?"; answer:"all A are C"). This type of task which requires reasoning or 

problem solving has been explored in a neuropsychological study (Shallice, 1982) 

and it has been suggested that these tasks require the supervisory control of 

memory. Besides the primary task, the syllogistic reasoning task, Gilhooly et al 

(1993) employed three secondary tasks, one of which, a random generation task, 

was presumed to affect processing by the central executive and the other two 

are, a visuo-spatial task which just required subjects to tap four switches in a 

clockwise direction and an articulatory suppression task which required 

repetition of single five digits. These two tasks are presumed to be less sensitive 

for executive process. The results showed that there was no effect of visuo- 

spatial task on syllogistic reasoning and the articulatory suppression task had a 

slight effect. However, the random generation task had substantially greater 

effect on the primary task; this was the condition where both tasks were 

sensitive to the central executive. Thus, this study supports the view stated at 

the outset of this section, that task interference can be observed only if the 

primary task and the secondary task both involve higher order systems 

(Moscovitch, 1994a).

The last dual task study to be discussed here concerns differentiating the brain 

areas associated with the higher order (supervisory) functioning during encoding 

from that during retrieval. Shallice et al (1994) measured brain activities of 6 

normal subjects by using positron emission tomography (PET) while the subjects 

were learning and remembering paired associate lists in dual-task and non-dual

task conditions. For encoding, a difficult distractor task (a manual-spatial task
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requiring response to random locations) was used to interfere with the effortful 

episodic encoding of paired associate lists. It was hypothesized that, since the 

secondary task prevented the effortful episodic encoding, only the brain areas 

associated with automatic processes (priming) would be admitted in this 

condition. In a second experimental condition, the encoding of paired associate 

lists was interfered withl'an easy distractor task (a manual-spatial task requiring 

response to a predictable target location). According to Shallice et al, the PET 

scan obtained in the second condition showed the brain areas associated with 

both automatic and effortful episodic encoding because the easy secondary task 

was present at encoding. The PET scan showing the brain areas associated with 

automatic processes was subtracted from the one showing those associated 

with both automatic and effortful episodic encoding processes (i.e. supervisory 

thought processes). The authors found that left dorsolateral prefrontal region of 

brain is associated with the organization of supervisory thought processes at 

encoding. For retrieval, activation in a category item generation task requiring 

only semantic memory retrieval was compared with that produced by the 

episodic retrieval of an equivalent paired associate list. The PET scan study 

suggested that effortful episodic retrieval is associated with activity in the right 

prefrontal cortex, the brain area which had been previously associated with 

memory monitoring and verification functions of supervisory systems (Shallice, 

1988) and confabulatory disorders (Burgess & Shallice, 1996).
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1.10 Summary

Two types of memory processes identified by several investigators (e.g. Shiffrin 

and Schneider, 1977; Hasher & Zacks, 1979; Jacoby, 1991) who were interested 

in memory performance on cognitive tasks: (a) automatic processes and (b) a 

form of processes that are characterized as conscious, higher level, mental 

processes used at the option of subjects to which the present thesis refers as 

supervisory processes. The latter type of processes are viewed as operations of 

a distinctive memory system and some authors (e.g. Baddeley, 1986) proposed 

a model of the memory system. The present thesis reviewed the models and 

some suggestions concerning the functions and the characteristics of the 

supervisory/executive system. The functions most commonly associated with 

supervisory/executive system are as follow: planning, monitoring, strategy 

selection, memory organization, error correction, verification, inhibition or control 

of automatic/habitual responses. The present chapter also addressed the critical 

aspects of supervisory/executive processing. Then, neuropsychological views on 

supervisory processing and some applications of the model of supervisory 

systems to the psychological symptoms observed in brain damage patients, 

specifically the frontal lobe patients were highlighted. In general, prefrontal 

cortex is linked to supervisory/executive processing. In addition, 

neuropsychological examinations revealed that the notion of supervisory 

processing can help to explain some neuropsychological phenomena such as 

confabulation and performance of frontal patients on a number of cognitive 

tasks. In the present chapter, dual task methodology as a technique used to 

study supervisory processing in normal subjects was discussed. Finally, an 

important number of dual task studies were reviewed.
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CHAPTER TWO

The PARADIGMS of The MEMORY TASKS USED in The THESIS
and

The OUTLINE of The EXPERIMENTS
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2.1 Introduction

The present thesis aims to investigate supervisory processes (higher order 

control processes) and more automatic processes in various memory tasks. In 

this chapter, first, the suggested paradigms and the theories that underlie the 

memory tasks used in this thesis will be reviewed. It will include the different 

positions concerning the free recall of categorized lists, specifically clustering 

paradigm, those concerning the differentiation of category items, with an 

emphasis on the A-B A-C paradigm and those concerning structure and 

inaccuracy of event knowledge in the recall of events. Then, the outline of the 

eleven experiments conducted will be given.

2.2 Free recall o f categorized lists: Clustering Processes

As discussed in the section 1.9.3 in Chapter 1, the free recall of categorized lists 

is one memory paradigm that has been studied under dual task conditions. In 

this section the extensive literature concerning this memory paradigm will be 

briefly reviewed. In studies of the free-recall of categorized lists, it has been 

shown that when a group of items belonging to a conceptual category are 

presented in scrambled order with other unrelated items, subjects tend to recall 

items that are related together in succession. This special type of memory 

organization processes is called categorical clustering (Bousfield, 1953). There 

are also two other types of clustering described in the literature, the associative 

clustering which refers to the clustering of associatively related words which are 

not members of the same conceptual category, e.g. lion, hunter (Koriat & 

Melkman, 1987) and the types of subjective clustering that is the organization of 

list items when they appear to be unrelated to an observer/experimenter but
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they are related at the personal level for the subject (e.g. sister, flower -my sister 

loves flowers) (Tulving, 1968). The three experiments reported in Chapter 3 and 

Chapter 4 concern recall of categorized lists, therefore the main focus of the 

present thesis will be on categorical clustering. The main questions to be 

answered in this section are: what is the nature of cognitive processes that 

operate in free-recall of categorized lists?. Can these processes be seen as 

effortful/supervisory processes?.

There have been different views with regard to the locus of clustering in the 

different stages of memory (encoding or retrieval) (see Slamecka, 1968; Shuell, 

1969). However, it has been generally accepted that subjects take advantage of 

the categorical nature of a list material both at encoding and at retrieval in 

different ways (Puff et al. 1977). Categorical clustering processes have been 

claimed to be effortful/supervised rather than automatic for at least 3 reasons by 

Hasher & Zacks, 1979: First they argued that it has been shown that if subjects 

are instructed to use clustering, their performance improves, which suggests 

that clustering is a strategic process. Second, they used the fact that younger 

children are not as good at clustering as older children or adults are, which 

indicates that clustering is a memory skill which develops with age. Their third 

argument was that clustering is disrupted by overarousal which is seen as a 

factor that can lead to deterioration in the performance on the tasks that require 

high attention, because overarousal narrows subjects' attention. Other types of 

skills (e.g. motor skills) improve with age or by training but the last argument 

concerning the effect of overarousal provides a valuable basis to conclude that 

clustering involves attention demanding supervisory processes.

The studies investigating age-differences in free-recall of categorized lists
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showed that young adults seem to produce better recall than old adults and 

argued that old people are less likely to spontaneously use strategies that 

contribute to high levels of recall (Brown-Whistler and Freund, 1993). This 

argument found some support from the studies which showed that when old 

adults were instructed to use strategies, age differences in recall were 

diminished (Brown-Whistler and Freund, 1993). However, some other studies 

showed that although elderly adults did benefit from the retrieval cues that were 

supplied by an experimenter, still the age differences between the elderly adults 

and young adults remained (Hultsch, 1975). This led some authors (e.g. Burke 

and Light, 1981) to question the suggestion that elderly adults are less likely to 

use organizational strategies. Nevertheless, Burke and Light (1981) suggested 

that despite the retrieval cues were given to induce the elderly to use strategies 

they may not be able to use the retrieval cues as effectively as the young adults.

In a categorized list study, Sanders et al (1980) instructed half of their (young and 

old) subjects to verbalize aloud everything they thought of during list study (overt 

condition); the other half of the subjects in a covert condition received standard 

free recall instructions. The results of this study showed no difference between 

the overt and the covert conditions and more importantly the study revealed that 

the young adults in the overt condition begin to study the items in a serial 

fashion (rehearsing the first few items in their presentation order) early in the list 

"subsequently switching to a categorically organized strategy" (p.557). The 

authors stated that, in contrast to the young subjects, the old subjects studied 

the categorized lists, in an essentially non-strategic fashion, that is in a serial 

fashion through out the list-study. The authors pointed out that the old subjects 

as well as the young subjects were debriefed about the categorical structure of 

the lists so the older subjects' failure to use the list categories cannot be
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attributed to a lack of category awareness. Thus, this study provides support for 

the Burke and Light's (1981) suggestion that the old subjects are somehow 

unable to use encoding strategies as effectively as the young subjects.

What is the nature of the retrieval processes at recall of categorized lists?. 

Several authors have expressed their views about the recall of categorized lists. 

Even though they may not express in the following exact words or terms, they 

basically suggest that the recall of categorized lists requires generation of 

retrieval cues and the most likely cues to be generated are category labels. For 

example according to some retrieval models or views (e.g. Raaijmaker and 

Shiffrin, 1981; Wingfield and Byrnes, 1981) retrieval begins with a memory 

search until a relevant cue (category name) is encountered. In Norman and 

Bobrow's (1979) retrieval model this stage where subjects generate cues to gain 

access to to-be-remembered items can be related to the retrieval 

description/specification stage (for more information about the Norman and 

Bobrow Model see Section 1.8.2 in Chapter 1). As has been discussed before in 

Chapter 1 these retrieval specification processes are associated with supervisory 

functioning (Shallice, 1988; Burgess and Shallice, 1996). It was pointed out that 

subjects may use all sorts of cues to gain access to memory: contextual cues, 

such as anything that is in the retrieval environment or subjective cues which 

could be an episodic event that a to-be-remembered event can relate to 

(Raaijmaker and Shiffrin, 1981, 1992). However, there is considerable evidence 

to support the idea that cues corresponding to category names largely mediate 

the recall of categorized lists (Watkins, 1979). There are studies (e.g. Tulving and 

Pearlstone, 1966) which showed that when subjects were given category 

names that had been completely omitted in a previous free-recall, some items 

from these categories were easily recalled.
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As has been pointed out above generation of category names is viewed as an 

effortful process. Some authors (e.g. Watkins, 1979) came to this conclusion 

because they observed that during recall of categorized lists subjects appear to 

pause between different category blocks, that is they recall some items from a 

category then pause and thereafter begin to recall another category items. 

Several other authors (e.g. Shuell, 1969; Ashcraft et al, 1976; Wingfield and 

Byrnes, 1981) declared that once a category name is found, it seems to facilitate 

recall of the category members in free association. In summary, encoding and 

retrieval of categorized lists appear to demand strategic/supervisory operations 

at least when the subjects are young adults but recall seems to involve two 

types of mental operations: (a) one is the supervisory/effortful process of 

generation of category names and (b) second, the recall of items within a 

category which is a relatively automatic process.

2.3 Differentiation o f Common Category Item Lists: A-B A-C Paradigm

In A-B A-C experimental designs, subjects are asked to learn different responses 

(B and C) to the same stimulus item(A) in two successive paired associate lists 

(e.g. Tool-Pliers in List 1; Tool-Drill in List 2). Then, at retrieval they are given A 

items and asked to produce B items and/or C items (Earhard et al, 1974). The A- 

B, A-C task is a type of list differentiation task (Bower, 1972). Moscovitch 

(1992ab) listed list differentiation paradigms as the type of tasks that require 

higher order systems. However the author did not comment further about the 

nature of strategic/effortful operations that demand higher order systems. In this 

section theories and suggestions concerning the encoding and the retrieval 

processes that operate in performing A-B, A-C task will be reviewed. What
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aspects of the A-B A-C task can be associated with supervisory processing?. The 

present section will also attempt to answer this question.

Learning two lists such as A-B, A-C lists in succession has differential effects on 

the retention of the two lists. In A-B A-C paradigm, the first list (A-B list) is 

sometimes recalled more poorly than the second list (A-C). This is called 

Retroactive interference. On the other hand, it has been observed that the recall 

of the first list (A-B) is sometimes superior than that of the second list (A-C). This 

is called Proactive interference (Kintsch, 1970). What are the experimental 

conditions which lead to proactive interference rather than retroactive 

interference or vice versa in A-B, A-C paradigm?. The answer to this question 

may also help to understand the processes that operate in A-B A-C task.

Tulving & Watkins (1974) suggested that the testing of the B items before the A- 

C list learning is a critical factor for the outcome of an A-B A-C experiment, 

because their experiments showed that when there was no immediate test of 

the A-B list, higher recall of B compared to C was observed. Tulving and Watkins 

did not use the term proactive interference, they referred to the higher recall of 

B compared to C as priority effect. The authors also observed that when 

subjects were tested on the A-B list immediately, the result was reversed; the 

recall of the C items was higher than that of the B items. Although Tulving & 

Watkins isolated the critical factor leading to the priority effect in a series of 

experiments as being the immediate testing of A-B list, they were not able to 

explain the nature of the encoding/retrieval processes leading to the priority 

effect. In another study done by Allen & Arback (1976) some subjects had been 

led to believe that they were not to be tested on A-B list but were later tested. 

This study showed that by simply instructing subjects that they should ignore
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the A-B lists, the higher recall of B items compared to C items can be reversed, 

that is the C items are recalled better than B items. However, Allen & Arback 

were also not able to comment on the encoding processes that operate in their 

experimental design.

One of the early theories which attempted to explain the detrimental effect of 

learning two lists in succession is probably the response competition theory 

(McGeoch,1932). This theory suggested that B and C items are learned to the 

same stimulus A and as a result of this these two alternative responses compete 

with each other at retrieval when A items are given as cues. This theory 

assumed that the responses which had stronger associations with A are recalled 

better than the weakly associated items. Also it assumed that the recently 

learned items, C items, are strongly associated items, simply because they are 

learned recently and, therefore, are better recalled than B items in A-B, A-C 

paradigm.

Another theory which is similar to the response competition theory is response 

set theory. While the response competition theory implied a specific competition 

between two (B and C) responses at the time of recall, the response set theory 

shifted the emphasis from single associations to response set 

competition/availability (Wingfield and Byrnes, 1981). The response set theory 

also claimed that the recently learned response set, C items, are recalled better 

than B items. However, the logical reasoning behind this claim was slightly 

different from that of the response competition theory. The response set view 

claimed that there is a kind of attentional mechanism called the response 

selector mechanism which allows subjects to focus on the current items to be 

learned and suppresses any extra-experimental associations (Wingfield and
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Byrnes, 1981). That is B responses are suppressed, as a group, during A-C 

learning. According to the theory at retrieval this hypothetical response selector 

has a persisting bias to select the most recently learned response set leaving the 

response set learned earlier (e.g. B items) temporarily unavailable. The reason for 

this bias towards the recent response set is simple: the response selector 

mechanism is an involuntary, automatic-like system unable to switch 

instantaneously between response sets and, therefore, immediately after 

second-list learning the selector would be still focused on the most recent 

response set and all other sets would remain inhibited (Wingfield and Byrnes, 

1981).

Can the response competition or the response set competition theories explain 

the findings of Tulving and Watkins's (1974) study?. Tulving and Watkins 

showed that immediate test of B before A-C learning results in higher recall of C 

compared to B. However, it would be common sense to predict that the 

immediate test of B should have strengthen the associations between A and B 

and from the view point of the response competition theory the strongly 

associated B items should have been recalled better. Nevertheless, the theory 

suggested that the recently learned C items should be recalled better than B. 

However, the results of Tulving and Watkins study also showed that, if A-B list 

was not tested before A-C learning, B items are recalled better than C items. 

This seems to be inconsistent with the response competition theory. The 

response set theory with its involuntary selector mechanism also cannot account 

for the pattern of results found by Tulving and Watkins. This is because the 

response set theory claimed that the selector stays focused on the most 

recently learned A-C list and unable to switch to the prior list (A-B). Therefore, 

the theory would predict that C items would be recalled better than B in a test
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that is done immediately after A-C learning. Contrary to this prediction, Tulving 

and Watkins showed that higher recall of B compared to C can be obtained 

immediately after A-C learning if B items are not tested before A-C learning.

An alternative theory to the competition account is unlearning theory, sometimes 

called two factor theory. This theory suggested that associations between A and 

B become unlearned during A-C learning (Wingfield and Byrnes, 1981). On the 

other hand, the unlearning theory accepted the possibility of some response 

competition at retrieval. However, it argued that competition does not always 

occur between the two alternative sets of responses (B and C) at retrieval and 

that subjects do not remember, at least, some of the first list associations (A-B) 

because these associations become weakened while the second list (A-C) is 

being learned (Wingfield and Byrnes, 1981). There are some problems with the 

unlearning theory. First of all it only accounts for retroactive interference and 

cannot seem to handle proactive interference or priority effect demonstrated by 

the Tulving and Watkins (1974) study. In addition, the unlearning theory is also 

rejected by the results of some recognition studies (Postman, Stark, and Fraser, 

1968). These studies showed that retroactive interference is not observed when 

subjects are given a recognition test instead of the usual cued-recall test 

involving responses to A cues. The findings of the recognition studies indicated 

that the first list associations are still present in memory after A-C learning.

An explicit view concerning specifically the retrieval processes occurring in the A- 

B A-C paradigm has been put forward by Bower (1972). Bower stated that 

performance on a list differentiation task depends on the nature of associative 

connections between the items to be recalled. Bower suggested that the B 

items(or the C items) would have two associative connections, one to the A
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items and another to a list-context-marker which enables efficient list 

differentiation to occur at retrieval. Bower argued that, in a test following an A-B 

A-C list learning session, the wrong response item (B or C) can frequently be 

prompted by the A-item-cue, thus, subjects have to recognize and reject it as 

coming from the wrong list. This view suggests that verification processes are 

necessary in the retrieval of A-B, A-C lists.

In addition. Bower (1972) argued that a list context marker can be any 

differentiable cue from a subjective idea, thought or a label (e.g. category name). 

A list context marker can also be "time", that is the subject can differentiate two 

alternative list items (B vs C) through one being the "most recent list item" than 

the other, which refers to an implicit temporal order (Bower, 1972). The 

differentiation of items by a time reference has been extensively discussed in 

the judgment of recency (JOB) literature. Several studies have been carried out 

on the ability to judge the recency of the occurrence of items or events (e.g. 

Yntema & Trask, 1963). It has been argued that the JOB ability requires a 

complex interaction of memory, time estimation and judgmental processes at 

the time of retrieval (Hinrichs, 1970). What cue is actually used to separate the 

rival items has been debated and Yntema & Trask (1963) claimed that the items 

in memory carry time tags by which their relative recency can be examined. 

However, the assumption of an "internal-clock" and that direct retrieval of time 

can be associated with each item was later found rather unconvincing, and some 

theorists proposed a strength model for JOB instead (e.g. Morton, 1968). 

According to this view, the recency of an item was judged by its strength in 

memory which was characterized as a trace declining over the course of time. It 

has also been suggested that two different types of retrieval processes operate 

in a JOB task (Hinrichs, 1970): (1) memory strength: the retrieval of the
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information concerning the relative memory strength of the rival items and (2) 

judgemental/decision processes about the recency of an item.

Returning to consideration of A-B A-C studies from the perspective of JOB 

studies, it is likely that, category names (A items), given as cues at retrieval, will 

activate both the alternative associatively related items (B and C items) and, 

subjects will have to differentiate the earlier learned items (B items) from the 

more recent ones (C items), whether subjects differentiate the two alternative 

paired associate responses (B, C) during the retrieval by using time tags, ordinal 

position, relative memory strengths of traces or some list context markers is still 

not generally agreed but both Bower's (1972) position and the certain views 

derived from research on JOB (e.g. Hinrichs, 1970) would suggest that the 

retrieval of A-B, A-C lists should require some decision/verification processes 

based on indirect criteria (time-tags, relative strengths of traces or some list 

context makers); as it has been stated in the first chapter, this kind of verification 

processes is suggested to be supervisory operations (Shallice, 1988).

There is another theory which appears to have received little attention from the 

theorists interested in A-B, A-C paradigm. Arkes & Lyons (1979) put forward, 

what is called, the mediational theory in order to explain the findings of the 

Tulving & Watkins (1974) study. Arkes & Lyons argued that, when an immediate 

test of B does not take place, the B items are retained during the A-C list 

learning. This is an encoding strategy adopted by the subjects, because they 

know that they are to be tested on the B items and they do not want to forget B 

while learning the C items. Arkes & Lyons argued that this strategic encoding 

helps to ensure better learning of both the B and the C items. They also argued 

that the results of the studies (e.g. Tulving & Watkins, 1974) which showed that
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B items are recalled better than C items support their hypothesis that B items 

are retained at A-C learning and therefore are learned better than C. In sum, the 

mediational theory requires the subject's use of a specific strategy during the 

encoding process in learning of A-B A-C lists.

An alternative theory to the mediational theory, put forward by Burns (1989), 

holds that, in the A-B, A-C design experiments, subjects switch from one 

processing mode, called processing stimulus-response relational information, to 

a second processing mode, processing the individual-item-information. This 

relational and response-specific processing theory suggested that in learning of 

A-B list, subjects process stimulus-response relational information (A-B), that is 

they learn the B items in relation to the A items, but, in learning of A-C lists, they 

concentrate on the C items because the subjects have already learned the A 

items. Burns claimed that the B items are recalled better than the C items in the 

A-B A-C design experiments because, unlike C, the B items are learned in 

relation to the A items which are given as retrieval cues in the A-B A-C studies.

Arkes and Lyons (1979) and Burns (1989) largely focused on encoding processes 

of A-B, A-C lists. From the view point of retrieval operations, Arkes & Lyons 

argued that B items are more available at retrieval because they are elaborated in 

A-C learning. They also stated that there is a B-C dependence which is a forward 

association as opposed to a backward one (C-B), which indicates that the C 

items are retrieved through the B items. Therefore, the retrieval of C is likely to 

be more effortful and to require supervisory systems more than that of B on the 

position of Arkes & Lyons. Burns was also more concerned with the encoding 

conditions of A-B A-C lists than the retrieval ones. For the retrieval of A-B A-C 

lists. Burns suggested that two types of retrieval occur in A-B A-C paradigm: the
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cued recall of B through A and more independent recall of C. Burns supported 

his suggestion by demonstrating that when subjects were given a free-recall test 

instead of cued recall (A cues), the recall of C items was better in the A-B, A-C 

condition than in a control condition (A-B, D-C condition).

However, in recent years, Burns's (1989) relational and response-specific theory 

was criticized by several authors (e.g. Hirshman et al, 1993; Thapar, 1996). 

Hirshman et al (1993) showed that not only free recall of C items but free recall 

of B items is also better in A-B A-C conditions than in A-B D-C condition. This 

finding contradicts with Burns's view that, unlike B items, C items are encoded 

alone, not in relation to A and this is why the proportion correctly recalled in free 

recall of C items is better in A-B A-C condition than in A-B D-C condition. Burns's 

position would have predicted that B items would be encoded in relation to A 

both in A-B A-C and A-B D-C conditions, therefore the two conditions should not 

differ from each other in the free-recall of A-B lists. The findings of Hirshman et 

al study is not in line with this prediction. Thapar (1996) declared that accessibility 

of A stimuli as retrieval cues can explain why free-recall of responses (both B and 

C) is better in A-B A-C condition than A-B D-C condition. Thapar argued that in 

free-recall subjects retrieve stimulus terms (A in A-B A-C condition, A or D in A-B 

D-C condition) and use them as retrieval cues to aid retrieval of B or C items. 

Thapar reasoned that the subjects in A-B A-C condition benefit from having 

studied stimulus terms (A items) more than once as opposed to only once in A-B 

D-C condition. The use of self-generated cues in free recall is a familiar notion 

discussed in the previous section with respect to free-recall of categorized lists.

A number of different theories concerning the encoding and the retrieval 

processes of A-B A-C lists have been reviewed above. As stated before, some of
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these theories such as unlearning hypothesis and Burns's (1989) theory have 

been rejected or found insufficient to account for some interference effects or 

some of the results of A-B A-C studies. However, they produced some 

important ideas. For example, the general notion of competition between 

alternative responses might still play some role in A-B A-C paradigm, but the 

details of response competition such as the idea that recently learned items (C 

items) dominate cued-recall cannot account for all the patterns of results 

obtained in A-B A-C paradigm (e.g. the effects of proactive interference). 

Response competition theory suggested cognitive processes that appear to be 

non-strategic, less demanding operations. This is because the idea of 

competition relies on the associative links between alternative responses (B and 

C) and stimulus terms (A) and the strongly associated items with A cues are 

produced by means of activation. In fact this is the basis for the idea stated 

above that recently learned items are more active in memory and, therefore, 

they dominate the cued recall. Bower's (1972) account concerns similar idea of 

competition between B and C items but his account also includes supervisory 

operations such as verification/selection by means of which subjects recognize 

and reject wrong items competing for recall. As pointed out before in this 

section, the mediational theory (Arkes and Lyons, 1979) also suggested that 

subjects use encoding strategy in A-B, A-C paradigm with no immediate test of 

B items, that is the B items are retained during A-C learning. As mentioned 

before, this theory has not received much attention from theorists. Perhaps this 

is why its limitations are largely unknown or perhaps it is the theory which can 

successfully account for the different interference effects obtained in A-B A-C 

studies such as the results of the Tulving and Watkins (1974) study. The present 

research will attempt to shed light on this issue.
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2A  Event Knowledge and incorrect remembering o f events

The paradigms and the views discussed in the previous sections were related to 

object categories (e.g. animals). The object categories are relatively simple 

knowledge structures when compared to event knowledge which is associated 

with complex combinations of different types of entities including objects, 

actions, places, times, people etc. and causal, temporal relations between these 

entities. In this section, views concerning the structure of event knowledge will 

be discussed and compared with object category representations and then the 

incorrect remembering of experiences of events will be addressed.

2.4.1 Event knowledge structure and a comparison with the other types o f 

conceptual knowledge

It is believed that people have two broad types of event knowledge; general 

event schemata/knowledge and personal event knowledge (Barsalou, 1988). 

Personal event knowledge can also be divided into two types: personal semantic 

knowledge and specific event knowledge (autobiographical memories) (Dritschel 

et al, 1992). General event schema can be characterized as a hierarchically 

organized set of units describing generalized knowledge about an event 

(Mandler, 1984). A version of event schemas, called scripts, has also been 

proposed by Schank & Abelson (1977). They defined scripts as knowledge of 

stereotypical action sequences concerning common routines (e.g. going to a 

restaurant). The event schemas, scripts are suggested to be influencing the way 

we structure and remember personal events (Mandler, 1984). Furthermore, it 

has been argued that personal events are encoded as deviations from general 

event knowledge (Kolodner, 1983). According to this view those parts of the
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experienced events that can be inferred from general event knowledge are not 

encoded.

Some other theorists, however, have different views about the representation of 

events in mind. Some believe that personal events are stored as separate 

memory records with headings containing the content of events (Morton et al, 

1985). Others argued that when an event is experienced, information from many 

ontological domains/schemas (actions, places, people so forth) are copied and 

combined with the specific information experienced and then integrated into the 

hierarchically organized knowledge structure in relation to the most relevant 

generic event schema (Barsalou, 1988). Thus, according to this view, an event is 

a collection of exemplars from multiple ontological domains.

It is not crucial for the topic of this thesis to decide which of the above 

theoretical approaches are more promising than the others. Irrespective of the 

theoretical controversy concerning the event knowledge structure, for the 

purpose of this thesis an important issue is the differences and the associations 

between the event knowledge and other types of conceptual knowledge, e.g. ad 

hoc categories or goal-derived categories and object categories (Barsalou, 1983). 

Ad hoc categories are described as categories containing items that are related 

to each other within a context but they come from different conceptual 

categories. Ad hoc categories were found to be closely associated with personal 

and general event knowledge because they are event specific (Conway, 1990). 

For example, an ad hoc category like "things to take to a camping holiday" is likely 

to be associated with personal events concerning camping. In contrast, it has 

been suggested that object categories are not directly associated with memory 

of experienced events (Conway, 1990). In a study, Conway (1990) showed that
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object category labels (e.g. vegetables) did not prime autobiographical memory 

retrieval, whereas, ad hoc category labels (e.g. birthday presents) did reliably 

facilitate retrieval of autobiographical memories. Conway argued that one reason 

for this is that object categories are not event specific, that is an object category 

can be associated with simply too many events and become decontextualized.

It has also been pointed out that the main difference between the object 

categories and the ad hoc categories is in the representation of the two different 

categories in memory (Conway, 1990). Object category knowledge is assumed 

to be represented in memory with characteristic attributes which are shared by 

all members of an object category and defines the class-inclusion (i.e. all animals 

which have wings, feathers, and can fly are birds). In contrast, ad hoc category 

items cannot be represented in memory by properties that are true of a concept 

across many different contexts (Conway, 1990).

2A.2 Incorrect recall o f events

In Chapter 1, event confusion has already been discussed in relation to the 

neuropsychological condition, confabulation. In this section incorrect 

remembering of event experiences in normals will be addressed. Barsalou 

(1988) stated that the intrusion of one event into the recall of another can be 

explained when the structure of event knowledge is taken into consideration. 

According to Barsalou, because the personal events are closely associated with 

the general event knowledge through different ontological domains (people, 

objects, places so forth), event knowledge is often used to infer some detailed 

information about a specific event. Barsalou argued that the use of general event 

knowledge this way can lead to incorrect event information being retrieved.
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Taking an example given by Barsalou, assume someone is trying to remember 

where she had a drink with a particular friend in Paris at a particular time (e.g. last 

summer). She would think of the cafes that she often goes to in Paris and may 

recall the incorrect cafe as the place she had the drink.

Incorrect insertion of event elements from general event knowledge has been 

demonstrated in a study involving scripts. Bower et al (1979) gave incomplete 

scripts to their subjects. The scripts had some but not all the typical 

elements/actions of some common routines. The study revealed that the 

subjects showed some tendency to report the part of the scripts that had not 

been presented. There are also several studies in the literature which illustrate 

that people's memories of events are not always accurate. Loftus (1975) 

showed subjects a film concerning an accident and then inserted some 

misleading information about the film in the subsequent questionnaire (i.e. asked 

about an object that was not actually in the scene). Later when the subjects' 

memories were tested about the scene, the study showed that the subjects 

remembered the misleading information as part of the accident scene. In a 

series of experiments, Loftus et al (1978) and Loftus & Palmer (1982) tried to 

identify the memory mechanisms that are responsible for such incorrect 

remembering of experiences and claimed that the original record of an event 

decays with time and becomes susceptible to be replaced by the subsequent 

related information that one experiences.

However, Bekerian & Bowers (1983) and Bowers & Bekerian (1984) disagreed 

with the view of Loftus et al (1978) and Loftus & Palmer (1982) that the original 

memory is being replaced by the post event information and argued that the 

original record and the post event information both exist in the memory of
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subjects. They explained incorrect remembering in terms of retrieval difficulties 

by using the Norman & Bobrow's (1979) retrieval model. They argued that when 

there are two similar records in memory, like the original accident scene and the 

record of the misleading information in Loftus et al's (1978) study, the successful 

discrimination of these two similar records depends on the formation of a good 

description at retrieval (the target specification stage of the Norman & Bobrow 

model, see Chapter 1).

Bekerian & Bowers (1983, 1984) argued that Loftus et al's (1978) experiments 

did not allow subjects to form a good target description because both in the 

questionnaire containing the misleading information and the final test of the 

original film, Loftus et al changed the order of the scenes, that is the questions 

referring to the different scenes of the film were randomly ordered. The original 

order of the film scene-sequences would have provided thematic information 

that could have been used to access the right record in the target specification 

stage of retrieval. Bekerian and Bowers provided some support for their position 

in an experiment which was identical to the Loftus's study except that half the 

subjects were given questions in an order that matched the original film-scene- 

sequences. The study results showed that this group did not exhibit loss of the 

original memories suggesting that the original memory can be accessed if 

adequate retrieval information is available.

2.5 Outline o f the experiments

The main purpose of this thesis is to study if supervisory processes are involved 

both in the encoding and the retrieval stages of various memory tasks and if so 

how, by means of interfering with these processes using different dual task
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designs. Eleven experiments are reported in the present thesis.

In the first three experiments, reported in Chapter 3 and 4, the role of 

supervisory systems in the free-recall of categorized lists is explored. In section

2.2, it was hypothesized that supervisory systems possibly have two different 

roles; one at the encoding and the other at the retrieval of categorized lists. At 

encoding, supervisory systems are held to operate in the memory 

organization/clustering processes, while at retrieval, they are held to be involved 

in the two types of mental search operations (the search for category name, 

then for category items). Experiment 1 and Experiment 2 tested these 

hypotheses in a dual task experimental design where each word list contained 

groups of items from two categories and the secondary task was a card sorting 

task. The results of both Experiment 1 and Experiment 2 showed an effect on 

encoding but not on retrieval.

In Experiment 1 and Experiment 2, an additional feature was also added to the 

test of the recall of categorised lists, in order for it to require the use of the 

verification mechanisms, believed to be operated by supervisory systems. The 

additional feature is that, each of the two categories which has a group of 

elements in one list, also has an element in each of the four previously 

presented lists. So the conceptually related items (items of a category) were 

distributed vertically and horizontally across the lists. The expectation was that 

this distribution of the conceptually related items across the experimental lists 

would cause the following effects: when the categorical nature of the input 

items allowed subjects to use the category names as retrieval cues, it is 

predicted that a category name would trigger not only the relevant group of 

elements in the to-be-remembered list but also the other elements of the same
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category presented across the previous 4 lists. So there would be competition 

between the conceptually related items in the previous lists and in the recent 

list, which would mean that selection and verification mechanisms would need 

to come into operation. In a single task condition these strategic/supervisory 

processes could be expected to operate smoothly, but in a dual task condition 

the prediction was that the secondary task would interfere with the verification 

processes and that the interference would be observed in the intrusion errors. 

The results of both Experiment 1 and Experiment 2 did not support the 

assumptions made above.

Experiment 3, reported in Chapter 4, re-examined the role of supervisory 

systems in the retrieval of categorized lists. In light of the results of experiments 

1 and 2, it is hypothesized that the supervisory systems come into play in the 

first type of mental operation from the two typesTprocesses that operate in recall 

of categorized lists, that is the search for category names. Once a category 

name is found, the second type of mental operation, recall of items within the 

category, is assumed to be rather an automatic process. Therefore, it is 

predicted that an increase in the number of categories per list employed would 

also increase the demand for the first type of mental operation which is 

assumed to involve supervisory processes. To test this prediction, Experiment 3 

employed three different types of lists: two-category-lists, four-category-lists and 

six-category-lists. It is predicted that if there is a link between the number of 

categories and the secondary task effect on recall, then Experiment 3 should 

show an effect on recall of lists with large number of categories. The results of 

Experiment 3 provided some support for this prediction.

In the fourth experiment, reported in Chapter 5, supervisory functioning in the
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retrieval stage of a list differentiation task with an A-B A-C design was 

investigated. The subjects learned two paired associate lists (A-B, A-C) at a 

study-trial and then recalled one of the two lists. There was not an immediate 

recall of B items before the A-C list learning. The experiment had a dual task 

design where the secondary task (a card sorting task) was present only during 

the retrieval of A-B, A-C lists. As discussed in the section 2.3, it was held that the 

list differentiation paradigm requires higher order systems (Moscovitch, 1992ab). 

It was also hypothesized that the retrieval of the A-B, A-C lists would involve 

verifying and rejecting a paired associate that is retrieved from an incorrect list, in 

the sense of Bower's (1972) account stated in Section 2.3. Therefore, it was 

predicted that the secondary task interference with these processes would lead 

to the failure of the supervisory verification operations which would be observed 

in intrusion errors. The results of Experiment 4 supported the predictions.

The fifth experiment, reported in Chapter 6, had two aims. The first was to 

replicate some of the findings of the fourth experiment concerning the retrieval 

processes. The second aim is to explore the supervisory functioning at the 

encoding of A-B A-C lists. There are several theories concerning the encoding 

processes that operate in A-B, A-C paradigm which were discussed in Section

2.3. It was stated in Section 2.3 that the mediational theory proposed by Arkes & 

Lyons (1979) received little attention from researchers but it appears to offer a 

good interpretation of the results of some A-B A-C studies (e.g. Tulving and 

Watkins, 1974; Allen and Arbark, 1976) that showed that certain experimental 

manipulations can reverse the typical results of A-B A-C retroactive interference 

paradigm. Experiment 5 used dual task methodology to manipulate the encoding 

processes of A-B A-C lists. The results supported Arkes & Lyons's mediational 

theory.
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Experiments 6, 7 and 8, reported in Chapter 7, were carried out to investigate 

the mediational theory (Arkes and Lyons, 1979) fuither and assess the 

inferences drawn from the results of Experiment 5 from the perspective of the 

use of a dual task paradigm. Does the secondary task actually interfere with the 

strategic processes of retaining B at A-C learning (mediational processes) or does 

it simply cause a reduction in performance because it is difficult to perform two 

tasks?. In order to answer this question an experimental design where a 

secondary task interferes with either the B-item-learning alone or the C-item- 

learning alone, not both, has been used in experiments 6 to 8. This design also 

constitutes appropriate conditions for the re-test of the mediational theory. It is 

predicted that if, as the mediational theory suggested (Arkes and Lyons, 1979), 

the strategic processes involved in the retaining of B at A-C learning lead to 

better recall of B, then when only the C-item-learning is interfered^" by a 

secondary task, not only a reduction in the C-item-recall but also that in the B- 

item-recall should be observed. In addition, it is predicted that this experiment 

will reassure that the effect of a secondary task is more than a simple reduction 

in the recall of a list at learning of which the secondary task was present. The 

results of Experiment 6 and 7 were consistent with the predictions and provided 

strong support for the mediational theory. Experiment 8 is a control study which 

used A-B D-C paradigm instead of A-B A-C paradigm. This experiment showed 

that when two alternative lists such as A-B, D-C lists that do not share stimulus 

terms (A versus D) or response terms (B versus C) are used, a secondary task 

interference with the encoding of only one of the two alternative lists does not 

influence the recall of the other one which is learned free from the secondary 

task.
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Finally, experiments 9, 10, and 11 reported in Chapter 8, were carried out to 

examine the recall of elements of common events (e.g. burglary) and simulate 

confabulation/event confusion in normal subjects by disrupting the supervisory 

control in dual task conditions. The experiments employed categories containing 

event elements. Experiments 9 and 10 were preliminary studies for Experiment 

11 and examined the structure of the event categories. Experiments 9 and 10 

showed that elements within an event category are strongly associated. In 

addition, Experiment 10 and Experiment 11 both had a list differentiation design 

where either of two alternative event-element-lists is free-recalled in dual task 

and non-dual task conditions. Experiment 10 which used unrelated event lists 

showed that there was no effect on recall. On the other hand. Experiment 11 

showed that there was an effect on recall when related-event-element-lists 

were used, and interference with recall of related-event-element-lists also led to 

event element confusions.
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CHAPTER THREE

Experiment 1 and Experiment 2: Supervisory Functioning in Free-recall of 
Categorized Lists
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3.1 Introduction

In this first attempt to study supervisory functioning at the encoding and the 

retrieval stages of memory in a dual task paradigm, a categorized list recall task is 

chosen as the primary task for the following reasons: First, the recall of 

categorized lists is one of the paradigms/tasks which has been suggested to 

involve higher order systems (Moscovitch, 1992ab) and is also the one that has 

been studied with a dual task design. However, the studies on it have produced 

contradictory results specifically in relation to the retrieval processes. The 

findings in regard to the encoding processes of the task are much clearer. 

Second, the categorized list recall task used in the present study is equipped 

with an additional feature in order for it to involve a particular type of supervisory 

processes, that is the verification processes.

As discussed in Chapter 1, the dual task studies which have investigated the 

processing requirements of the two stages of the categorized list recall task give 

consistent results as regards the secondary task effect on the encoding 

processes involved in the task but give inconsistent ones concerning the effect 

on retrieval. The literature concerning the kind of processes that operate in 

performing a categorized list recall task have also been discussed in Chapter 2. 

There it was argued that, in the task of recall of items from different categories 

presented randomly in a list, the categorical nature of the list material led 

subjects to use supervisory processes both at encoding and retrieval but in 

different ways. During encoding, the supervisory systems are assumed to be 

involved in the organization of the list items into two or more exclusive 

conceptual categories (memory organization). During retrieval, supervisory 

systems would be involved in search operations to generate category labels
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which are then used to cue the category items. Therefore, it was concluded that 

a secondary task would interfere with both of the processing stages (encoding 

and retrieval). However, while some authors have found no effect of a secondary 

task at retrieval, some others have found that the secondary task interfered with 

both the encoding and the retrieval processes although the secondary task 

effect was larger at encoding (see Chapter 1 for the detail of the studies). These 

contradictory results undermine the assumption concerning the involvement of 

supervisory systems in the recall of categorized lists. Thus, the present study 

aimed to reexamine the processing requirements of the two stages of the 

categorized list recall task.

As was discussed in Section 1.9.2 in Chapter 1, there are some problems in 

applying dual task methodology and the choice of a secondary task is important 

in designing dual task experiments. It has been suggested that a secondary task 

should not be a very demanding task (Moscovitch, 1994a) nor should it be a task 

that can be performed automatically (Fisk et al, 1986). A card sorting task was 

selected as the secondary task for the present study. The card sorting task 

employed by the present study was used before in dual task experiments. As 

reported in Section 1.9.3 in Chapter 1, Baddeley et al's (1984) study showed that 

the card sorting task did not interfere with free recall of unrelated words, so it is 

not a very demanding task. On the other hand the Baddeley et al study also 

showed that the sorting task had an effect on recall of categorized lists. The 

categorized list recall task to be used in the present study has got different 

features than that used by Baddeley et al; these features will be described in the 

next section.

Two experiments will be reported in this chapter. The second experiment
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provides a replication of the first one but there are a number of, mostly, technical 

differences between the two experimental designs. In addition, the second 

experiment employs a four choice response task as secondary task. It is 

assumed that the card sorting task and the four choice response task are 

essentially similar to each other for they both require manual responses to four 

random stimuli. Craik et al (1996) employed a four choice response task quite 

similar to the one used in Experiment 2. As discussed in Section 1.9.3 in Chapter 

1, the Craik et al study showed that the four choice response task interferes 

with free recall of unrelated common nouns.

3.2 Experiment 1

The design of Experiment 1 resembles that of the Baddeley et al (1984) 

experiment which also employed categorized list recall task. There is a 15 

seconds interval between the offset of the presentation of each list and the 

onset of the list-recall. During this interval subjects were prevented from 

rehearsing the input material by carrying out a number-repetition task. The aim of 

using this interval was to diminish the influence of the recall of primary memory 

representations on the recall-performance of the subjects. It has been pointed 

out that the use of a distractor task like repetition of numbers appears to be an 

effective means of preventing rehearsal (Baddeley et al, 1984; Eysenck, 1994). 

One major different feature of the present experiment was the way in which the 

category items were distributed across the 14 lists. For each category employed 

there was not only a group of elements in one list but there was also a single 

element in each of the four lists presented before it. This distribution of category 

items is called the ( 1111 4/6)-pattern, the four Is  correspond to the four single 

elements in the previous four lists and the 4/6 corresponds to the group of
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elements (4 or 6) in the following list (see Figure 3.1).

Figure 3.1 The structure of the word lists

No list 1 list 2 list 3 list 4 list 5
6 6 insects

10 4 relatives
11 1 soft-drinks 6 soft-drinks
12 1 reading materials 4 reading materials
13 1 fish 1 fish 6 fish
14 1 kind of cloths 1 kind of cloths 4 kind of cloths
15 1 type of Music 1 type of Music 1 type of Music 6 type of Music
16 1 military titles 1 military titles 1 military titles 4 military titles
n  1 kitchen utensils 1 kitchen utensils 1 kitchen utensils 1 kitchen utensils 6 kitchen utensils
18 1 four-footed animals 1 four-footed animals 1 four-footed animals 1 four-footed animals 4 four-footed animals
26 8 fillers : : : :

The logic behind the presentation of category items in the (1 1 1 1 4/6)-pattern 

was that with this additional feature the categorized list recall task was expected 

to require verification processes which are held to be supervisory (see Burgess 

& Shallice, 1996). As discussed in Chapter 2, several authors (e.g. Watkins, 1979) 

suggested that subjects use category names as retrieval cues in performing a 

categorized list recall task. Due to the presentation of the category items in the 

(1111 4/6)-pattern in the present design, it was predicted that a category-label- 

cue would activate not only its group of elements in the current to-be- 

remembered list but would also activate the other elements presented across 

the previous 4 lists. So it was assumed that there would be competition 

between the conceptually related items in the previous lists and those in the 

present list and, in order to determine which of the competing words were in 

the current to-be-remembered list, evaluation and verification processes would 

be necessary (see Norman & Bobrow's retrieval model, 1979; also in Chapter 1). 

From this perspective, it was predicted that the secondary task would interfere 

with these verification processes and that the interference would be observed in 

the intrusion errors made by subjects.
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3.2.1 Method

Subject

Subjects were 12 adults (8 females and 4 males) under the age of 40. They were 

postgraduate and undergraduate students at University of London, who were 

paid for their contributions.

Design

A within subject design was used. All subjects performed in all of the 4 different 

secondary task conditions: (1) encoding+retrieval interference: secondary task is 

performed at encoding and at retrieval; (2) encoding interference: secondary task 

only at encoding; (3) retrieval interference: secondary task only at retrieval; and 

(4) control: no interference condition.

Materials and Procedure

Subjects were individually tested in a quiet room. 28 categories were selected 

from the Battig and Montague (1969) category norms. A set of 4/6 category- 

items in a list were matched in frequency with the 4 single same-category items 

in the previous 4 lists. Each list also contained filler words which were not 

related to the categories used and the number of words in a list was 26 (see the 

lists in Appendix I). The list words were tape-recorded at a rate of 2 seconds per 

item in random order and, for the interval-task (a random number repetition task), 

the random-numbers were recorded at a rate of 1 second per number. After 

each word list was presented, a sequence of 15-random-numbers followed and
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subjects repeated the numbers as they heard them. This was followed by 45s 

for recall, which was recorded on another tape recorder. The beginning and the 

end of each block were marked with a sound.

The secondary task was card-sorting task similar to the one used by Baddeley at 

al (1984). The standard playing cards are employed for the task, the subjects 

were asked to sort the cards into its four suits (clubs, diamonds, hearts, and 

spades). Subjects were encouraged to sort the cards at the rate of one every 

1.5s, timed by a metronome. They were given a practice session to adjust their 

card-sorting speed to the required rate of 1.5 second per card. The experimenter 

sat just the opposite side of a table and observed the subjects' card sorting rate. 

If they fell behind the 1.5 second rate, the experimenter circled her hand in the 

air or pointed the metronome indicating that they had to speed up. In addition, 

between the trials, the experimenter reminded the subjects that they should not 

fall behind the rate. There were 14 trials for 14 lists and the lists were assigned 

to the 4 attentional division conditions (encoding+retrieval interference, encoding 

interference, retrieval interference, control) in a Latin Square order. The subjects 

were told that if they were given a card set when the sound occurred marking 

the end of a 15s interval of the random number repetition, they were to start to 

perform the card-sorting task. Thus, if they were to learn a list or to recall a list, 

they were going to do so while sorting the cards into their 4 suits (clubs, 

diamonds, hearts, and spades). So the subjects started to sort the cards 

immediately after the sound that marked the beginning of a to-be-remembered- 

list or the end of a 15s interval of the random number repetition.

The results were examined for the following; (1) correct word recall: the number 

of the words recalled from a to-be-remembered list. (2) categorical clustering:
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this was calculated by subtracting 1 from the number of the same category

words recalled in succession, for each of such group at a list recall (Moscovitch,

1994). For example, if two same category words were recalled followed by a

different category word and then three same category words, the clustering

score would be (2-1)+(3-1)= 3. (3) The data were also examined for three types

of errors: (a) categorical-word-intrusion: the number of the category words from

the previous lists which were misremembered in the subsequent-list recall; (b)

filler-word-intrusion: the filler words from the previous lists which were
iij'i'

misremembered in the subsequent-lists; (c) extra-word-intrusion: the words 

which were in none of the lists, they were invented by subjects at retrieval. In 

addition, errors on the secondary task were also assessed.

3.2.2 Results

Co r rect-wo rd-r eca II s

The mean scores and the standard deviations of the conditions are given in Table

3.1. An analysis of variance for repeated measures showed that, overall, there 

was a significant difference between the attentional division conditions (F(3, 

33)= 21.01 p<.001). The conditions were further compared by using the 

Newman-Keuls test. The Newman-Keuls test indicated that the encoding 

interference condition (M = 4.82) and the encoding+retrieval interference 

condition (M = 4.01) were significantly different from the control condition (M = 

9.44) (p<.05) but they did not differ from each other. The retrieval interference 

condition (M = 7.97) did not differ significantly from the control condition (p>.05) 

but it did differ from the encoding+retrieval interference condition and the 

encoding interference condition (p<.05). The Newman-Keuls test revealed two
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subsets. The encoding interference condition and the encoding+retrieval 

interference condition constituted one subset and the control condition and the 

retrieval interference condition formed another subset.

Categorical clustering

The mean scores and the standard deviations of the conditions are depicted in 

Table 3.1. An analysis of variance for repeated measures showed a significant 

difference between the conditions in the categorical clustering measure (F(3, 

33)= 8.56, p <.001). The conditions were compared further by using the 

Newman-Keuls test. This analysis revealed that only the retrieval interference 

condition (M = 2.38) did not differ from the control condition (M = 2.67) (p>.05) 

but it did differ from the encoding interference condition (M = .99) and from the 

encoding+retrieval interference condition (M = 1.07) (p<.05). The encoding 

interference condition was significantly different from the control condition 

(p<.05) but it was not from the encoding+retrieval interference condition (p>.05). 

The Newman-Keuls test, therefore, revealed two subsets. The encoding 

interference condition and the encoding+retrieval interference condition again 

constituted one subset and the control condition and the retrieval interference 

condition formed another subset.
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TABLE 3.1 Mean Number of Correctly Recalled Words and
Clusters as a Function of the secondary task load
Measures M SD
CORRECT-WORD-RECALL

Encoding+Retrieval interference 4.01 2.47
Encoding interference 4.82 1.81
Retrieval interference 7.97 2.57
Control 9.44 3.86

CATEGORICAL CLUSTERING
Encoding+Retrieval interference 1.07 .99
Encoding interference .99 .65
Retrieval interference 2.38 1.61
Control 2.67 1.51

Error Types

The mean scores and the standard deviations of the conditions are given in Table

3.2. Analyses of variances for repeated measures revealed that there was no 

significant difference between the attention division conditions on the error-

types (category-word-intrusion, F(3, 33)= .85, p >.05; filler-word-intrusion, F(3,
/ ■ i

33)= .79, p >.05; extra-\A^ 

were not analyzed further.

lisi33)= .79, p >.05; extra-\A^-intrusion, F(3, 33)= .54, p >.05). Therefore the data
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TABLE 3.2 Mean Number of errors as a function of the
secondary task load
Measures M SD
CATEGORY-WORD-INTRUSIONS

Encoding+Retrieval interference .39 .43
Encoding interference .32 .33
Retrieval interference .51 .44
Control .54 .61

FILLER-WORD-INTRUSIONS
Encoding+Retrieval interference .17 .33
Encoding interference .07 .17
Retrieval interference .04 .14

EXTRA-WOfe- INTRUS IONS
.08 .19

Encoding+Retrieval interference .28 .22
Encoding interference .36 .57
Retrieval interference .18 .23
Control .28 .39

The errors on the secondary task were also exannined. As the subjects were 

sorting the cards at the rate of 1.5s, timed by a metronome, during encoding 

they had to sort 34 cards in 52 seconds, as they heard 26 words at a rate of one 

every 2 seconds. The results of the secondary task performance showed that 

the encoding+retrieval interference condition produced an average of 3.25 errors 

out of 34 cards. Thus, the error percentage for this condition was %9.56. The 

encoding interference condition produced an average of 3.17 errors (%9.32). 

During retrieval the subjects were expected to sort 30 cards in the 45 second- 

recall-session. The results showed that the encoding+retrieval interference 

condition produced an average of 2.63 errors out of 30 cards. Thus, the error 

percentage at retrieval for this condition was %8.77. The retrieval interference 

condition produced an average of 2.68 errors (%8.93). Overall the errors on the 

secondary task were virtually identical across conditions.
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3.2.3 Discussion

The present results showed a secondary task effect on encoding but no effect 

on recall. Also the encoding interference and the retrieval interference conditions 

did not produce significant amount of category-word-intrusion errors when 

compared to the control condition. This was unexpected because it was 

assumed that presentation of category items across the lists in (1 1 1 1 4/6)- 

pattern would have led to a competition between the same category items in 

different lists and the secondary task interference with the verification of the 

competing items would have expected to produce intrusion errors but this was 

not the case. A replication of this experiment has been carried out. Experiment 2 

will be reported in the following section and then the implications of the results 

of Experiment 1 and Experiment 2 will be discussed.

3.3 Experiment 2

The results of Experiment 1 were not as expected. This may imply that the 

assumptions concerning the cognitive mechanisms required to carry out the 

categorized list recall task were wrong. However, before re-assessing the 

assumptions or the hypotheses put forward at the outset of this chapter, it 

would be better to first consider methodological problems and replicate 

Experiment 1. One possible reason for not obtaining a secondary task effect on 

recall in Experiment 1 could be that the categorized list recall task did not attract 

enough clustering processes during retrieval due to the relatively high number of 

filler words contained by the experimental lists. So in Experiment 2 eight filler 

words in each list are discarded and also the number of category items 

contained by each list was increased (see the materials and procedure section
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for the details of these changes). In addition, as was pointed out in the 

Introduction Experiment 2 employed a four choice response task as secondary 

task with the assumption that this task is fundamentally similar to the card 

sorting task used in Experiment 1. One advantage of the four choice response 

task is that it is easy to record secondary task performance on a computer.

3.3.1 Method

Subject

24 males and 16 females participated in the study. They were postgraduate and 

undergraduate students at University College London, aged between 19 to 34. 

They were paid for their contributions.

Design

A between subject design was used. 40 subjects were divided into 4 groups, 

ten subjects for each of the following four different secondary task conditions; 

(1) encoding+retrieval interference group: the subjects in this group performed a 

secondary task (four choice response task) during the encoding and the retrieval 

of a task of free recall of categorized lists; (2) encoding interference group 

performed the secondary task at encoding only; (3) retrieval interference group 

performed it at retrieval only; and (4) control group performed the primary task 

only.
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Materials and Procedure

Subjects were individually tested in a quiet room; they were given written 

instructions. The materials and the structure of the lists were similar to 

Experiment 1, except that 8 filler words of each list were discarded and the 

number of category items in a list was increased by 2. There were 6 items per 

category in a list, instead of 4 items from one category and 6 from another which 

was the case in Experiment 1. In other words the ( 1 1 1 1  4/6)-pattern of 

distribution of the category items was changed into ( 1 1 1 1  6/6)-pattern. These 

changes were made to encourage more clustering processes in this experiment 

than in Experiment 1. There were 10 lists containing 20 items in Experiment 2 

(see the lists in Appendix II). The list words were tape-recorded at a rate of 2 sec 

per item in random order and, for the interval-task (a random number repetition 

task), two digit random-numbers (between 10 to 99) were recorded at a rate of 1 

sec per number. There were ten trials. In each trial, a word list was presented, 

which was followed by a sequence of 15-random-numbers and subjects 

repeated the numbers as they heard them. After that the subjects were given 

45s to recall the list, which was recorded on a tape recorder. The beginning and 

the end of each block were marked with a sound.

For the secondary task, the equipment was a computer (Elonex PC 333) with 4 

symbols (a square, a triangle, a circle, and a plus) situated on the keys of V, B, N, 

and M on the keyboard. The 4 symbols were presented randomly in the middle 

of the computer screen at a rate of 1.5 sec and the subjects had to respond until 

the next symbol was presented. Responses were recorded. The subjects who 

performed the secondary task were asked to give equal importance to both the 

primary and the secondary tasks.

87



The results were examined for the followings: (1) correct word recall: the 

number of words recalled from a to-be-remembered list. (2) categorical 

clustering: this was calculated by subtracting 1 from the number of the same 

category words recalled in succession. (3) The data were also examined for two 

types of errors: (a) category-word-intrusion: the number of category words from 

the previous lists which were misremembered in the subsequent-list recall; (b) 

extra-wefë-intrusion: the words which were in none of the lists, they were 

invented by subjects at retrieval. In addition, the number of correct responses 

and the number of errors on the secondary task were also assessed.

3.3.2 Results

Correct-word-recall

The mean scores and the standard deviations of the four attentional division 

conditions are given in Table 3.3. A One-way analysis of variance was applied to 

the data. The analysis showed that, overall, there was a significant difference 

between the attentional division conditions (F(3, 36)= 19.82 p<.001). The 

conditions were further compared by using a Newman-Keuls test. The results 

were similar to the results of Experiment 1. The Newman-Keuls test indicated 

that the encoding interference condition (M = 4.49) and the encoding+retrieval 

interference condition (M = 3.49) were significantly different from the control 

condition (M = 8.11) (p<.05) but they did not differ from each other (p>.05). The 

retrieval interference condition (M = 7.06) did not differ significantly from the 

control condition (p>.05) but it did differ from the encoding+retrieval interference 

condition and the encoding interference condition (p<.05). The Newman-Keuls



test revealed two subsets. The encoding interference condition and the 

encoding+retrieval interference condition constituted one subset and the control 

condition and the retrieval interference condition formed another subset.

Categorical clustering

The mean scores and the standard deviations of the conditions are depicted in 

Table 3.3. A One-way analysis of variance revealed a significant difference 

between the conditions on the categorical clustering measure (F(3, 36)= 21.76, p 

<.001). The conditions were compared further by using a Newman-Keuls test. 

This analysis revealed that the retrieval interference condition (M = 2.82) did not 

differ from the control condition (M = 2.95) (p>.05) but it did differ from the 

encoding interference condition (M = 1.24) and from the encoding+retrieval 

interference condition (M = .96) (p<.05). The encoding interference condition 

was significantly different from the control condition (p<.05) but it was not from 

the encoding+retrieval interference condition (p>.05). The Newman-Keuls test, 

thus, revealed two subsets. The encoding interference condition and the 

encoding+retrieval interference condition again constituted one subset and the 

control condition and the retrieval interference condition formed another subset.
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TABLE 3.3 Mean number of words correctly recalled, clusters
and the corresponding standard deviations as a function of
the secondary task load
Measures M SD

CORRECT-WORD-RECALL
Encoding+Retrieval interference 3.49 .57
Encoding interference 4.49 1.48
Retrieval interference 7.06 1.89
Control 8.11 1.81

CATEGORICAL CLUSTERING
Encoding+Retrlevai interference .96 .42
Encoding interference 1.24 .60
Retrieval interference 2.82 .81
Control 2.95 .88

Error Types

The mean scores and the standard deviations of the conditions are given in Table 

3.4. A One-way analysis of variance revealed that there was no significant 

difference between the attentional division conditions on the category-word- 

intrusions measure (F(3, 36)= 1.72, p >.05). A separate one way analysis of 

variance showed that the conditions did not produce significant difference in 

number of extra woW intrusions either (F(3, 36)= 1.03, p >.05). Therefore this 

aspect of the findings was not analyzed further.
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TABLE 3.4. Mean number of errors and standard deviations as
a function of the secondary task load
Measures M SD

CATEGORY-WORD-INTRUSIONS
Encoding+Retrieval interference .60 .32
Encoding interference .83 .81
Retrieval interference .61 .53
Control .29 .27

LXSTEXTRA-WORB-INTRUSIONS
Encoding+Retrieval interference .26 .18
Encoding interference .31 .29
Retrieval interference .13 .26
Control .21 .19

Performance of the secondary task was also examined. The encoding+retrieval 

group produced a mean number of 33.24 correct responses during encoding and 

32.43 during retrieval. The encoding interference group produced a mean 

number of 32.19 correct responses while the retrieval interference group 

exhibited a mean number of 29.93. One-way analysis of variance showed no 

significant difference between the attentional division conditions (F(3,36)=.66, p 

>.05). The errors on the secondary task were also examined. The results 

showed that the encoding+retrieval interference group produced an average of 

3.12 errors during encoding and 2.46 during retrieval. The encoding interference 

group produced an average of 2.92 errors while the retrieval interference group 

produced 3.18. Overall the errors on the secondary task were similar across the 

conditions. One-way analysis of variance revealed that there was no significant 

difference between the attentional division conditions (F(3,36)=.19, p >.05).
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3.3.3 Discussion

Experiment 2 produced very similar results to those of Experiment 1. 

Interference with encoding led to a decline in performance but the control 

subjects and the subjects in the retrieval interference condition performed the 

categorized list recall task equally well. Despite the exclusion of filler words and 

the increase in the number of category items per experimental list, the 

categorical clustering results were similar to (although slightly higher than) that in 

Experiment 1. The changes in Experiment 2 were also done in the hope that the 

( 1111 6/6)-pattern presentation of category items would lead to category-word- 

intrusions in the dual task conditions but the intrusion errors were very low 

across the all conditions, which was consistent with the previous experiment.

3.4 General Discussion

The consistent results of the two experiments indicate that the experimental 

manipulations carefully thought of to investigate supervisory processes and 

supervisory verification processes in particular at the encoding and the retrieval 

of categorized lists failed to produce the kind of outcome that was anticipated in 

the Introduction of this chapter; specifically at least some of the assumptions 

concerning the retrieval processes of categorized lists were falsified.

The results of the two experiments on the correct-word-recall showed that the 

secondary task interfered with the recall of categorized lists only if it was 

performed during encoding. These results are parallel with some of the studies 

in the literature (e.g. Baddeley et al, 1984) in that encoding demands more 

effortful processes than retrieval. As stated in the introduction, these effortful
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processes that operate during the encoding of categorized lists were assumed 

to be memory organization processes characterized as one of the functions of 

supervisory systems in Chapter 1. It is expected that interference with these 

memory organization processes would result in with a reduction in the clustering 

performance in the encoding interference condition. This prediction gained some 

support from the clustering results which showed low clustering in the encoding 

interference condition but this can be seen as complement of correct word recall 

which was also low in the encoding interference condition.

With regard to the retrieval processes, the results of Experiment 1 and 

Experiment 2 showed that the secondary task does not influence either the 

correct-word-recall or the clustering. The performance of the subjects in the 

retrieval interference condition was not significantly worse than that in the 

control condition. This finding appears to support the view that retrieval is largely 

an automatic process (Baddeley et al, 1984). However, as stated in the 

introduction there are some other studies (e.g. Park et al, 1989) which showed 

an effect on recall. There should be a plausible reason for this difference: As it 

was pointed out in the introduction of this chapter the type of cognitive 

processes that operate in free-recall of categorized lists were discussed in 

Section 2.2. of Chapter 2. In that section an analysis of different views and 

retrieval models led to the conclusion that recall of categorized lists should 

involve at least two types of mental operations: first, generation of category 

names which is seen as supervisory/effortful processes and, second, a rather 

automatic process of activation of category items by the category name cues. In 

view of this it will be suggested here that if the supervisory systems come into 

play more at the first type of mental operations (instigation of the search for a 

category label), then the number of categories that an experimental list contains

93



can be crucial for the outcome of the dual task experiment The more categories 

that a list has the more search for category names and so supervisory processes 

the task would require.

This view may find some support if the materials used in the dual task studies in 

the literature are compared; Park et al (1989) used categorized lists each of 

which contained items from 6 categories and the Baddeley et al's (1984) second 

experiment concerning categorized list recall involved lists with four categories. 

Both of these studies showed an effect on recall but the effect was rather 

smaller in the Baddeley et al study which employed less number of categories 

than the Park et al study. This particular experiment of Baddeley et al. was one 

of their few experiments which showed an effect on recall; as discussed in the 

section on "Interference to the supervisory Functioning: Dual task studies" in 

Chapter 1, the majority of the experiments conducted by the authors failed to 

show an effect on recall. In contrast to the Park et al.'s and the Baddeley at al.'s 

experiments concerning categorized list recall, Johnston et al's (1972) study, 

which did not show a secondary task effect at retrieval, employed fewer 

categories per list (3 words from 3 categories). In view of this, it can be argued 

that as in the present two experimental designs a list had only two categories, 

the supervisory system involvement in the retrieval processes of the memory 

task was trivial, therefore, the lack of the secondary task effect at retrieval is not 

surprising.

At the outset of this chapter, another assumption was made that the (1 1 1 1 

4(6)/6)-pattern of the presentation of category items across the lists would lead 

the memory task to require the supervisory control processes at retrieval, 

particularly the verification processes, which were expected to be impaired by
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the secondary task. It was suggested that the verification failure of the 

supervisory control would be observed in the intrusion errors made by the 

subjects. However, this suggestion was not supported by the results of the two 

experiments which showed that the intrusion errors were very low for all of the 

conditions. This again calls into question the theoretical assumptions made in the 

Introduction about the retrieval processes of the present memory task. It was 

hypothesized that there would be a competition between the single category 

items presented in the previous lists and the group of the same category items 

in the to-be-remembered list. The results suggest that this did not happen 

because not only were there no significant intrusion errors in the dual task 

conditions comparing to the control but also, as stated earlier, the secondary 

task did not influence the number of words recalled in the retrieval interference 

condition. If the suggested supervisory control processes (verification) were to 

operate at retrieval, they would be expected to reduce the system capacity for 

they would demand more resources. Therefore, an alternative theoretical 

assumption will be made here as to the processes that operate at the retrieval of 

the categorized lists presented in the ( 1 1 1 1  4(6)/6)-pattern: it might be argued 

that, unlike the group of the same category items presented in one list, the 

single category items presented across the lists were not encoded as belonging 

to the category. Consequently, when subjects used the category names as 

retrieval cues in performing the task, the category names presumably triggered 

only the recently learned items, the group of the same category items, in the to- 

be-remembered-list. That is the single category items in the previous lists did not 

come to mind at all (they were not triggered by the category labels) at retrieval; 

there was no competition between the conceptually related items between the 

lists, therefore, no need for the supervisory control processes (verification 

processes). This would follow if a strict encoding specificity principle (Tulving,
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1983) operated between category labels and category items. Presumably in lists 

where only one item occurs its category label is not elicited.

A last point is that the two experiments reported in this chapter employed 

different secondary tasks with the assumption that the card sorting task used in 

Experiment 1 and the four choice response task in Experiment 2 are essentially 

similar tasks for they both require manual responses to four random stimuli. This 

assumption gained support with the consistent pattern of results obtained in the 

two experiments.

In summary, the consistent results of the two experiments suggest that at least 

in the present particular experimental designs using lists with two categories, 

the supervisory system involvement at the retrieval of categorized lists was 

small. It is hypothesized that the role of the supervisory systems at the retrieval 

of the categorized list recall task is largely restricted to the search/generation of 

category names rather than search for category items, this hypothesis will be 

explored further in the next experiment. The other issue that the present chapter 

addressed was to examine the verification failure of supervisory control. 

However, the results did not exhibit an increase in intrusion errors as a function 

of the secondary task effect, thus, the two experiments failed to demonstrate 

such interference with verification processes. This issue will be taken up and 

addressed later in the thesis.
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CHAPTER FOUR

Experiment 3: Supervisory functioning in the Retrieval of Categorized Lists 
Revisited
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4.1 Introduction

Experiment 1 and Experiment 2 both failed to show an effect on recall of 

categorized lists. Consequently, in the conclusion of Chapter 3 it was 

hypothesized that at retrieval supervisory systems only come into play at the 

type of mental operations that involve search/generation of category names as 

retrieval cues and since both in Experiment 1 and Experiment 2 each list 

contained items from only two categories, supervisory system involvement at 

retrieval was likely to be relatively small. Experiment 3 aimed to test this 

hypothesis. As stated in the previous chapter the dual task studies which used 

different number of categories give some support to this hypothesis. For 

example. Park et al's (1989) study in which experimental lists contained items 

from six categories showed a secondary task effect on recall while Johnston et 

al's (1972) study employing lists with three categories showed no effect on 

recall. However, the employment of the different number of categories was not 

the only difference between these studies. For instance, the two studies also 

employed different secondary tasks; Park et al used a number monitoring task 

which required response to odd numbers and Johnston et al employed a task 

which required subjects to respond to a light in a certain intensity, as discussed 

in Section 1.9.3. where dual task studies were reviewed. These two secondary 

tasks were both monitoring tasks requiring selective response to particular 

stimuli but they had their differences. An important difference was that the light 

detection task was visual whereas the digit detection task was an auditory task. 

There are other differences between the Park et al and Johnston et al studies 

such as list size (the number of words employed per list) but this comparison of 

the secondary tasks on its own demonstrates that there are number of factors 

which could have been responsible for the contradictory results that one study
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showed an effect on recall while the other did not. The categorical structure of 

the lists (the number of categories) is only one such factor.

In the context of organizational theory or clustering, researchers have explored 

the subject of the categorical structure of lists (the number of categories per list 

and items per category) (Shuell, 1969). For example, Puff et al (1977) employed 

lists with different number of categories (lists with four categories of twelve 

items each and lists with twelve categories of four items each). The main 

objective of their experiment was to investigate the extent to which subjects 

showing relatively high amounts of categorical clustering recalled more words 

than subjects showing relatively low amounts of clustering. Nevertheless, the 

Puff et al study showed that the four category lists and the twelve category lists 

were both recalled equally well. This indicates that free recall is not affected by 

the number of categories used. However, it is not clear from the data available in 

the literature whether or not recall is facilitated when the number of categories is 

increased. For example, in the Puff et al (1977) study, the number of items per 

category varied along with the number of categories. As Shuell (1969) pointed 

out, there are three interdependent factors that influence the results of such 

studies. (1) the number of categories (2) category size (the number of items per 

category) and (3) list size. When constructing categorized lists for a study, if the 

list size/length is held constant then the number of words per category must 

decrease as the number of categories is increased or vice versa. If the category 

size held constant then the length of the lists must vary with the varying number 

of categories. Therefore, it seems difficult to isolate the effect of one factor.

Zimmer (1991) explored the effect of category size on recall. The study 

employed categorized lists in each of which categories were represented by
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different number of instances (2, 4, and 8). Each category appeared at each 

category size across the lists Zimmer (1991) examined the number of items 

recalled per category and found that free recall of the lists were influenced by 

the category size although this effect was weak. Only the difference between 

the category size 2 and 8 was significant. In this study the subjects were also 

given a recognition test in which items in the categorized lists were mixed with 

new items and presented on a computer for an old/new decision. The results of 

this test showed that recognition was not affected by category size. This finding 

that category size influenced the free recall only but not recognition supported 

the assumption that recognition involves a direct matching operation (Zimmer, 

1991) whereas recall involves search processes as well as decision or 

recognition processes (Eysenck and Keane, 1996).

The type of cognitive processes that would operate during the recall of 

categorized lists were discussed in the previous chapters. It was pointed out 

before in Chapter 2 and Chapter 3 that the recall of categorized lists would 

require two types of mental operation: a search for category name and then 

activation of items by the category name cues. In view of this assumption it was 

hypothesized that if the number of categories in a list is increased then the recall 

task would be demanding with respect to the first type of mental operations, 

that is the search of category names, more than the recall of lists with fewer 

categories would. However, as was reported above, the Puff et al (1977) study 

did not detect a difference between the recall of lists with four categories and 

that with twelve categories. This is not surprising because as was stated before 

in Chapter 3 the present thesis assumes that the first type of mental operations 

would involve supervisory functioning and that once a category name is found 

the activation of the items of that category would be rather automatic. This
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follows that in standard free recall where the supervisory processes were not 

restricted or interfered by a secondary task as was the case in the Puff et al 

study, it is likely that recall performance would not be affected by the different 

number of categories.

In addition, as the results of the two previous experiments showed, 

performance of a secondary task at the recall of lists with two categories does 

not appear to influence recall performance either. This is in line with the 

assumption that recall of lists with only two categories would demand relatively 

small amount of the supervisory process involved in the search of category 

names. Therefore, it is predicted that if the number of categories in a list is 

increased, a secondary task should influence recall of the list. As stated before in 

this chapter the present experiment aimed to test this hypothesis. The present 

experiment employs three types of lists; 2-category lists (lists with 2 categories), 

4-category lists and 6-category lists which are to be recalled in a dual task and a 

single task conditions. As Shuell (1969) declared, when the number of categories 

are varied, either category size or list size also varies. Thus, in the present 

experiment the three types of lists with different number of categories (2- 

category, 4-category and 6-category lists) have also got three different category 

sizes (12, 6, and 4, respectively).

How would the recall of lists with different category sizes be influenced by 

performance of a secondary task?. As it was expressed above, this thesis 

assumes that once a category name is found, the category name triggers its 

elements, that is the recall of the category items is rather an automatic process. 

Therefore, it can be further speculated that if the category size is increased in 

addition to the decrease in the number of categories, which will be the case in
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the present experiment, then recall of such lists would involve automatic 

processes more and be less influenced, if at all, by performance of a secondary 

task than that of lists with high number of categories and small category size. It 

has been pointed out that lists with small categories are poorly recalled and if 

category size increases recall improves (Hunt and Seta, 1984). However, Hunt 

and Seta (1984) noted that large categories are also poorly recalled in 

comparison to intermediate-sized categories. They explained this puzzling 

situation with the assumption that retrieval requires different types of 

information as a function of category size.

There are two kinds of information which are presumed to play important roles 

in memory; relational information and individual item information (Hunt and Seta,

1984). Large categories encourage relational processing and relational 

information improves the detection of categories and clustering at retrieval. 

Category access assures access to category items and as some cued recall 

studies showed, category names (superordinate cues) facilitates the recall of 

category instances (Watkins and Gardiner, 1982). However, as pointed out by 

Hunt and Seta (1984) poor recall of large categories indicates that there seems 

to be a limit for the beneficial effect of the list structure. Hunt and Seta argued 

that, with the increase in category size, recall of particular instances requires 

information more specific than relational information. The authors concluded that 

both individual information and relational information are necessary for a high 

level of recall of categorized lists.

Although the results of the studies mentioned in the above paragraphs (e.g. 

Zimmer, 1991) suggest that category size influences recall, this influence seems 

to be detected if a relatively small category size such as category size 2 is
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compared with very large category sizes. For instance, in two experiments of 

Hunt and Seta (1984) category size ranged from 2 to 24. Especially in their 

second experiment they employed category sizes 2, 16 and 24. In the study 

each list contained three categories each of which was represented by a 

different number of category instances presented in random order. The results 

of this experiment showed that the recall of the 24- and 16-item categories did 

not differ from each other but they differed from the recall of the 2-item 

category. In another study the range of category size employed by Zimmer 

(1991) was not so big, it ranged between 2 and 8 but they reported that the 

effect of category size on recall was due to the 2-examplar category condition. 

Thus, it appears that the category size effect on recall can be kept minimum if 

the range of category size employed is held relatively small and does not include 

the category size 2. This conclusion is useful for the studies that are not 

interested in the factor category size but in the variation of the number of
C"ââcê Ac.è

categories as it is the case in the present study which eenoerns with secondary 

task effect on the recall of different number of categories (2, 4, and 6). The 

categories employed by the present study are not too small or large; the 

category sizes were 4, 6 and 12.

It was also thought that if category size is high this may encourage subjects to 

guess rather than recall the items. This follows that in the present experimental 

design subjects may largely guess during recall of the 2-category lists with 12 

items per category because they can be under the impression that a 

considerable amount of elements of the categories were present in the list to 

be-recalled but guessing should not be an appropriate strategy to use during the 

recall of 4-category lists with 6 items per category or 6-category lists with 4 

items per category. Thus, if the present results do show a secondary task effect
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on recall of 4- and 6-category lists but not on recall of 2-category lists, then one 

can argue that this is not due to the variation of the number of categories along 

the lists but due to large category size, the category size 12, leading to guessing 

behaviour in the 2-category list condition. Although the category size 12 is not as 

large as some of the category sizes used by some other researchers such as the 

category size 24 of Hunt and Seta (1984), still this possibility that large category 

size prompts guessing cannot be ignored. Thus, the present thesis examined 

this matter. It is commonsense to think that some object categories such as 

colour names have got a relatively small number of members when compared to 

others (e.g. female names). So all the categories employed by the present 

experiment were divided into two groups according to their relative category 

sizes in nature which were established according to Battig and Montague (1969) 

category norm table. The number of members with a total frequency of 10 or 

more was taken as the size of a category. The two groups were (1) very large 

categories and (2) relatively small categories. More information about these two 

groups is given in the materials and procedure section below.

It is hypothesized that, if the assumption that large category size produces 

guessing behaviour in subjects is correct then, in the present study, the category 

size 12 is more likely to produce guessing if 12 instances were drawn from a 

category which is small in nature than a category large in nature. This is because 

if a category has a relatively small number of elements in nature (according to 

the Battig and Montague (1969) category norms) then subjects are likely to get 

the impression that a considerable number of elements of the category was 

presented to them and they are likely to get it right if they guess. For this reason, 

each of the lists used in the present experiment had half of its categories drawn 

from the categories which are small in nature and the other half from the
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relatively large categories. So if a list was a 6-category list it had 4 items from

each of 3 relatively small categories and 4 from each of 3 relatively large

categories. If it was a 2-category list, it had 12 items from one from each group.
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4.2 Method 

Subject

24 students (10 males and 14 females) participated in the study. They were 

undergraduate students, aged between 19 to 32, and were paid for their 

contributions.

Design

The study used a mixed design with one between and one within subject 

variables. The between subject variable consisted of two different secondary 

task conditions (a control group and a retrieval interference group). The within 

subject variable was List type. There were three types of lists which were 

recalled in either full or divided attentional conditions: (1) lists contained items 

from two categories which will be referred as 2-category lists, (2) lists with items
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from four categories (4-category lists), and ones with items from six categories 

(6-category lists).

Materials and Procedure

36 categories were used, most of which were selected from the Battig and 

Montague (1969) category norms; two categories (British towns and pop groups) 

being created by the experimenter. As It is likely that some categories are more 

memorable than others, and as this experiment is set up to compare recall 

performance of lists with different number of categories, the allocation of the 

categories across the 3 types of lists (2-category, 4-category and 6-category lists) 

was counterbalanced in a way that, for example, each category used in a 2- 

category list was also used in a 4 category list and a 6-category list. Therefore, 6 

different sets of lists were constructed. Each subject was assigned to one of the 

6 sets and each set of lists was studied by an equal number of control subjects 

and the experimental subjects in the divided attention condition.

The structure of the lists is illustrated in Figure 4.1. The letters such as A, B refer 

to different category names. As it can be seen in the figure, in Set 1 any two 

categories such as A and B were used in a 2-category list which contained 12 

items per category (illustrated as 12A, 12B). Then, 6 items from each of these 

two categories (6A, 6B) were used in a 4-category list in Set 2 and the remaining 

6 items out of 12 per category (6A, 6B) were used in Set 3. In addition, 12 items 

of each category were divided into 3 (4A, 4B) and used in 6-category lists in the 

sets 4, 5 and 6.
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Figure 4.1 The structure of the word lists

sets 2-category list 4-category list 6-category list

Set 1 12 A, 12B 6C, 6D, 6E, 6F 4G, 4H, 41, 4J, 4K, 4L
Set 2 12C, 12D 6A, 6B, 6E, 6F 4G, 4H, 41, 4J, 4K, 4L
Set 3 12E, 12F 6A, 6B, 6C, 6D 4G, 4H, 41, 4J, 4K, 4L
Set 4 12G, 12H 61, 6J, 6K, 6L 4A, 4B, 4C, 4D, 4E, 4F
Set 5 121, 12J 6G, 6H, 6K, 6L 4A, 4B, 4C, 4D, 4E, 4F
Set 6 12K, 12L 6G, 6H, 61, 6J 4A, 4B, 4C, 4D, 4E, 4F

Figure 4.1 shows the first 3 lists of each set. There were 6 more lists for each 

set, structured in the same way. Thus, each subject studied altogether 9 lists 

(see the lists in Appendix III). The 9 lists were learned in 3 trials, 3 lists per trial. 

On each trial a subject learned and recalled one 2-category list, one 4-category 

list and one 6 category list. The order of the lists was arranged in a Latin Square 

order. So, if a subject learned a 2-category list (2CL), a 4-category list (4CL) and a 

6-category list (6CL) in this order on Trial 1, on Trial 2 s/he learned first a 4CL 

which was followed by a 6CL and then a 2CL. For the next trial the order was 

6CL, 2CL and 4CL. Between the trials a subject was given a short break to 

prevent a fatigue effect. In this interval, the subjects were asked to relax for 45 

seconds which was timed by the experimenter. The list words were tape 

recorded at a rate of 2 sec per item. The order of items in a list was random in a 

way that not more than two items from the same category were allowed to 

follow each other. In addition, it was thought that 2-category lists and 4-category 

lists would encourage more clustering than 6-category lists as it is more likely to 

get same category items closer to each other in a 2 or 4 category list, while 4 

items of each category in a 6-category list might be scattered far from each other 

across a list which was 24 item long. Therefore, for the 6-category lists, items 

from 3 categories were mixed randomly for the first half of a list and the 

remaining 3 categories were mixed for the second half.
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As stated in the Introduction, in order to examine if large category size produces 

guessing behaviour in subjects, all of the categories were roughly divided into 

two groups: (1) the categories small in nature which have 35 members or less 

each with a frequency of 10 or more, and (2) the relatively large categories which 

have more than 35 members with a frequency of 10 or more according to the 

Battig and Montague category norms (1969). The two categories created by the 

experimenter (British towns and pop groups) were classified as the categories 

with more than 35 elements. Apart from the experimenter, one other person (a 

research student) agreed on the classification of the categories into the two 

groups according to the size of their members. Each experimental list whether it 

was a 2-category, a 4-category or a 6 category list had one half of its categories 

from the group with more than 35 members and the other half from the group 

with 35 or less members.

The subjects were tested individually in a room. They were given written 

instructions. As in Experiment 1 and Experiment 2, after each word list was 

presented, a sequence of 15-random-numbers (2 digit numbers between 10-99) 

followed and the subjects repeated the numbers as they heard them. This was 

done in order to diminish the influence of the recall of primary memory 

representations on the recall-performance of the subjects. The beginning and the 

end of each block were marked with a sound. Immediately after the 15 random 

numbers, the subjects were given 45s to recall a list and this was recorded.

24 subjects were divided into two groups. 12 control subjects performed the 

primary task (free recall of categorized lists) only. The subjects in the 

experimental group performed the 4-choice response task used in Experiment 2
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during the retrieval stage of the primary task. These subjects were asked to give 

equal importance to both the primary and the secondary tasks.

The results were examined for the followings: (1) correct word recall: the 

number of words recalled from a to-be-remembered list and (2) categorical 

clustering. In addition, the number of categories recalled and the number of 

items recalled per list by the groups as a function of the list type conditions were 

examined. Moreover, correct responses and errors on the secondary task were 

assessed.

4.3 Results

Correct-word-recall

The mean number of items recalled and the corresponding standard deviations 

for the two groups (the control and the retrieval interference groups) are given in 

Table 4.1. A 2(Groups/Secondary task conditions)x3(List types/2-category, 4- 

category, and 6 category lists) MAN OVA was applied to the data. The analysis 

showed significant main effects of the groups [F(1, 22)= 8.60, p<.01] and three 

list types (the number of different category effect; 2-category, 4-category, and 6 

category lists) [F(2, 44)=6.94, p <.01 ]. There was also a significant GroupsxList 

type interaction [F(2,44)=5.34, p<.01]. In order to further examine the 

assumption that the secondary task interference with recall of categorized lists 

depends on the number of categories that a list has, the tests of simple effects 

were carried out. These analyses revealed that, as expected, there was no 

significant secondary task effect on recall of 2-category lists [F(1,37)=1.43, p> 

.05] but there was a significant secondary task effect on recall of 4-category lists
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[F(1,37)=5.85, p <.05] and on 6-category lists [F(1,37)=16.06, p <.01 ].

TABLE 4.1 Mean number of words recalled and corresponding standard 
deviations as a function of the secondary task load

Retrieval Interference 
Group 

M SD
Control

M
Group
SD

CORRECT-WORD-
2-category

■RECALL
list 10.28 1. 95 11.45 1.71

4-category list 9.28 2. 82 11. 64 3.08
6-category list 7.39 2. 64 11.30 1.77

As it was described in the section of materials and procedure, the categories 

used in this experiment were also divided into two groups according to the 

number of elements that they have listed in the Battig and Montague (1969) 

category norms tables (with the exception of the two categories created by the 

experimenter). A MAN OVA was carried out in order to compare the number of 

items recalled from the categories with relatively high number of elements with 

that from those with relatively few elements across the three types of lists. The 

analysis showed that there was no main effect of the relative-number-of- 

elements that a particular category has in nature on recall performance 

[F(1,22)=3.27, p>.05]. No significant groupsxrelative-number-of-elements

interaction or list typexrelative-number-of-elements interaction was found 

[F(1,22)=.43, p>.05; F(2,44)=1.66, p>.05 respectively]. So it appears that neither 

the presence of a secondary task nor an increase in the number of categories in 

a list (it should be noted that with the increase in the number of different 

categories in a list there was a decrease in the number of items per category) 

made any difference to the amount recalled from the categories with relatively 

high number of elements in comparison to the amount recalled from the 

categories with relatively few elements.
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Categorical clustering

A correction was made for differences in the absolute number of items recalled 

by using Modified Ratio of Repetition (MRR) (Murphy & Puff, 1982). MRR was 

chosen because the lists used in this study had different number of categories 

(2, 4, or 6) and MRR takes into account the number of different categories 

represented in recall protocols (Murphy & Puff, 1982). The MRR scores are 

depicted in Table 4.2. A 2(Groups/Secondary task conditions)x3(List types/2- 

category, 4-category, and 6 category lists) MAN OVA revealed no significant main 

effect of the groups [F(1, 22)= 2.04, p>.05] or the list types (2-category, 4- 

category, 6 category lists) [F(2, 44)=2.28, p >.05].

TABLE 4.2 MRR scores representing clustering and corresponding 
standard deviations as a Function of the secondary task load

Retrieval Interference Control Group
Group

M SD M SD

CATEGORICAL CLUSTERING
2-category list 0.76 0. 09 0.88 0.07
4-category list 0.75 0.16 0.77 0. 13
5-category list 0.76 0.14 0.78 0.11

The number of categories and the number of items per category recalled

The mean number and the mean percentage of categories recalled per list by the 

control and the experimental groups as a function of the three list type 

conditions are given in Table 4.3. A 2(groups) x 3(number of categories) 

MAN OVA showed that there was a significant difference between the two 

groups in the number of categories they recalled (F(1,22)=15.35, p <.001 )and the
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main effect of the factor number of categories was also significant 

(F(2,44)=122.58, p <.01 ). There was a significant interaction between the groups 

and the factor number of categories (F(2,44)=13.75, p <.001). Further, the tests 

of simple effects were carried out which showed that in the 2 category list 

condition there was no difference between the control group and the 

experimental group (F(1,59)=.001, p >.05) but the experimental subjects recalled 

fewer categories than the control subjects in the 4-category and 6-category 

conditions [F(1,59)=4.23, p <.05; F(1,59)=38.63, p <.01, respectively].

TABLE 4.3 The mean number {%) of categories recalled and the number 
of items recalled per category by the groups as a function of the 
three list type conditions

Retrieval Interference 
Group 

Mean (%)
Control

Mean
Group

(%)
Number of Categories

2-category 1. 97 (98.62) 1.97 (98.62)
4-category 3.26 (81.97) 3.72 (93.10)
6-category 3.30 (55.09) 4 . 69 (78.28)

Number of Items per category
Category size 12 5.22 (43.49) 5.82 (48.52)
Category size 6 2.84 (47.31) 3.13 (52.19)
Category size 4 2.24 (56.10) 2.41 (60.21)

The mean number and the mean percentage of items recalled per category by 

the control and the experimental groups as a function of the three list type 

conditions are given in Table 4.3. A 2(groups) x 3(category size/number of items 

per category) MANOVA showed that the control subjects and the experimental 

subjects were both able to recall similar number of items per category 

(F(1,22)=3.52, p >.05) but the main effect of the factor category size was 

significant (F(2,44)=297.07, p <.001 ). No GroupsxCategory size interaction was 

found (F(2,44)=1.34, p>.05).
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Performance of the secondary task was also examined. The 12 subjects in the 

retrieval interference group exhibited a mean number of 28.5 correct responses 

at the recall of 2-categoi'y lists, 29.27 at the recall of 4-category lists and 30.14 at 

the recall of 6-category lists. A 3(List types/2-category, 4-category, and 6- 

category lists) MANOVA for repeated measures showed that the subjects 

produced similar amount of correct responses during the recall of the three 

types of lists with different number of categories [F(2, 22)= 2.41, p >.05]. The 

errors on the secondary task were also examined. The subjects produced an 

average of 2.78 errors at 2-category list recall, 2.36 at 4-category list recall and 

2.14 at 6-category list recall. A 3{List types/2-category, 4-category, and 6- 

category lists) MANOVA for repeated measures showed that similar amount of 

errors were produced during the recall of 2, 4 and 6 category lists [F{2,22)=.56, p 

>.05].

4.4 Discussion

The present experiment was conducted because of a number of considerations 

concerning the recall of categorized lists. Studies in the literature produce 

contradictory results with respect to the retrieval of categorized lists. Some 

studies showed that free-recall of categorized lists was interferecrby a secondary 

task. On the other hand, there are studies including the two previous 

experiments reported in this thesis which did not show a secondary effect on 

recall of categorized lists. After a methodological assessment of the categorized 

list recall studies, the present thesis aimed to answer the following question: Is 

there a possible link between the secondary task effect on recall and the number 

of categories employed by a categorized list recall study?. This question is an 

empirical one; theoretical aspects of this question will be discussed later. From
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soMt io f fo r ' l ' f o r
the empirical point of view, the present results eleorly support the idea of a link 

between the number of categories that a list contained and the secondary task 

interference with the recall of the list. The present study showed that there was 

an interaction between the three types of lists (2-category, 4-category and 6- 

category lists) and the dual task conditions. The secondary task did not interfere 

with the recall of 2-category lists as was the case in the previous two

experiments which also used lists with two categories. However, The present
sUûuiei  ̂secô/iêâriAhsk.

results exhibited a door effect on recall of lists with four categories and six

categories.

As for the theoretical implications of the present results, the type of cognitive 

processes that operate in free-recall of categorized lists have been discussed in 

Chapter 2 and briefly mentioned in the introduction of this chapter. As pointed 

out in Chapter 2, general retrieval models such as Norman and Bobrow's (1979) 

model or Tulving's (1984) model suggest that when retrieval cues are not 

available at the time of recall, the retrieval cues have to be produced by subjects 

and this involves processes such as retrieval description/specification. In the 

case of recall of categorized lists the retrieval specification processes may 

include recall of semantic knowledge about object categories. Retrieval 

specification processes are found to be effortful and are characterized as 

supervisory/higher level operations (Shallice, 1988; Burgess and Shallice, 1996). 

On the other hand, several authors (e.g. Wingfield and Byrnes, 1981) suggested 

that once a category name is generated, the category cue seems to facilitate the 

recall of the category members in an associative fashion. This fits with the recall 

of items per category being unaffected by the secondary task conditions

This assumption that free-recall of categorized lists requires two types of mental
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operations; the effortful/supervisory process of generation of category names 

and then the relatively automatic process of recall of items within a category led 

to the prediction that if one increases the weight/proportion of the first type of 

mental operations in recall by increasing the number of categories that have to 

be searched for, one would get a secondary task effect at retrieval which was 

not obtained with 2-category lists in Experiment 1 and Experiment 2. This 

prediction is supported by the present results showing an effect on the recall of 

4- and 6-category lists but not on that of 2-category lists. A striking contrast 

between the performance of the control group and the experimental group is 

that the control group recalled the three types of lists equally well, that is the 

difference between the recall requirements of the three types of lists is only 

detected under the dual task conditions. This finding is in line with the views on 

supervisory/executive functioning that this kind of higher level operations cannot 

be observed directly but only inferred from changes in behaviour (e.g. recall 

performance) as a result of some experimental manipulation that can interfere 

with components of the psychological construct (Borkowski and Burke, 1996).

Another finding of the present study is that the number of different categories 

recalled decreased in the 4- and 6-category conditions with the presence of the 

secondary task. As far as the two category lists is concerned, nearly all the 

control subjects and the experimental subjects were able to recall the two 

categories of each 2-category list equally well. Thus, this finding that the 

secondary task led to the reduction in the number of categories recalled by the 

subjects in the 4- and 6-category conditions further supports the present 

theoretical position that what the secondary task interferes with is the search of 

category names, that is the ability to generate category names which requires 

supervisory system functioning. On the other hand the present results showed
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that the secondary task did not interfere with clustering which follows if once a 

category name is found the recall of category items within the category is a 

rather automatic process. Another finding was that the secondary task did not 

interact with the factor category size. The experimental group and the control 

group did not differ from each other in the number of items recalled per 

category. However, the present results, in line with the Zimmer (1991) study, 

showed that category size influences the recall in general in that when the 

category size is increased the number of items recalled per category also 

increases but in fact the mean percentage of items dropped. For example as can 

be see in Table 4.3 , the subjects were able to recall just over 5 items out of 12 

that is less than half percent of the items in the category size 12 condition. In 

contrast they recalled just under 3 items out of 4, that is more than half percent 

of the items in the category size 4 condition.

Is there any other possible interpretation of the present finding that the 

secondary task interfered with the recall if 4- and 6-category lists but not with 

the recall of 2-category lists?. As it was pointed out in the Introduction, one 

possible argument was that 2-category lists due to their large category size 

(category size 12) prompt guessing behaviour in subjects. This is to argue that 

the category size of a list, not the number of categories, is the factor leading to 

the difference between the recall of 2-category lists and that of 4- or 6-category 

lists. As described in the Introduction, in order to examine this possibility that 

guessing might occur in the 12-category-size-condition, the experimental lists 

were structured in a way that each list whether it was a 2-category list, a 4- 

category list or a 6-category list had one half of its categories from the categories 

small in nature (e.g. colour names) and the other half from the categories large in 

nature (e.g. Female names) according to Battig and Montague (1969) norms. It
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was speculated that if 12-category-size does not lead to guessing then the 

categories that have a relatively small number of members in nature would be 

recalled better in the 12-category-size condition than the categories large in 

nature would be and no difference would be expected between the small- 

category recall and the large-category recall in the other conditions (the 4- 

category or 6-category-size conditions). The present results concerning the 

examination of this argument showed that a relative number of members that a 

category has in nature (according to Battig and Montague (1969) norms) has no 

effect on recall performance across the three conditions with three types of lists.

A last point should be made with regard to the use of dual task methodology in 

investigating the nature of cognitive processes that operate in memory tasks. In 

Section 1.9.2 in Chapter 1 shortcomings of dual task methodology were 

discussed. It has been suggested that dual task results just show a drop in 

performance and this does not tell much about the nature of cognitive 

operations required by a task. In Section 1.9.2. in Chapter 1 it was concluded 

that despite its shortcomings when used in an appropriate way in well-design 

experiments the dual task paradigm can be a very useful method to use in 

attempts to manipulate and understand specifically the higher level functions of 

normal memory systems. The present experiment seems to be a good example 

of such experimental designs in that it manipulated the list structure (number of 

categories) along with the dual/single task manipulation and drew inferences 

from interactive effects of these manipulations on recall performance.
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CHAPTER FIVE

Experiment 4: Supervisory System Functioning at the Retrieval of an A-B,A-C 
List Differentiation Task
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5.1 Introduction

As was stated in the literature review in Chapter 1, cognitive psychologists have 

discussed the concept of the supervisory system and its functions from different 

theoretical positions and in different terms. Despite the difference in opinions 

there are several elements that are commonly associated with supervisory 

system functioning. Monitoring, verification, decision making are such common 

elements associated with the functions of the higher level control system 

(Shallice, 1988; Schacter, 1989; Burgess and Shallice, 1996; Esiinger, 1996).

Kintsch (1970) argued that one can observe the working of the 

verification/decision mechanism in situations where errors occur. Kintsch (1970) 

also argued that there is a kind of retrieval system that is so efficient that it only 

retrieves appropriate words. This concept of the efficient retrieval system is 

consistent with the idea of supervisory systems which control and monitor 

memory processes at retrieval and prevent overt responses of wrong words. As 

-it'was given in some details-in Chapter 1, verification function and verification 

failure of supervisory systems at retrieval was discussed with Norman and 

Bobrow's (1979) retrieval model (Shallice 1988; Burgess and Shallice, 1996). It 

was suggested that supervisory systems come into play at two different stages 

of retrieval, one in the forming of description and verification criteria in the target 

specification stage of the Norman & Bobrow retrieval model, the other in the 

processes of verifying some competing items in the evaluation stage. If one 

assumes that subjects do not make strategic adjustments to their output then 

there would be an observable difference between these two stages of retrieval. 

This would be that an interference with the first set of processes would impair 

the number of the correct words recalled by limiting the number of items
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retrieved from the memory store, whereas interference with the second (the 

evaluation/verification stage) would lead to an increase in the intrusion errors. 

Thus, this efficient supervisory system functioning should be impaired so that 

the working of verification mechanism can be observed in the increase of errors.

In experiments 1 and 2 reported in Chapter 3, the first attempt was made to 

demonstrate the interference with verification processes by using a categorized 

list recall task with (1111 4/6)-pattern. However, as discussed in Chapter 3, this 

attempt has failed. The results of Experiment 1 and Experiment 2 in Chapter 3 

indicated that some memory tasks require no or little verification processes 

which are not picked up by experimental manipulations. An example of such 

tasks, according to Kintsch (1970), would be a task that would require 

differentiation of items belonging to different categories. Kintsch argued that 

such situation as this where alternative lists or items can be easily distinguished 

through class recognition, subjects rarely give a response as an intrusion error. 

Thus, the researchers who want to create experimental conditions that would 

produce errors should employ a task that requires differentiation of the same 

category items.

The present experiment will make a second attempt to demonstrate a 

secondary task interference with supervisory verification processes and for this 

employed a list differentiation task with A-B A-C design. The A-B, A-C paradigm 

was discussed in some detail in Chapter 2. As it can be seen in Chapter 2 early 

theories were concerned with simple notions such as competition among 

associations or unlearning of associations which were not sufficient to account 

for the data obtained in paired associate studies. Later psychologists have 

pointed out that more complex mechanisms should be operating in recall of A-B,
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A-C lists. Bower (1972) argued that subjects often retrieve alternative-wrong- 

items during the recall of A-B, A-C lists and that they use list-context-cues to 

verify and reject the wrong items. However, this view is just a speculation 

without any experimental support. In addition, it seems difficult to empirically 

support Bower's claim because an experimenter cannot observe subjects 

rejecting wrong items, he usually has to rely on the subjects' introspective 

statements. Nevertheless, as pointed out in the above paragraphs, the working 

of verification processes rather failure of them can be observed in intrusion 

errors (Kintsch, 1970).

However, several authors pointed out that, in general, intrusion errors are quite 

rare in recall of A-B, A-C lists (Wingfield and Byrnes, 1981). This can be attributed 

to the assumption that verification processes are supervisory, they are not 

automatic processes; so when they work properly, errors do not occur. This 

constitutes a problem for the researchers who want to demonstrate the working 

of verification processes because errors appear to be the only means of 

observing the working of verification processes. Thus there is a need to use a 

methodology by which the supervisory verification processes can be interfered 

so that errors can be observed. Dual task paradigms seem to be an appropriate 

method to use under these circumstances.

A more elaborate idea concerning the processes that operate in recall of A-B, A- 

C lists was proposed by Arkes & Lyons (1976). They suggested that the retrieval 

of A-B, A-C lists relies on the A-B-C dependence. This view implied that the B 

items are recalled through use of the A item-cues in cued associations, while the 

C items are recalled through the B items, because the C items are learned in 

relation to B at encoding. This suggests that the retrieval of C is more
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effortful/supervisory than B because subjects have to retrieve B in order to 

access C (the B-C dependence principle). In view of the above discussion 

concerning Arkes & Lyons's position, it is predicted that there would be a more 

intense interference with the recall of C than B if a secondary task is performed 

at retrieval of A-B, A-C lists. This is because Arkes & Lyons (1976) suggest that C 

items are recalled through B items whereas B items are prompted by A cues. 

Moreover, Arkes & Lyons suggested that there is a forward B-C association and 

not a backward one like C-B; therefore their position would also predict that 

there should be more intrusions of B at the C-item-recall than that of C at the B- 

item-recall.

In the present study, subjects learned two alternative paired associate lists on a 

study-trial under full or divided attention conditions. Each list contained paired 

words from 15 different categories and each pair consisted of a category-name 

as the first word of a pair (A), and a category instance (B or C) which was 

differentiating the two alternative lists (A-B, A-C lists). Each study session was 

followed by cued-recall in which subjects were given the category-names (A 

items) and asked to recall category-instances either from the first list (B) or from 

the second list (C). There was no immediate testing of the first list items (the B 

items) before the A-C list learning. As a secondary task, the card sorting task 

used in Experiment 1 was employed. After the 6 study-test-trials with 6 sets of 

A-B, A-C lists, delayed recall was assessed to see whether or not the secondary 

task effect on retrieval would remain the same. As the memory strength theory 

suggested, if the memory strengths of items decay with the passage of time 

(Hinrichs, 1970), then the differentiation of B from C by a time reference 

(judgment of recency) should be more difficult in the delayed recall condition. In 

addition, Moscovitch (1992ab) suggested that the delayed recall would require
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the involvement of the higher order system, possibly because after a delay it is 

difficult to access to an item and, therefore, strategic approaches to retrieval 

become essential.

5.2 Method

Subjects

16 undergraduate students {8 females and 8 males) at University of London 

participated in the study and they were aged 19 and 27 and paid for their 

contributions.

Design

The design was a mixed design with one between and two within subject 

variables. The between subject variable consisted of two different secondary 

task conditions (a control group and retrieval interference group). The two within 

subject variables were: the recall type (immediate and delayed recalls) and the 

list type (the first lists: A-B lists and the second lists: A-C lists).

Materials and procedure

Subjects were individually tested in a quiet room. They were given written 

instructions describing the task. There were 12 trials. On each of the first 6 

study-test-trials the subjects learned 2 lists and then immediately recalled one of 

them; the last 6 trials were for delayed recall. Each list contained 15 paired- 

words from 15 categories, e.g. TOOL-pliers (See the lists in Appendix IV). The
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two lists in each trial, had the same 15 categories but different category-items. 

So if the first list of the two had "TOOL-pliers", then the second list had "TOOL- 

drill". Altogether 90 categories were used, most of which were taken from the 

Battig & Montague category norms (1969) but some were created by the 

experimenter. Two instances (B and C) selected from each category to construct 

two alternative lists (A-B and A-C lists) were matched in frequency. Each study 

trial was followed with a recall part in which the subjects were asked to recall 

either the first list or the second list. This was a cued recall, so the subjects were 

given the first word, that is the category name (as an example, "TOOL"), which 

was the same for both lists and asked to respond to the category name with the 

relevant item. Taking the example above, if a subject was recalling the first list 

s/he was expected to respond to the prompt, "TOOL", (A) with "pliers" (B); if s/he 

was recalling the second list, s/he was expected to say "drill" (C).

After the first 6 trials involving immediate recall were completed, the subjects 

were told that they were going to recall one list from each of the 6 trials again. 

These were the delayed recall trials; thus the subjects did not listen to the lists 

again. The subjects were not told whether or not they were to recall the same 

list that they had recalled in the immediate recall condition. But in fact they were 

asked to recall the alternative lists that had not been recalled in the immediate 

recall. That is if a subject had been asked to recall, say, the first list (an A-B list) 

on the first trial, in the delayed recall, this subject was asked to recall the second 

list (an A-C list). All the subjects recalled 3 A-B lists and 3 A-C lists in the 

immediate recall session and in the delayed session.

The word-lists and the prompts for the cued-recall were tape-recorded at a rate 

of 3 sec per item. The order of the 15 categorical items in the first lists were
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jumbled up for the second lists and for the retrieval prompts. The experimental 

group performed a card sorting task at the retrieval stage of the A-B A-C list 

differentiation task. They sorted the cards into its 4 suits (clubs, diamonds, 

hearts, and spades) at a rate of one card per 1.5s, timed with a metronome. 

Subjects were asked to place about equal emphasis on each task and the 

subjects' card sorting rates were observed by the experimenter through out the 

experiment. They were given a practice session to adjust their card-sorting 

speed to the required rate of 1.5 second per card. If they fell behind the 1.5 

second rate, the experimenter circled her hand in the air or pointed the 

metronome indicating that they have to speed up and the subjects were also 

reminded in between trials that they should not fall behind the rate.

The results were examined for the followings: (1) correct-word-recall: the 

number of words recalled from a to-be-remembered list; (2) inter-list-intrusions: 

the number of words recalled from the alternative-wrong-list; and (3) extra-1 ist- 

intrusions: the number of words which were not in any list, they were invented 

by the subjects at recall. Errors on the secondary task were also examined.

5.3 Results

Correct-word-recall

The mean number of the B items (the first list) and the C items (the second list) 

recalled as a function of the secondary task (the control and the experimental 

groups) and the corresponding standard deviations are given in Table 5.1. The 

correct-word-recall was examined in a 2(Groups/secondary task 

conditions)x2(List/A-B, A-C)x2(lmmediate-Delayed recall) MANOVA. This analysis
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showed a significant main effect of the secondary task [F(1,14)= 5.88, p<.05]. 

There was also a significant main effect of list (A-B, A-C) and that of the 

immediate-delayed recall [F(1,14)=9.48, p<.01; F(1,14)=52.01, p<.001

respectively]. There was no significant interaction between the variables [the 

secondary taskxList interaction: F(1,14)=3.19, p>.05; the secondary taskxthe 

immediate-delayed recall interaction: .13, p>.05j. It was assumed that the no

interaction results are likely to imply that the recall of B items was possibly 

superior than that of C items across all the conditions. So, in order to test the 

hypothesis that recall of C items is more demanding than that of B items, the 

tests of simple effects were carried out. On the immediate recall, there was a 

significant secondary task effect on the A-C list recall [F(1,21)=5.67, p<.05] but 

on the A-B list recall there was no significant difference between the 

experimental and the control groups [F(1,21)=1.08, p>.05]. On the delayed recall, 

the simple effect analysis showed similar results. There was again no significant 

secondary task effect on the A-B list recall [F(1,28)=1.4, p>.05], but there was on 

the A-C list [F(1,28))= 8.97, p<.01]. These results are consistent with the 

hypothesis that the C-item-recall is more demanding than the B-item-recall.
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TABLE 5.1. Mean Performance on the A-B and A-C lists as a
function of the secondary task load

A-B list A-C list
Measures M SD M SD

IMMEDIATE RECALL
CORRECT-WORD-RECALL

Control Group 8.15 2.42 8.75 2.06
Experimental Group 7.50 2.32 5.87 2.79

INTER-LIST-INTRUSIONS
Control Group 1.13 0.73 1.00 0.59
Experimental Group 1.42 0.83 2.75 1.45

EXTRA-LIST-INTRUSIONS
Control Group 0.83 0.71 0.83 0.50
Experimental Group 1.67 1.18 1.25 0.66

DELAYED RECALL
CORRECT-WORD-RECALL

Control Group 6.71 2.68 5.59 0.35
Experimental Group 5.67 1.98 2.96 1.06

INTER-LIST-INTRUSIONS
Control Group 1.42 1.01 1.37 0.93
Experimental Group 2.25 1.19 2.92 0.96

EXTRA-LIST-INTRUSIONS
Control Group 1.25 0.92 1.50 0.96
Experimental Group 1.83 0.71 1.60 0.84

Errors

The mean number of inter-list intrusion errors, the mean number of extra-list 

intrusion errors and the corresponding standard deviations are given in Table 5.1. 

The errors were assessed by a 2(Groups/secondary task conditions)x2 (Error 

type/inter-list, extra-list intrusions)x2(List/A-B, A-C)x2(lmmediate-Delayed recall) 

MANOVA. This analysis showed that the main effects of the secondary task and 

the Error type measure were significant [F(1,14)=9.41, p<.01; F(1,14)=7, p<.05 

respectively]. There was also a significant main effect of the Immediate-delayed 

recall [F(1,14)=6.02, p<.05], but no significant effect of List (A-B, A-C lists) was 

found [F(1,14)=1.44, p>.05]. The only significant interaction was Groups/the
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secondary taskxError typexList (A-B/A-C) effect [F(1,14)=7.27, p<.05]. This 

suggested that the inter-list intrusion and extra-list intrusion errors were 

differentially affected by performance of the secondary task.

Inter-list-intrusions

A 2{Groups/Secondary task conditions)x2(List/A-B, A-C)x2(lmmediate-Delayed 

recall) MANOVA was run on the inter-list-intrusion errors. The analyses revealed 

a significant main effect of the secondary task [F(1,14)=15.80, p<.001]. The main 

effects of List (A-B, A-C) and of the immediate-delayed recall type were not 

significant [F(1,14)= 2.95, p>.05; F(1,14)=2.58, p>.05 respectively]. The 

Group/secondary taskXIntrusion-error interaction just failed to reach a significant 

level [F(1,14)=4.14, p=.061]. In order to test Arkes & Lyons's (1979) suggestion 

that B-C forward associations are used during the C-item-recall, separate tests of 

simple effects were carried out. It was predicted that if B-C forward associations 

are used at the retrieval of C items, then the secondary task interference with 

the recall of C items should lead to an increase in B intrusion error. The intrusion 

error results showed that there was a significant difference between the 

experimental and control groups on both the immediate and the delayed recalls 

of the A-C lists [F(1,27)=13.26, p<.01 and F(1,23)= 9.00, p<.01 respectively]. 

However, there was no significant effect of the secondary task on both of the 

immediate and the delayed recalls of the A-B lists [F(1,27)= 0.36, p>.05; 

F(1,23)=2.63, p>.05 respectively]. These results are compatible with the 

prediction concerning the use of B-C forward associations at A-C recall.
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Extra-1 ist-intrusions

A 2{Groups/Secondary task conditions)x2(List/A-B, A-C)x2(lmmediate-Delayed 

recall) MANOVA was run on the extra-list-intrusion errors. There were no main 

effects of the secondary task or List on the extra-list-intrusions measure 

[F(1,14)=2.10, p>.05; F(1,14)=.74, p>.05 respectively], but there was a 

significant main effect of the immediate-delayed recall type [F(1,14)=5.30, 

p<.05]. There was no significant interaction between the variables either.

Errors on the secondary task

Performance on the card sorting task was largely accurate. As the subjects 

sorted the cards in time to a metronome beating at a rate of 1.5 seconds during 

the 45 second-retrieval, they were required to sort 30 cards on a trial. Of the 30 

responses, an average of only 1.62 errors (%5.4) on the A-B lists and an average 

of 2.5 errors (%8.33) on the A-C lists occurred during immediate recall. During 

delayed recall, an average of 1.75 errors (%5.83) occurred on the A-B lists and an 

average of 2.08 errors (%6.93) on the A-C lists. A 2(Lis1/A-B, A-C)x2(lmmediate- 

Delayed recall) MANOVA revealed no significant effect of the immediate-delayed 

recall or of List (A-B vs A-C) [F(1,7)=.14, p>.05; F(1,7)=4.23, p>.05, respectively].

5.4 Discussion

The present thesis argued that recall of A-B, A-C lists requires supervisory 

verification processes. That is, rejecting or verifying that some items came to 

mind or generated are from an irrelevant list is controlled by higher level systems 

that inhibit wrong items. This idea of supervisory control is supported by the
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observations of some researchers that errors rarely occur in recall of A-B, A-C

lists (Wingfield and Byres, 1981). This led to the prediction that if supervisory

control is interfered in a dual task paradigm, errors as product of the verification

failure would be observed. This prediction gained support by the present results

which showed that significantly more inter-list-intrusion errors occurred in the

experimental group than in the control group for the A-C lists. This finding that
led

presence of the secondary task lead- to an increase in errors is important 

because, as it was seen in Chapter 3, interference to retrieval processes in a 

different task did not produce errors even though the task employed 

conceptually related words. However, the structure of the experimental lists and 

the retrieval paradigm employed by experiments 1 and 2 reported in Chapter 3 

are quite different from those used in the present experiment. The categorized 

list recall task of experiments 1 and 2 had conceptually related words distributed 

over the lists in (1 1 1 1 4/6)-pattern and required immediate free-recall of each 

list. It was argued in Chapter 3 that the particular task used in experiments 1 and 

2 does not induce the need for supervisory verification. The same secondary 

task was used both in Experiment 1 and in the present experiment but the 

presence of the secondary task at retrieval resulted in errors only when the A-B 

A-C task was employed. This supports the assumption that some memory tasks 

require very little, if any, verification processes which are not picked up by 

experimental manipulations. By verification process it is meant that the kind of 

processes that are under supervisory system control.

Some theorists may argue that automatic verification operating on the basis of 

familiarity of the items to be recalled is possible. Indeed, early competition 

theories suggested that B and C items compete with each other for recall and 

more familiar and available ones of the competing items, usually the recent
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items, are recalled better than the items learned earlier (Kinstch, 1970). This 

position would have predicted high number of errors in conditions where 

relatively unfamiliar, less available items are to be recalled. In addition, the idea of 

verification/decision that relies on automatic processes has been discussed in 

relation to recognition memory. Indeed, it has been suggested that both 

recognition and recall involve a decision making process (Kinstch, 1970; Gordon, 

1989). The generation-recognition theory emphasized that while recognition 

consists of a decision making process, recall involves a prior search process, that 

is generation of potential target items followed by a decision (Eysenck and 

Keane, 1996). It has been suggested that this decision/recognition process can 

take two different forms: one is a "know" decision which involves feeling of 

knowing based on familiarity of the items to be recognized; the other is a 

"remember" decision which involves conscious recollection of the items (Jacoby, 

1991; Eysenck and Keane, 1996). Further, it is suggested that "know" decisions 

rely on automatic processes while "remember" decisions are rather controlled 

processes (Jacoby, 1991). Thus, the latter decisions seem to be much closer to 

the idea of the supervisory verification processes than the former decision.

The results of the multiple comparisons in Experiment 4 showed that the 

secondary task interference led to a significant increase in the inter-list-intrusions 

in the C-item-recall but not in the B-item-recall. This is compatible with the 

prediction based on the Arkes & Lyons position (1979) that the B items would be 

wrongly recalled due to the interference with the subjects' usage of the B-C 

forward associations to cue C. The present results also showed that the 

secondary task led to a significant drop in the number of words correctly 

recalled. This is the natural complement of the intrusion error results. In 

addition, the decline in the correct-word-recall was restricted to the C item recall;

131



that is the significant difference between the control and the experinnentai 

groups was due to the performance of the subjects on the A-C lists, as there 

was not a significant difference between the groups on the A-B list performance. 

This is consistent with the assumption made in the Introduction based on the 

Arkes & Lyons account that the recall of C is more effortful than that of B.

Additionally the comparison between the experimental and the control groups 

showed a difference only on the inter-list-intrusion errors not on the extra-list- 

intrusions. This indicates that the subjects in the experimental group were not 

simply filling in the gaps in their knowledge with any words that came to mind 

but they were not able to recall words from correct list due to the secondary 

task interference. If they had simply been filling in the gaps in their knowledge 

there would have been a considerably greater number of extra-list-intrusions (the 

words which were not in the lists) in this group; in fact the control and the 

experimental groups made similar numbers of extra-list-intrusions. The groups 

only differed in the inter-list-intrusion measure and this was confined to the C 

item recall only. This picture is confirmed by the results that there was a 

significant interaction between the Groups, the Errors and the List position (A-B 

versus A-C).

The results on correct-word recall showed that there was a main effect of the 

immediate-delayed recall factor which suggested that the performance of the 

subjects significantly declined with the passage of time. This is in line with 

Moscovitch's (1992ab) suggestion that delayed recall is more demanding than 

the immediate recall. The results of the multiple comparisons showed that there 

was a secondary task effect on the delayed recall of A-C lists but not on the 

delayed recall of A-B lists. So, the recall of the C items was more impaired than
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the recall of B on the delayed recall as well as on the innmediate recall. Similarly, 

the dual task condition produced more inter-list-intrusions than the control 

condition during the delayed recall of A-C lists but the two conditions did not 

differ significantly from each other on the amount of inter-list-intrusions 

produced by the delayed recall of A-B lists. However, there was no significant 

main effect of the immediate-delayed recall factor on the inter-list-intrusions 

which suggested that the inter-list-intrusions did not increase with the delay. 

This is not compatible with Moscovitch's suggestion mentioned above.

It might be argued that the delayed recall results suffer from a methodological 

problem. As described in the materials and procedure section, the subjects 

recalled the alternative lists which had not been recalled in the immediate recall 

condition. Therefore, it might be argued that subjects considered B intrusion 

errors at the immediate recall of C items as correct responses and thereby 

incorrectly recalled the C items corresponding the B intrusions during the 

delayed recall of B items. For this, the subjects should be conscious about what 

they did and did not recall and confident about what they recalled was correct in 

the immediate recall. It should be noted that the above arguments concern only 

the experimental group, not the control group which produced relatively few 

errors. Thus, when it was said above that the subjects should be conscious and 

confident about their immediate recall performance, it was meant the subjects in 

the dual task condition. However, the present thesis along with some other 

authors (e.g. Jacoby, 1991) assumes that dual task paradigm disrupts conscious, 

intentional use of memory. In addition, the subjects were not made aware about 

the experimental procedure regarding the delayed recall of non-recalled lists, that 

is when asking subjects to recall a list the experimenter referred to it as "the first 

list" or "the second list" only and made no reference to the immediate recall.

133



When taking together the points made above the possibility of the 

methodological problem leading to the increased errors in the delayed recall 

seems to be slim.

In summary, the working of verification processes in A-B, A-C paradigm was 

observed in the increased intrusion errors due to the secondary task interference 

with the supervisory control. In addition, the higher number of errors (B 

intrusions) in the C-item-recall compared to the B-item-recall provided some 

support for the Arkes and Lyons's (1979) suggestion that B-C forward 

associations are used during recall of C items.
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CHAPTER SIX

Experiment 5: The Supervisory System Functioning at the A-B, A-C List 
Differentiation Task Revisited: Encoding Processes & Retrieval Processes
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6.1 Introduction

Experiment 5 had two primary aims. The first aim was to replicate the findings of 

Experiment 4 reported in the previous chapter. The second aim was to examine 

the supervisory processes involved in the encoding of A-B A-C lists. For this 

purpose, in addition to a control group and a retrieval interference group similar 

to those used in Experiment 4, Experiment 5 included a third group which 

performed the secondary task during the encoding of A-B,A-C lists.

Kinstch (1970) viewed organizational processes as higher order processes and 

pointed out that such higher order operations are involved in paired associate 

learning. Also, as pointed out in Section 1.8.1 in Chapter 1, an important function 

of higher level systems at encoding is suggested to be memory organization 

processes (Moscovitch, 1992ab). It is likely that different tasks require different 

types of memory organization processes. For example, the categorized list recall 

task used in experiments 1 and 2, reported in Chapter 3, requires clustering 

processes. It was suggested that in paired associate learning memory 

organization processes are associated with the formation of inter-pair 

relationships (Kinstch, 1970). What form the memory organization processes 

would take when multiple paired associate lists like A-B, A-C lists are to be 

learned is the subject matter of the present study. In Chapter 2, the theories 

concerning the encoding of A-B, A-C lists were discussed. One of the earlier 

views on A-B, A-C paradigm was that A-B and A-C lists were learned 

independently, that is the learning of A-C associations had no effect on the 

strength or availability of the associations between A and B items acquired 

earlier (McGeoch, 1932). This view was soon challenged. Unlearning theory 

claimed that the associations between A and B items learned at A-B learning
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were unlearned at A-C learning and B items were replaced by C items (Wingfield 

and Byrnes, 1981).

As described in Section 2.3 Chapter 2, these early theories were not sufficient to 

account for the data obtained in studying A-B A-C paradigm and theorists 

thought that more elaborate processes should be involved in the encoding of A- 

B, A-C lists (Gordon, 1989). Further, the findings of some studies (e.g. Tulving 

and Watkins, 1974; Allen and Arback, 1976) indicated that the different learning 

or retention techniques used in an experiment can affect and change the nature 

of the elaborate encoding processes of A-B, A-C lists. As reported in Chapter 2 

Tulving and Watkins (1974) showed in a series of experiments that immediate 

tests of A-B lists lead to higher recall of C items compared to B items, while the 

reverse effect is observed if there was no immediate test of the A-B list. 

However, the authors were not able to explain the nature of the encoding 

operations that lead to the better recall of B compared to C or vice versa.

As was mentioned before in Chapter 2, the mediational theory (Arkes and Lyons, 

1979), did not have much attention from cognitive psychologists but it suggests 

a set of strategic mental operations for encoding of A-B, A-C lists that can explain 

the results of the Tulving and Watkins (1974) study per se. The mediational 

theory holds that if there is no immediate test of an A-B list, subjects use the B 

items as mediators during the A-C list learning, which leads to the superior recall 

of B compared to C. In order to support their theory, Arkes & Lyons (1979) 

conducted some experiments in which half of their subjects were led to expect 

that there would not be an eventual test of B, while the other half were led to 

expect to be tested on B. They predicted that if the strategy of retaining the B 

items during the A-C list learning is due to the anticipation that B would
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eventually be tested, the subjects who did not expect to be tested on B would 

see no need to use the encoding strategy. The authors' predictions were 

supported by the study results which showed that, the subjects who did not 

expect to be tested on B exhibited poorer recall of B indicating that they did not 

retain the B items at A-C. On the other hand, the subjects who did expect to be 

tested on B exhibited superior recall of B compared to C.

Arkes & Lyons (1979) specified that, during the retaining of B at the A-C learning, 

the B items are not simply rehearsed but used as mediators. In essence, the C 

items are learned in relation to the B items, which results in B-C dependence. 

Arkes & Lyons argued that the results of experiments which used A-B, C-D lists, 

two unrelated paired associate lists (e.g. Robbins & Irvin, 1976) support their 

argument that the B items are not just being rehearsed in the time allocated for 

the A-C list learning. They pointed out that these A-B C-D studies do not reveal 

the priority effect (the greater recall of B than D) even if the A-B lists were not 

given an immediate test. Thus, Arkes & Lyons argued that if the reason for the 

superior recall of B arose from continuing rehearsal due to the lack of an 

immediate test, then one would have expected the same treatment of B in the 

A-B C-D paradigm, but the inferior recall of B compared to D in the A-B C-D 

experiments indicates that this is not the case. In addition, the mediational 

theory would predict that in the A-B C-D studies the B items cannot be used as 

mediators because the two paired associate lists (A-B list and C-D list) are not 

related, therefore, the inferior recall of B is not surprising.

As stated in Chapter 2, there is another theory concerning encoding of A-B A-C 

lists: the relational/specific processing theory, proposed by Burns (1989). The 

theory suggested that, in A-B, A-C experiments, subjects switch from one
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encoding process (processing stimulus-response relational information) to 

another (processing individual-item information). Burns argued that during the A- 

B learning, subjects learn B in relation to A (stimulus response relational 

information), but at the A-C learning, because the A items have already been 

learned, subjects concentrate on the C items and, therefore, the C items are 

learned alone without any regard to A or B. Burns argued that the C items 

processed independently from stimulus terms (A items) have a free recall 

advantage relative to the C items learned in relation to stimulus terms (D items in 

A-B D-C). In order to find some empirical support for his ideas Burns conducted 

some experiments which showed that free recall of C items is better in A-B A-C 

condition than in A-B D-C condition. Burns argued that this finding is in 

agreement with the relational-specific processing theory.

However, the results of Burns's (1989) study were overshadowed by the results 

of Hirshman et al's (1993) study which showed that, like free-recall of C items, 

free-recall of B items is also superior in A-B A-C paradigm when compared to the 

free-recall performance in A-B D-C paradigm. The results of Hirshman et al's 

(1993) study is inconsistent with the relational-specific processing theory which 

suggests that relational processing strategy is used to learn the word pairs on 

the prior list (A-B) in both the A-B A-C condition and the A-B D-C condition and, 

therefore, unlike C items, B items should have been recalled equally well by the 

conditions A-B A-C and A-B D-C.

Another challenge to the relational-specific processing theory came from Thapar 

(1996) who argued that the free-recall advantage in the A-B A-C condition relative 

to the D-B A-C condition can be explained by the accessibility of A items as 

retrieval cues. Thapar assumed that in free-recall subjects retrieve and use the
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stimulus terms (A items) as eues to aid retrieval of the response terms (B or C). 

The author pointed out that the subjects in the A-B A-C condition are exposed to 

the stimulus terms twice as often as subjects in the D-B A-C condition and 

argued that the subjects in the A-B A-C condition should be able to generate 

more stimulus terms to cue their memories of response terms than the subjects 

in the D-B A-C condition. This would account for the free-recall advantage in the 

A-B A-C paradigm relative to the D-B A-C one. Thapar carried out three 

experiments to test the stimulus accessibility account. The results of the 

experiments showed that the free-recall advantage in A-B A-C condition is 

eliminated (1) when accessibility of the stimulus terms was equated between 

the A-B A-C and the D-B A-C conditions by allowing the subjects in the D-B A-C 

condition prior study of the stimulus terms and (2) when accessibility of stimulus 

terms was equated between the two conditions by using more memorable 

stimulus terms in the D-B A-C condition than in the A-B A-C condition.

Hirshman et al (1993) and Thapar (1996) rejected Burns's assumption regarding 

the free-recall advantage in A-B A-C but there was no direct rejection of the 

relational-specific processing theory which relied on the free-recall advantage 

assumption, rather on the empirical support the free-recall advantage 

assumption got from the results of Burns's (1989) study. Nevertheless, neither 

Hirshman et al nor Thapar produced a new theory concerning the encoding 

processes that operate in A-B A-C paradigm. Instead, Hirshman et al turned back 

to one of the early theories of A-B A-C paradigm and viewed the encoding and 

the retrieval processes of A-B A-C lists in the context of the response 

competition theory. Hirshman et al thought that C items are learned in relation to 

A items just like B items. Thapar went one step further and asked the subjects in 

the A-B A-C condition and the D-B A-C condition whether or not they had used a
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strategy for learning the word pairs on the two alternative list pairs. Thapar 

argued that all the subjects in the two conditions reported using the same 

encoding strategy which involves learning of associations between the word 

pairs on the two alternative lists.

The procedures were not identical in the studies mentioned above but one 

common feature shared by Hirshman et al's (1993) and Thapar's (1996) studies 

was the immediate test of the first list (A-B) usually in more than one study-test 

cycle. As stated before in this section, Arkes and Lyons (1979) argued that 

subjects in A-B A-C paradigm use a different encoding strategy when A-B list is 

not tested before A-C learning and a series of experiments conducted by Tulving 

and Watkins (1974) also showed that the immediate test of A-B list affects the 

outcome of an A-B A-C experiment. Arkes and Lyons's (1979) mediational theory 

suggested that when there is no-immediate test of A-B list, B items are retained 

at A-C learning. Thus, this encoding strategy would not be expected to be used 

by the subjects in Hirshman et al's (1993) and Thapar's (1996) studies which 

used immediate test of A-B lists.

In the present experiment, there was no immediate test of A-B lists before A-C 

list learning. So, the subjects are expected to use the encoding strategy 

suggested by Arkes and Lyons's (1979). Thus, the present thesis aimed to show 

an interference with these strategic encoding processes of A-B, A-C lists in a 

dual task design. It is predicted that the presence of a secondary task would 

impair any favourable effect of the retaining of the B items at the A-C learning, 

that is the secondary task effect would reduce the learning of the B items by 

impairing the study of B at A-B and its elaboration at A-C. In addition, the 

mediational theory suggests that the B items are not rehearsed by taking some
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time from the C item learning, instead the C items are learned in relation to B. 

Thus, the secondary task would reduce the number of the B items that can be 

used as mediators at A-C which, in turn, would cause a reduction in the recall of 

C items too.

The materials employed by Arkes and Lyons (1979) are different from those 

used in this experiment. Arkes and Lyons used unrelated words but in their 

study and in other A-B A-C studies subjects were usually given more time and 

more than one study trials-. In contrast, in the present study there was only one 

study trial for each list and each word pair of a list was presented auditorily at a 

rate of 3 sec. but the A-B A-C lists consist of category names and instances. It 

was thought that this would facilitate relational learning. Another reason for the 

use of related word pairs, as stated earlier, the present experiment intended to 

replicate Experiment 4 which studied the secondary task interference with 

verification processes observed in the increased intrusion errors. Thus, related 

words seem to be necessary for the task to require sufficient amount of 

verification processes that can be interfered in the dual task paradigm. How 

secondary task interference with encoding of A-B A-C lists would affect later 

verification processing at retrieval is another question that may find an answer in 

the present study. Similar to Experiment 4, delayed recall of A-B A-C lists were 

also assessed in Experiment 5. As pointed out before in the previous chapter, it 

is assumed that delayed recall reduces accessibility of items and therefore 

delayed-recall should be more demanding than immediate recall. It is also 

predicted that dual task performance would be more detrimental to long-term 

retention than single task performance.

142



6.2 Method

Subjects

30 undergraduate students (18 males and 12 females) at University of London 

participated in the study and they were aged between 19 and 31 and paid for 

their contributions.

Design

The design was a mixed design with one between and two within subject 

variables. The between subject variable consisted of three different secondary 

task conditions (encoding interference, retrieval interference and control 

conditions) and the two within subject variables were; the recall type (the 

immediate and the delayed recalls) and the list type (the first lists: A-B lists and 

the second lists: A-C lists).

Materials and procedure

Subjects were tested individually in a quiet room. The materials were the same 

as in Experiment 4: 6 sets of two related paired associate lists (A-B A-C) (see 

Appendix IV) and the card sorting task as the secondary task. The procedure was 

similar to that used in Experiment 4 with the exception that the subjects in the 

encoding interference group were instructed to perform the secondary task 

during the encoding of the A-B A-C lists. Thus, there were three groups: 

encoding interference, retrieval interference and, control groups and there were 

ten subjects in each group. The subjects in the encoding interference condition

143



started sorting the cards into its 4 suits (clubs, diannonds, hearts, and spades) 

with the sound marking the beginning of an A-B list and stopped with the sound 

marking the end of the A-B list. The experimenter who was waiting for the list to 

finish with one of her hands on the pause button of the tape-player and the other 

hand holding another pack of cards, pressed the pause button and gave the 

cards while saying "Now, the second list". Immediately after this, the 

experimenter quickly pulled the cards sorted towards the her side of the table 

and released the pause button. The subjects again started sorting the cards as 

soon as they heard the sound marking the beginning of the A-C list. The subjects 

in the retrieval interference condition started sorting the cards with the sound 

marking the beginning of the cued-recall and stopped with the sound marking 

the end. The subjects were asked to place about equal emphasis on each task.

The results were examined for the following: (1) correct-word-recall: the number 

of words recalled from a to-be-remembered list; (2) inter-list-intrusions: the 

number of words recalled from the aIternative-wrong-list; and (3) extra-list- 

intrusions: the number of words which were not in either of the lists, they were 

invented by subjects at recall.

6.3 Results

Co rrect-word-reca 11

The mean number of B items and C items recalled as a function of the 

secondary task conditions (encoding interference, retrieval interference and 

control) and the corresponding standard deviations are given in Table 6.1. The 

correct-word-recall was examined in a 3(Groups/Secondary task
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conditions)x2(üsVA-B, A-C)x2{lmnnediate-Delayed recall) MANOVA. The analysis 

of variance showed a significant nnain effect of the secondary task {F{2,27)= 

20.20, p<.001). There were also significant main effects of List (A-B vs A-C) and 

that of immediate-delayed recall (F(1,27)=38.43, p<.001; F(1,27)=140.29, p<.001 

respectively). There was no significant interaction between the variables. In 

order to determine whether or not the secondary task interference with 

encoding and retrieval would reduce memory performance substantially on both 

A-B and A-C lists, Post hoc tests (Dunnett's test for comparing all conditions with 

a control) were carried out. The results revealed the followings: on the 

immediate recall of the A-B lists, the amount recalled by both the encoding 

interference group (M = 6.17) and the retrieval interference group (M = 7.79) 

differed significantly from that recalled by the control group (M = 11.03), (the 

Dunnett tests: ps<.05). For the A-C lists, the performance of both the encoding 

interference (M = 4.67) and the retrieval interference group (M = 6.33) were 

again significantly different from that of the control group (M = 8.83), (the 

Dunnett tests: ps<.05). The delayed-recall-results were quite similar to the 

immediate-recaIl-resuIts. On A-B, the performance of both the encoding 

interference group (M = 3.9) and the retrieval interference group (M = 6.53) 

differed significantly from that of the control group (M = 9.3), (the Dunnett tests: 

ps<.05). On A-C, the performance of the encoding group (M = 2.4) was 

significantly different from that of the control group (M = 5.57), (the Dunnett 

test: p<.05) but the performance of the retrieval group (M = 3.67) did not differ 

from the control group (the Dunnett test: p>.05).

In order to test whether the substantial drop in the correct word recall in the dual 

task conditions compared to the control condition is due to the increase in errors 

or the secondary task still has an effect on the correct word recall if the errors
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are held constant, a MANCOVA was run on the correct word scores in which 

inter-list-intrusion scores were used as covariates. This analysis showed 

significant main effects of the groups and the immediate-delayed recall 

[F(2,26)=8.85, p<.001; F(1,26)=82.13, p<.001]. No interaction between the 

variables was found. The results of the MANCOVA suggested that the decline in 

the correct word recall in the dual task conditions was not just due to the 

increase in the intrusion errors in these conditions. Thus, the secondary task had 

a direct effect on the correct word recall.

TABLE 6.1 Mean Performance on the A-B and the A-C lists as 
a function of the secondary task load

Measures
A-B list 
M SD

A-C list 
M SD

IMMEDIATE RECALL
CORRECT-WORD-RECALL

Encoding Group 6.17 1.98 4.67 2.25
Retrieval Group 7.79 1.21 6.33 1.77
Control Group 11.03 1.65 8.83 2.94

INTER-LIST-INTRUSIONS
Encoding Group 1.73 0.73 1.51 0.68
Retrieval Group 1.43 0.68 1.73 1.12
Control Group 0.27 0.31 0.61 0.63

EXTRA-LIST-INTRUSIONS
Encoding Group 1.30 1.39 1.43 2.00
Retrieval Group 1.27 0.62 0.99 0.72
Control Group 0.83 0.42 0.67 0.54

DELAYED RECALL
CORRECT-WORD-RECALL

Encoding Group 3.90 2.13 2.40 0.95
Retrieval Group 6.53 3.06 3.67 2.00
Control Group 9.30 0.67 5.57 2.61

INTER-LIST-INTRUSIONS
Encoding Group 2.06 1.61 2.73 1.86
Retrieval Group 1.79 1.64 3.39 1.99
Control Group 0.73 0.87 1.27 0.86

EXTRA-LIST-INTRUSIONS
Encoding Group 1.80 2.18 1.87 1.97
Retrieval Group 1.43 1.13 1.53 1.19
Control Group 1.13 0.71 1.44 0.77
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Errors

The mean number of the inter-list intrusion errors, the extra-list intrusion errors 

and the corresponding standard deviations are given in Table 6.1. The 

distributions of intrusion errors deviated from normality and as the number of 

errors was on average very small; a square-root transformation was, therefore, 

applied to the analysis of the errors. Errors were assessed by a 

3(Groups/secondary task conditions)x2(Error type)x2x(List/A-B,A-C)2(lmmediate- 

Delayed recall) MANOVA. This analysis showed that there were significant main 

effects of the Group and List (A-B, A-C) [F(2,27)=3.75, p<.05; F(1,27)=6.01, 

p<.05, respectively). A significant effect of the immediate-delayed recall was also 

found [F(1,27)=20.65, p<.001). There was not a significant effect of the Error 

type measure [F(1,27)=2.93, p>.05j. There was a significant interaction between 

the Groups and the Error type [F(2,27)=4.71, p<.05j. This suggests that the 

secondary task had a differential effect on the Error type factor. The Error 

typexList (A-B, A-C) interaction and the immediate-delayed recallxList (A-B, A-C) 

interaction were also significant [F(1,27)=7.76, p<.01; F(1,27)=8, p<.01). The 

interactions suggest that performance on the two alternative lists (A-B/A-C) was 

affected differentially by the Error type factor and the immediate-delayed recall 

factor. The two error types (inter-list and extra-list intrusions) will be further 

examined in the next sections.

Inter-list-intrusions

A 3(Groups/Secondary task conditions)x2(Lis1/A-B, A-C)x2(lmmediate-Delayed 

recall) MANOVA was run on the number of inter-list-intrusion errors. The analysis 

revealed a significant main effect of the secondary task (F(2,27)=8.75, p<.001).
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The main effects of List (A-B, A-C) and the immediate-delayed recall type were 

also significant (F(1,27)=8.85, p<.01; F(1,27)=14.17, p<.01 respectively). The 

only significant interaction was between the secondary task and the immediate- 

delayed recall factor (F(1,27)=7.24, p<.05). Further, Post hoc tests (Dunnett's 

test for comparing all conditions with a control) were also carried out. On the 

immediate recall of the A-B lists, both the encoding interference (M = 1.73) and 

the retrieval (M = 1.43) groups were significantly different from the control group 

(M = 0.27), (the Dunnett tests: ps<.05). On the A-C lists both the encoding (M = 

1.51) and the retrieval groups (M = 1.73) differed from the control group (M = 

.61), (the Dunnett tests: ps<.05). Similarly, on the delayed recall of the A-B lists, 

both the encoding interference group (M = 2.06) and the retrieval group (M = 

1.79) differed significantly from the control group (M = .73), (the Dunnett tests: 

ps<.05). On the delayed recall of A-C, both the encoding (M = 2.73) and the 

retrieval groups (M = 3.39) were significantly different from the control group (M 

= 1.27), (the Dunnett tests: ps<.05).

Extra-list-intrusions

A 3(Groups/Secondary task conditions)x2(List/A-B, A-C)x2(lmmediate-Delayed 

recall) MANOVA was run on the number of extra-1 ist-intrusion errors. There was 

no significant main effect of the secondary task or List (A-B, A-C) on the number 

of extra-list-intrusions (F(2,27)=0.62, p>.05; F(1,27)=.15, p>.05 respectively), but 

there was a significant main effect of the immediate-delayed recall type 

(F(1,27)=13.72, p<.001). There was no significant interaction between the 

variables either.
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Errors on the secondary task

The mean number of the card sorting errors that occurred during encoding and 

retrieval were low. As the subjects were required to sort 30 cards on a trial (one 

response every 1.5 seconds in the 45 second learning or retrieval sessions), of 

the 30 responses, the encoding interference condition produced only an average 

of 1.65 errors (%5.5) on the A-B lists and an average of 2 errors (%6.67) on the 

A-C lists. On the other hand, the retrieval interference condition produced an 

average of 1.57 errors (%5.23) on the A-B lists and an average of 1.73 errors 

(%5.77) on the A-C lists during immediate recall. During the delayed recall, an 

average of 1.47 errors (%4.9) occurred on the A-B lists and an average of 1.87 

errors (%6.23) on the A-C lists. These errors were produced by the retrieval 

interference group as only this group performed the card sorting task during the 

delayed recall. A 2(Groups/secondary task conditions)x2(List/A-B, A-C) MANOVA 

showed that there was no significant difference between the encoding 

interference group and the retrieval interference group [F(1,18)=.08, p>.05]. 

There was also no significant effect of List (A-B vs A-C) [F(1,18)=.62, p>.05].

6.4 Discussion

The results revealed that the secondary task interference with both encoding 

and retrieval disrupted the memory performance on the A-B A-C list 

differentiation task. This suggests that both the encoding processes and the 

retrieval processes in this task require supervisory systems to perform attention 

demanding strategic operations. In addition, the MANCOVA showed that the 

secondary task effect on the correct word recall was true regardless of the rate 

of inter-list-intrusion errors made, which indicates that the effect of the

149



secondary task on the correct-word-recall was not just due to the subjects 

guessing incorrectly under the more constrained dual task condition. The results 

also showed that there was a significant effect of list (A-B vs A-C), that is the B 

items were recalled better than the C items and the fact that there were no 

interactions between the variables indicates that the higher recall of B was true 

across the conditions (the encoding interference, the retrieval interference and 

the control conditions).

As stated at the outset of this chapter the first aim of the present experiment 

was to replicate the findings of Experiment 4. Similar to Experiment 4, the 

results of Experiment 5 showed that the presence of the secondary task at 

retrieval leads to a decline in performance and an increase in intrusion errors. In 

the previous experiment the detailed analysis of the effect of a secondary task 

on retrieval showed that the locus of the effect was on the C item recall rather 

than on B items. However, the present study showed a reduction in the recall of 

B as well as C items. When the performance in the control and the retrieval 

interference conditions of the two experiments (see Table 5.1 and Table 6.1) is 

compared, the only difference seems to be between the two control conditions 

on the performance of the B item recall, that is the control subjects of the 

present experiment performed exceptionally well on the B item recall compared 

to the control group of Experiment 4. This cannot be attributed to the 

experimental conditions which were the same for the two experiments. The 

subjects were all students, although they differed in their study areas. Other 

than this rather striking difference, the pattern of the results of Experiment 4 and 

the present experiment is broadly similar. Thus, obtaining of an effect of the 

secondary task on the retrieval processes for an A-C list is a reliable empirical 

effect.
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The present results also showed that the secondary task interference with the

encoding processes in the A-B A-C list differentiation task led to a significantly

greater number of inter-list-intrusions compared to the control condition. This

finding can be interpreted in the following way: As discussed in Section 1.8.1 of

"supervisory systems at encoding" in the first chapter, Moscovitch (1992ab)

suggested that in general the role of the higher order systems (supervisory

systems) is to coordinate memory organization processes at encoding. Thus, the

increased inter-list intrusion errors can be related to the secondary task

interference with the temporal organization processes of the supervisory

systems during the encoding of A-B A-C lists. More specifically, as stated before,

the encoding processes suggested by the mediational theory involve the A-B-C

relational learning which results in B-C dependence. These B-C forward

associations (as oppose to C-B) are assumed to provide temporal order

information indicating that the B items are from the first list and the C items are

from the second list. Therefore, it is likely that the subjects use this temporal

order information when rejecting or accepting an item that come to mind at

retrieval (the verification processes). However, as the decline in the correct

words recalled in the encoding interference condition indicates, the secondary

task interference with the encoding impairs the retention of B items at the

encoding of A-C pairs. Consequently, B-C associations are likely to be reduced in 
T4-

this condition. This follows that, at retrieval, the subjects would be unable to use 

the B-C forward associations as temporal order information in deciding whether 

or not an item that comes to mind is from the right list. This explanation can 

account for the increased intrusion errors observed in the encoding interference 

group.
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In addition, it is speculated that B-C associations, already damaged by the 

performance of the secondary task at encoding would get woo ko n more with 

the passage of time and, as a result of this, verification of items would be more 

likely to fail in the delayed recall than in the immediate recall. In accordance with 

this speculation, the results showed that the encoding interference group 

produce increasingly more errors with delay than the control group. This was 

confirmed by the results that the immediate-delayed recall and the secondary 

task interaction was significant on the inter-list intrusion measure. On the correct 

word recall, the results also showed that there was a significant main effect of 

the immediate-delayed recall factor which suggested that the number of B items 

and C items recalled dramatically declined with the passage of time. However, 

no interaction was found between the secondary task and the immediate- 

delayed recall. This suggested that the decline in the correct word recall with the 

delay was not differentially affected by the other factors (the groups or the A- 

B/A-C). Overall, the delayed recall results are compatible with the assumption 

that the delayed recall is more demanding and, therefore, is more detrimental to 

long-term retention than immediate recall (Moscovitch, 1992ab).

The increased intrusion errors found in the retrieval interference condition are 

viewed as the observable outcomes of the secondary task interference with 

supervisory verification processes. It might be argued that dual task disruption 

on the general cognitive system or general difficulty in performing two tasks at 

the same time can be the cause of the increased intrusion errors observed. 

However, there are two problems with this kind of argument: first, as it can be 

seen in the results of experiments 1 and 2 in Chapter 3, secondary task 

conditions do not always lead to an increase in errors. So, the errors can not be 

viewed as the natural complements of the more constrained dual task
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conditions. Second, advocates of the general difficulty account may regard the 

concept of supervisory verification process with being not well defined and not 

easily amenable to measurement. However, as pointed out before in Chapter 1 

the idea of general difficulty or the argument of dual task disruption on general 

cognitive system relies on the concept of difficulty which is too broad and does 

not tell us anything about memory performance. At the same time, such general 

statements are not falsifiable but only can be dismissed on the grounds that they 

are unproductive circular arguments. It is a valid argument to say that supervisory 

verification processing is not observed directly but this is also true for many 

psychological constructs or models of cognitive psychology. However, the 

psychological constructs or the models in Cognitive psychology usually gain 

support from how well they describe certain observations. Thus, when it is 

considered from this perspective, the idea of the failure of supervisory 

verification processing explains the pattern of the present results better than the 

general difficulty account in that there was virtually no inter-list-intrusion errors 

on the task which requires differentiation of two alternative lists containing 

instances of the same category when there was no interference to the 

supervisory control, but there was an increase in the errors indicating verification 

failure when there was an interference to the supervisory control.

With respect to the encoding of A-B A-C lists, the mediational theory (Arkes and 

Lyons, 1979) suggested that during the study of an A-C list, the C items are 

learned in relation to B items, which not only causes the superior recall of B item 

but also facilitates the learning of C items. Therefore, it was predicted in the 

introduction that the secondary task interference with these strategic encoding 

processes would lead to a reduction in both the B item recall and the C item 

recall. The present results are consistent with this prediction. Another theory
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discussed at the outset of this chapter is Burns's (1989) relational-specific 

processing theory which claimed that subjects switch from processing A-B 

relational information to processing individual-item (C item) information. The 

theory argued that subjects shift to individual item processing because A items 

are learned at A-B learning. As discussed to some length in the introduction, this 

theory was rejected by Hirshman et al (1993) and Thapar (1996).

The encoding strategy suggested by the relational-specific processing theory 

(Burns, 1989) seems to be not an appropriate strategy to be used under the 

present experimental conditions. This is because there are important 

methodological differences between the present experiment and the Burns 

(1989) study. In Burns's experiments an A-B list had been learnt in more than 

one study-test trial before A-C list was presented to the subjects. These A-B 

study-test cycles should be the factor that led Burns to think that A items are 

learned at A-B which causes the shift to individual item learning at the study of 

A-C list. In contrast to the Burns (1989) study, in the present experiment each A- 

B list is studied only once and not tested before A-C learning. On the other hand, 

the word pairs (A-B/A-C) used in the present design are more memorable words 

as being category names and instances than Burns's unrelated word pairs but 

this should encourage relational learning in the present design, rather than 

individual-item learning of response terms (B and C) in the sense of Burns's 

(1989) theory. Thus, since Burns's claim was that the higher recall of B items 

compared to C items is due to the lack of the processing of A-C relational 

information, because A items are learned at A-B and since the present 

experimental conditions do not appear to allow individual item learning but 

relational learning for the above stated reasons, on Burns's theory one would not 

have predicted the higher recall of B items compared to C items under the
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present experimental conditions. However, the present results do show better 

recall of B than C with no interaction with the secondary task. Therefore, in line 

with Hirshman et al's (1993) and Thapar's (1996) findings, the present results are 

also difficult to reconcile with the Burns position.

As stated in the introduction both Hirshman et al (1993) and Thapar (1996) 

suggested that subjects use the same encoding strategy both at A-B learning 

and at A-C learning, that is B items are learned in relation to A and then in the 

same way, during the study of the second list, C items are learned in relation to 

A. This suggestion based on the results of the experiments which employed a 

design requiring immediate test of A-B list before A-C learning. However, as 

pointed out before, the mediational theory, suggests differential learning of two 

lists when there is no immediate test of A-B list before A-C learning, that is 

having learned B in relation to A, subjects retain B items during the study of A-C 

list. As stated earlier, the present thesis using the mediational theory predicted 

that the presence of the secondary task at encoding would reduce learning of 

the B items at A-B and the number of B items that can be used as mediators at 

A-C which would mean a reduction in both the B item recall and the C item 

recall. The present results are in line with this prediction but Hirshman et al's and 

Thapar's shared position would also predict a reduction in both the B and the C 

item recall from a different logical stand point. That is their position would have 

predicted that the secondary task would reduce relational learning of A-B on the 

prior list and then that of A-C on the second list which would result in a reduction 

in the number of B and C items recalled. Thus, Experiment 5 does not provide a 

clear support for the mediational theory rather than the position of Hirshman et 

al's (1993) and Thapar's (1996). This issue will be explored again in the next 

experiment.
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CHAPTER SEVEN

Evidence for Mediational Theory

156



7.1 Introduction

As was concluded in the previous chapter, Arkes and Lyons's (1979) theory 

which suggests that subjects use B items as mediators at A-C learning when 

there is no immediate test of A-B lists has not gained clear support from the 

results of Experiment 5. This is because it was thought that the results of 

Experiment 5 can be interpreted in the context of one of the earlier views on A-B 

A-C paradigm, the response competition theory (McGeoch, 1932). As pointed 

out in the previous chapter, this view has recently been reinstated in the 

dominant role by some authors (e.g. Hirshman et al, 1993). According to the 

response competition theory, subjects use the same encoding strategy at A-B 

learning and A-C learning. That is, first B items are learned in relation to A and 

then A-C associations are formed independently from A-B associations.

In contrast, the mediational theory (Arkes and Lyons, 1979) proposed that B 

items are retained at A-C learning which leads to the formation of B-C 

associations. So, the mediational theory suggests that two different cognitive 

processes exist, one operating at A-B learning and the other at A-C learning; it 

follows that the mediational theory can be tested in an experimental design 

where a secondary task interferes with one of the two alternative lists (A-B list or 

A-C list) while the other list is learned free from the secondary task. The 

following hypotheses about the outcome of such a dual task experimental 

design can be produced: (1) The important claim made by Arkes & Lyons (1979) 

was that the B items are retained at A-C learning. Then, in a condition where a 

secondary task interferes with A-C learning only, not A-B learning, a significant 

decline in the B-item-recall should be observed compared to a control condition 

where none of the lists (A-B, A-C) were learned in the presence of a secondary
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task. This is because, interference with A-C learning should result in interference 

with the retaining of B at A-C. (2) In a condition where only A-B learning is 

interfered by a secondary task, the B items learned will be expected to be 

reduced and consequently the number of the B items which can be used as 

mediators at A-C learning will also be reduced. Thus, any favourable effect of the 

retention of the B items on the learning of the C items will be lessened and this 

should, therefore, lead to poorer recall of the C items compared to the control 

condition, even though the secondary task was not present at A-C learning.

As pointed out before in this thesis, some authors (e.g. Howe & Robinowitz, 

1989) have strongly objected to the use of the dual task methodology in 

investigating the mechanisms that operate in performing a cognitive task. In 

analogous fashion, the findings of Experiment 5 can be criticized, it can be 

claimed that the decline in the dual task performance is due to the general 

difficulty of performing two tasks at the same time rather than the interference 

being due to the retaining of B items at A-C learning in the sense of the 

mediational theory or the learning of associations between stimulus terms (A) 

and response terms (B or C) in the sense of the response competition theory. 

This general difficulty hypothesis is dismissed in the previous chapter as being 

too broad and an uninformative claim but as mentioned before in Chapter 1 and 

Chapter 4, when used in an appropriate way in well-designed experiments, dual 

task manipulations can produce a pattern of results showing more than an effect 

on learning of a list that is acquired in the presence of a secondary task. Such 

results would be complex to be accounted for by the general difficulty 

hypothesis. Similarly, it is thought that the predicted pattern of results of the 

present experiment, stated in the above paragraphs, if supported, can not be 

explained with the simple concept of general difficulty.
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7.2 Experiment 6

This experiment employed the same A-B A-C lists used in experiments 4 and 5, 

each pair of associated words of a list consisting of a category name (A) and a 

category instance (B or C). However, the dual task conditions were different 

from the previous two A-B A-C experiments. The present experiment had three 

encoding conditions. In one condition, A-B lists were learned in the presence of 

the secondary task (A-B-list-only-interference condition). In the second condition, 

A-C lists were learned in the presence of the secondary task (A-C-list-only- 

interference condition) and in the control condition both the A-B and A-C lists 

were learned free from the secondary task. In addition. Experiment 6 employed 

a four choice response task as a secondary task, which was used in experiments 

2 and 3. It was assumed that the card sorting task and the four choice response 

task are essentially similar to each other for they both require manual responses 

to four random stimuli. As mentioned in Chapter 3, this assumption was 

supported before by the results of experiments 1 and 2.

7.2.1 Method

Subjects

24 undergraduate students (15 males and 9 females) at the University of London 

participated in the study. They were aged between 20 to 28 and paid for their 

contributions.
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Design

The design was a mixed design with one between and one within subject 

variables. The between subject variable consisted of three different secondary 

task conditions (A-B-list-only-interference, A-C-list-only-interference and control 

conditions) and the within subject variable was List (the first lists: A-B lists and 

the second lists: A-C lists).

Materials and procedure

The primary task procedure and the lists were similar to those used in 

experiments 4 and 5. The secondary task was the four-choice-response task 

used in experiments 2 and 3 reported in chapters 4 and 5. Four symbols (square, 

triangle, circle, and plus) appeared in the middle of a computer screen in random 

order. There were also 4 matching symbols situated on the keys of V, B, N, and 

M on the keyboard. The procedure for the secondary task was the same as in 

experiments 2 and 3. The subjects were required to respond to a symbol by 

pressing the identical symbol situated on a keyboard.

The subjects were divided into 3 groups according to the secondary task 

interference conditions: (1) The subjects in the A-B-list-only-interference 

condition, performed the secondary task during the encoding of A-B lists but not 

of A-C lists. (2) The subjects in the A-C-list-only-interference condition, performed 

the secondary task during the encoding of A-C lists, but the A-B lists were 

learned without the secondary task. (3) The control subjects did not perform the 

secondary task for either list, they carried out the primary task only (the A-B A-C 

list differentiation task).
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The results were examined for the following; (1) correct-word-recall: the number 

of words recalled from a to-be-remembered list; (2) inter-list-intrusions: the 

number of words recalled from the alternative-wrong-list; and (3) extra-list- 

intrusions: the number of words which were not in any list, which were invented 

by subjects at recall. In addition, correct responses and errors on the secondary 

task were examined.

7.2.2 Results

Co r rect-wo rd-reca I!

The mean number of B items and C items recalled as a function of the 

secondary task interference (A-B-list-only-interference condition, the A-C-list-only- 

interference condition and the control condition) and the standard deviations are 

given in Table 7.1. The correct-word-recall was examined in a 3(Secondary task 

conditions)x2(List/A-B, A-C) MANOVA. The analysis of variance showed a 

significant main effect of the secondary task conditions (F(2,21)= 8.9, p<.01). 

There was no significant main effect of List [(F(1,21)= 2.49, p>.05] but there was 

a significant interaction between the secondary task conditions and List 

(F(2,21)=14.6, p<.001). Further, Post hoc tests (Dunnett's test for comparing all 

conditions with a control) were carried out, which revealed the following 

findings: On the recall of the B items both the A-B-list-only-interference condition 

(4.35) and the A-C-list-only-interference condition (7.31) were significantly 

different from the control condition (10.88), (the Dunnett tests: ps<.05). On the 

C item recall, the A-C-list-only-interference condition (4.48) was significantly 

different from the control condition (9.16), (the Dunnett test: p<.05) but the
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difference between the A-B-list-only-interference condition (6.88) and the control 

condition was not significant (the Dunnett test: p>.05).

TABLE 7.1 Mean performance on the B and the C items and the standard 
deviations as a function of the secondary task load

Measures
B items 

M  SD
C :

M
items

SD

CORRECT-WORD-RECALL 
Learning conditions
A-B-list-only-interference 4.35 3.01 6.88 2.44
A-C-list-only-interference 7.31 2.94 4.48 2.75
Control 10.88 1.99 9.16 2.04

INTER-LIST-INTRUSIONS
A-B-list-only-interference 2.00 1.09 1.23 1.09
A-C-list-only-interference 2.02 0.84 2.42 1.38
Control 0.75 0.58 0.54 0.53

EXTRA-LIST-INTRUSIONS
A-B-list-only-interference 1.80 1.15 1.46 0.76
A-C-list-only-interference 1.25 0.94 1.52 1.34
Control 0.58 0.64 0.62 0.58

Inter-list-intrusions

The mean number of the inter-list intrusion errors and the corresponding 

standard deviations are given in Table 7.1. The inter-list-intrusions were assessed 

by a 3(secondary task conditions)2x(List/A-B, A-C) MANOVA. The analysis of 

variance showed a significant main effect of the secondary task conditions 

(F(2,21)= 12.2, p<.001). The main effects of List was not significant (F(1,21)=.44 

p>.05). There was no interaction between the variables. In order to determine 

whether or not the interference with the learning of B-C associations in the 

sense of the mediational theory will lead to an increase of B intrusions errors in 

the A-C-list-only-interference condition, Post hoc tests (Dunnett's test for 

comparing all conditions with a control) were carried out, which produced the 

following findings: During the recall of the B items, the subjects in both the A-B-
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list-only-interference (M = 2.00) and the A-C-list-only-interference conditions (M 

= 2.02) made significantly more intrusion errors than the control subjects (M = 

0.75), (the Dunnett tests: ps<.05). In the C item recall condition, the subjects in 

the A-C-list-only-interference condition (M = 2.42) made significantly more 

intrusion errors than those in the control condition (M = 0.54), (the Dunnett test: 

p<.05). However, the number of intrusions made in the A-B-list-only-interference 

condition (M = 1.23) did not differ significantly from that in the control condition, 

(the Dunnett test: p>.05).

Extra-list-intrusions

The mean number of the extra-list intrusion errors and the corresponding 

standard deviations are given in Table 7.1. A 3(secondary task 

conditions)2x(List/A-B, A-C) MANOVA showed that there were no significant 

main effects of the secondary task conditions or List (A-B, A-C) on the extra-list- 

intrusions (F(2,21)=3.10, p>.05; F(1,21)=0.01, p>.05, respectively).

Secondary Task Performance

Performance of the secondary task was also examined. The A-B-list-only- 

condition produced a mean number of 34.15 correct responses while the A-C- 

list-only-condition produced a mean number of 34.56 correct responses. A t test 

revealed that there was no difference between the two experimental conditions 

(t(1,14)=.14, p>.05). The errors on the secondary task were also examined. The 

results showed that the A-B-list-only-condition produced an average of 1.71 

errors, whereas the A-C-list-only-condition produced an average of 2.28 errors. A 

t test showed that the A-B-list-only-condition did not differ from the A-C-list-only-
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condition (t(1,14)=.86, p>.05).

7.2.3 Discussion

The results show that the secondary task interference with A-C learning led to a 

significant reduction in the number of B items recalled, even though the 

secondary task was not present at the encoding of the A-B lists. This finding 

indicates that the secondary task prevented the retaining of the B items at A-C 

learning and supports the mediational theory put forward by Arkes & Lyons 

(1979). It was also suggested in the introduction of this chapter that, if, as was 

claimed in the mediational theory, the B items are used as mediators in the 

learning of the C items, then the secondary task interference with A-B alone 

would reduce the B-mediators at A-C learning which would lead in turn to a 

reduction in the recall of C items, even though no interference effect took place 

at the A-C learning. There is indeed a suggestion of a reduction in the number of 

C items recalled in the A-B-list-only-interference condition (M = 6.88) compared 

to the control condition (M = 9.16), but this difference between the conditions is 

not at significant level.

The pattern of the intrusion errors that occurred across the conditions was also 

relevant. The present results show that the secondary task interference with A-C 

learning alone caused a significant increase in the intrusion errors both during the 

C item recall and during the B item recall, even though the B item learning was 

not disrupted by the secondary task. On the other hand, the presence of the 

secondary task at A-B learning alone led to a significant increase in errors during 

the B item recall only, the increase in errors occurred during the C item recall 

was not significant. These results can also be explained in the following way by
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using the mediational theory: The secondary task interference with the retention 

of B at A-C learning resulted in reduced B-C associations. As was argued before, 

the B-C forward associations provide the temporal order information which is 

used in differentiating the two alternative list items at retrieval. Therefore, it 

follows that the number of intrusion errors that occur both in the B item recall 

and in the C item recall would depend critically on the A-C learning stage rather 

than on the A-B learning. These assumptions gained support from the results 

that the interference with the A-C list led to an increase of intrusion errors in the 

B item recall while the interference with A-B did not produce the increased 

intrusion errors in the C item recall.

It will also be argued that the recall pattern obtained in the present experiment 

constitutes an important evidence against the general difficulty hypothesis which 

would have predicted only a general drop in performance in dual task conditions. 

The idea of general difficulty to perform two tasks does not seem to be easy to 

reconcile with the finding that the recall of B items declined when the secondary 

task was not present at A-B learning. Would the response competition theory 

explain the present results? The response competition theory claimed that the A- 

B associations compete with A-C associations acquired independently from A-B 

list and the stronger of the two associations would prevail at the time of testing 

(McGeoch, 1932). In view of this theory, it would have been expected that the 

secondary task disruption of learning of the one of the two alternative lists, as 

was the case in the present design, would reduce the competition between the 

response terms (B and C). This would be to the advantage of the list encoding of 

which had not been impaired by the secondary task. Thus, the response 

competition theory would not have predicted a drop in the recall of the list 

learned free from the secondary task in the present design.
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7.3 Experiment 7

This experiment aimed to replicate the findings of Experiment 6. Therefore, the 

present study employed the same experimental design as Experiment 6 where 

the secondary task interfered with either A-B list or A-C list at study. However, 

Experiment 7 is different from Experiment 6 in some other aspects. First, 

Experiment 7 was done in Turkey and, therefore, the study used Turkish words 

instead of English words. Second, unlike Experiment 6 in which each paired 

associate word consisted of a category name (A) as stimulus term and a 

category instance (B or C) as response term, in Experiment 7 the stimulus terms 

(A) were not related to the response terms (B or C) but the B and C items were 

the instances of the same category as in Experiment 6. For example, if an A-B 

list had "MENDIL-Zurafa" meaning handkerchief-giraffe, then the A-C list had 

"MENDIL-Geyik" meaning handkerchief-deer.

Experiment 7 employed the stimulus terms (A items) unrelated to the response 

terms for the following reason: As pointed out before in this chapter, the 

response competition theory suggested that A-C associations are learned 

independently from A-B associations acquired earlier but one may argue that this 

encoding strategy suggested by the response competition theory would not be 

used in an experimental design such as the one used in the previous experiment 

which employs category names as stimulus terms because the associations 

between category names and its instances already exist in mind. Therefore, 

from the view point of the response competition theory, it was thought that an 

experimental design employing unrelated stimulus-response pairs may 

encourage the kind of encoding operations proposed by the response
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competition theory. On the other hand, it should be noted that Arkes and Lyons 

(1979), who proposed the mediational theory, also used unrelated stimulus- 

response pairs in their experiments. Thus, on the basis of the mediational theory 

the present experiment still predicts that the secondary task interference with A- 

C list will lead to a reduction in recall of the A-B list which is learned free from the 

secondary task.

7.3.1 Method

Subjects

30 undergraduate students (24 males and 6 females) at Istanbul Technical 

University participated in the study. They were aged between 19 and 26.

Design

The design was a mixed design with one between and one within subject 

variables. The between subject variable consisted of three different secondary 

task conditions (A-B-list-only-interference, A-C-list-only-interference and control 

conditions) and the within subject variable was List (the first lists: A-B lists and 

the second lists: A-C lists).

Materials and procedure

The procedure and the secondary task were the same as those used in 

Experiment 6. However, the A-B A-C lists used in the present experiment were 

different from those used in the previous one in that the stimulus terms (A
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items) and the response terms (B or C) were not related. There were 4 sets of 

two alternative lists (see the lists in Appendix V). Similar to Experiment 6, each 

list contained 15 paired-words. The two lists in each trial, had the same 15 

stimulus terms (A) but B and C items were different instances of the same 

categories. The subjects were divided into 3 groups according to the three 

encoding conditions: (1) The subjects in the A-B-listonly-interference condition, 

performed the secondary task during the encoding of A-B lists but not of A-C 

lists. (2) The subjects in the A-C-list-only-interference condition, performed the 

secondary task during the encoding of A-C lists, but the A-B lists were learned 

without a secondary task. (3) The control subjects did not perform the secondary 

task for either list, they carried out the primary task only (the A-B A-C list 

differentiation task).

The results were examined for the following: (1) co r rect-wo rd-reca 11 : the number 

of words recalled from a to-be-remembered list; (2) inter-list-intrusions: the 

number of words recalled from the alternative-wrong-list; and (3) extra-1 ist- 

intrusions: the number of words which were in any list, which were invented by 

subjects at recall. In addition, correct responses and errors on the secondary task 

were examined.

7.3.2 Results

Correct-word-recall

The mean number of B items and C items recalled as a function of the 

secondary task interference (A-B-list-only-interference condition, the A-C-list-only- 

interference condition and the control condition) and the standard deviations are
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given in Table 7.2. The correct-word-recall was examined in a 3(Secondary task 

conditions)x2(List/A-B, A-C) MANOVA. The analysis of variance showed a 

significant main effect of the secondary task conditions (F(2,27)= 5.75, p<.01). 

There was no significant main effect of List [(F(1,27)= 3.55, p>.05] but the 

interaction between the secondary task conditions and List was significant 

(F(2,27)=5.54, p<.02). Further, Post hoc tests (Dunnett's test for comparing all 

conditions with a control) were carried out, which revealed the following 

findings: On the recall of the B items both the A-B-list-only-interference condition 

(1.65) and the A-C-list-only-interference condition (2.35) were significantly 

different from the control condition (4.35), (the Dunnett tests: ps<.05). On the C 

item recall, the A-C-list-only-interference condition (1.90) was significantly 

different from the control condition (4.55), (the Dunnett test: p<.05) but the 

difference between the A-B-list-only-interference condition (3.85) and the control 

condition was not significant (the Dunnett test: p>.05).

TABLE 7.2 Mean performance on the B and the C items and the standard 
deviations as a function of the secondary task load________________________

B items C items
Measures M SD M SD

CORRECT-WORD-RECALL 
Learning conditions
A-B-list-only-interference 1.65 1.20 3.85 2.41
A-C-list-only-interference 2.35 1.03 1.90 0.88
Control 4.35 1.94 4.55 2.75

INTER-LIST-INTRUSIONS
A-B-list-only-interference 1.10 0.62 1.00 0.47
A-C-list-only-interference 1.15 0.41 1.25 0.59
Control 0.95 0.44 0.90 0.21

EXTRA-LIST-INTRUSIONS
A-B-list-only-interference 0.10 0.21 0.55 0.49
A-C-list-only-interference 0.40 0.39 0.40 0.57
Control 0.35 0.47 0.15 0.24

169



Inter-list-intrusions

The mean number of the inter-list intrusion errors and the corresponding 

standard deviations are given in Table 7.2. The inter-list-intrusions were assessed 

by a 3(secondary task conditions)2x(Lis1/A-B,A-C) MANOVA. The analysis of 

variance showed that there was no significant main effects of the secondary 

task conditions (F(2,27)= 1.38, p>.05) or of List {F(1,27)=.02 p>.05).

Extra-list-intrusions

The mean number of the extra-list intrusion errors and the corresponding 

standard deviations are given in Table 7.2. A 3(secondary task 

conditions)2x(List/A-B,A-C) MANOVA showed that there was no main effects of 

the secondary task conditions or List (A-B, A-C) on the extra-list-intrusions 

(F(2,27)=.99, p>.05; F(1,27)=0.45, p>.05, respectively).

Secondary Task Performance

Performance of the secondary task was also examined. The A-B-list-only-group 

exhibited a mean number of 35.47 correct responses while the A-C-list-only- 

group produced a mean number of 37.82 correct responses. A t test showed 

that there was no difference between the two experimental groups (t(1,18)=.68, 

p>.05). The errors on the secondary task were also examined. The results 

showed that the A-B-list-only-group made an average of 2.12 errors, whereas the 

A-C-list-only-group made an average of 1.85 errors. A t test showed that the two 

experimental groups did not differ from each other (t( 1,18)=.44, p>.05).
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7.3.3 Discussion

Experiment 7 essentially replicated Experiment 6 as far as the correct word recall 

is concerned. When the correct recall performance of the two experiments is 

considered (see Table 7.1 and 7.2) it appears that overall the performance is 

relatively low in Experiment 7. This can be attributed to the use of unrelated 

stimulus-response terms in the present experiment, instead of category name- 

instance pairs. Under the present experimental conditions, it is likely that the 

subjects failed to retrieve appropriate responses or decide whether or not the B- 

C responses (two instances of a category) came to mind had been presented 

with the given stimulus term (A) as retrieval cues at the time of testing and did 

not respond to the given stimulus term. So, the present design required two 

different decision processes: one is to decide whether or not the right response 

terms (B,C) were retrieved, second to decide which response belongs to the to- 

be-remembered-list (A-B or A-C list). It seems likely that there will be times at 

cued recall when a subject cannot retrieve both of the possible responses (B and 

C) to the given stimulus term, but only one of the two may come to mind. Still, 

the subject has to decide whether or not the response which came to mind was 

presented with the given stimulus term and then to decide whether or not the 

response belongs to the to-be-remembered-list. If not, she has to retrieve the 

other response associated with the stimulus term. This can account for the 

overall low correct word recall performance obtained in the present experiment.

The present results regarding the intrusion error measure in Experiment 7 were 

different from those in Experiment 6. The intrusion errors obtained in the 

present design were fairly few across all the conditions and there was no
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difference between the experimental and the control conditions. This can again 

be attributed to the use of the unrelated stimulus terms. It is assumed that the 

intrusion errors are caused by the failure of the second decision process, 

mentioned in the above paragraph, that is to decide which response belongs to 

the to-be-remembered list but during recall the subjects may sometimes not be 

in the position to make such decisions because, as was argued above, the first 

decision process, that is to decide whether or not the correct response terms (B, 

C) associated with the given stimulus term are retrieved, can fail. So, there 

would be no need for the second decision process. This can explain the 

occurrence of the relatively few intrusion errors obtained in the present design. 

However, the accessibility of response terms can be another possible 

explanation for the low correct-word-recall performance and the low intrusion 

errors. That is, the retrieval failure can be placed at an earlier stage of the 

retrieval processes than the hypothesized first decision process. As suggested 

by some authors (e.g. Thapar, 1996), stimulus terms (A) are used as retrieval 

cues to aid retrieval of response terms. Therefore, it would be more likely in the 

present design than in the previous one using category names as stimulus terms 

that the unrelated stimulus term cues largely failed to lead to the accessing of 

response terms. That is, the subjects simply could not remember response 

terms before any kind of decision would be necessary.

In sum. Experiment 7 replicated the important finding of Experiment 6 that the 

secondary task interference with learning of A-C lists led to a reduction in recall 

of the B items which were learned free from the secondary task interference. 

Therefore, it can be concluded that this indirect effect of the secondary task on 

recall is a reliable one. As pointed out at the outset of this chapter, the response 

competition theory and some recent researches (e.g. Thapar, 1996) suggested
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that A-B associations and A-C associations are acquired independently and that 

the stronger of the two sets of associations is recalled better. On this position, it 

was reasoned that the interference with learning of one of the two sets of 

associations should have put the other set in a better position at retrieval. Thus, 

the response competition theory does not seem to explain this indirect effect of 

the secondary task on learning of the A-B lists. On the other hand, as it was 

described before in Section 7.2.3, the present finding can be explained by the 

mediational theory (Arkes and Lyons, 1979).

7.4 Experiment 8

The purpose of Experiment 8 is to provide an additional test of the mediational 

theory. As stated before in the previous chapter Arkes and Lyons (1979) 

proposed the mediational theory suggesting that B item is used as mediational 

link in learning of A-C list in A-B A-C paradigm when there is no immediate test of 

A-B. According to the authors, this encoding strategy is used in A-B A-C 

paradigm and the B items would not be used as mediators at D-C learning in A-B 

D-C paradigm even if A-B is given no immediate test. Arkes and Lyons argued 

that their position gained some support from the studies which showed that A-B 

D-C experiments produced quite opposite results comparing to the results of A- 

B A-C experiments with no immediate test of A-B (e.g Tulving and Watkins, 

1974; Robins and Irvin, 1976). That is, the A-B D-C experiments show that the 

second lists are recalled better than the first lists.

When all above views are considered in conjunction with the arguments 

concerning the results of Experiment 6 and Experiment 7 reported in the 

previous sections, it can be predicted that unlike the findings of Experiment 6
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and 7, a secondary task interference with learning of D-C list would not influence 

the recall of B items which are learned free from the secondary task. This 

prediction will be tested in the present design which employs the same 

experimental procedure as Experiment 7 with the exception that Experiment 8 

uses A-B D-C paradigm instead of A-B A-C.

7.4.1 Method

Subjects

30 undergraduate students (21 males and 9 females) at Istanbul Technical 

University participated in the study. They were aged between 18 and 26.

Design

The design was a mixed design with one between and one within subject 

variables. The between subject variable consisted of three different secondary 

task conditions (A-B-list-only-interference, D-C-list-only-interference and control 

conditions) and the within subject variable was List (the first lists: A-B lists and 

the second lists: D-C lists).

Materials and procedure

Experiment 8 used the same procedure as the previous experiment. The only 

difference between the present study and the previous one was that 

Experiment 8 employed an A-B D-C paradigm instead of A-B A-C. Therefore, the 

two alternative lists in a trial did not share stimulus terms and, moreover, the
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response terms were not related either. That is, if the A-B lists had "MENDIL- 

Geyik" meaning handkerchief-deer, then the D-C lists had "KALE-Asci" meaning 

castle-cook (see the lists in Appendix VI).

The subjects were divided into 3 groups according to the three encoding 

conditions: (1) The subjects in the A-B-list-only-interference condition, performed 

the secondary task during the encoding of A-B lists but not of D-C lists. (2) The 

subjects in the D-C-list-only-interference condition, performed the secondary task 

during the encoding of D-C lists, but the A-B lists were learned without a 

secondary task. (3) The control subjects did not perform the secondary task for 

either list, they carried out the primary task only (the A-B D-C list differentiation 

task).

The results were examined for the following: (1) correct-word-recall: the number 

of words recalled from a to-be-remembered list; (2) inter-list-intrusions: the 

number of words recalled from the alternative-wrong-list; and (3) extra-list- 

intrusions: the number of words which were not in any list, which were invented 

by subjects at recall. In addition, correct responses and errors on the secondary 

task were examined.

7.4.2 Results

Correct-word-recall

The mean number of B items and C items recalled as a function of the 

secondary task interference (A-B-list-only-interference condition, the D-C-list-only- 

interference condition and the control condition) and the standard deviations are
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given in Table 7.3. The correct-word-recall was examined in a 3(Secondary task 

conditions)x2(List/A-B, D-C) MANOVA. The analysis of variance showed no 

significant main effect of the secondary task conditions (F(2,27)=2.02, p>.05) but 

there was a significant main effect of List [{F(1,27)= 5.95, p<.03] and the 

interaction between the secondary task conditions and List was also significant 

(F(2,27)=21.86, p<.001). Further, Post hoc tests (Dunnett's test for comparing all 

conditions with a control) were carried out, which revealed the following 

findings: The only significant difference was between the D-C-list-only- 

interference condition (1.7) and the control condition (5.05) on the recall of C 

items, (the Dunnett test: p<.05). No significant difference was found between 

the A-B-list-only-interference condition (5.20) and the control condition (5.05) on 

the C-item-recall (the Dunnett test: p>.05). On the recall of the B items neither 

the A-B-list-only-interference condition (2.1) nor the D-C-list-only-interference 

condition (3.95) significantly differed from the control condition (3.4), (the 

Dunnett tests: ps>.05).

TABLE 7.3 Mean performance on the B and the C items and the standard 
deviations as a function of the secondary task load________________________

B items C items
Measures M SD M SD

CORRECT-WORD-RECALL 
Learning conditions
A-B-list-only-interference 2.10 1.37 5.20 2.39
D-C-list-only-interference 3.95 1.61 1.70 1.08
Control 3.40 1.98 5.05 2.15

INTER-LIST-INTRUSIONS
A-B-list-only-interference 0.25 0.42 0.05 0.16
D-C-list-only-interference 0.00 0. 00 0.10 0.21
Control 0.20 0.34 0.05 0.16

EXTRA-LIST-INTRUSIONS
A-B-list-only-interference 0.70 0.63 1.05 1.01
D-C-list-only-interference 0.45 0.37 0.50 0.47
Control 0.35 0.41 0.65 0.82
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Inter-list-intrusions

The mean number of the inter-list intrusion errors and the corresponding 

standard deviations are given in Table 7.3. The inter-list-intrusions were assessed 

by a 3(secondary task conditions)2x{List/A-B,D-C) MANOVA. The analysis of 

variance showed that there was no significant main effects of the secondary 

task conditions (F(2,27)=.94 p>.05) or of List (F(1,27)=1.4 p>.05).

Extra-list-intrusions

The mean number of the extra-list intrusion errors and the corresponding 

standard deviations are given in Table 7.3. A 3(secondary task 

conditions)2x(List/A-B,D-C) MANOVA showed that there was no main effects of 

the secondary task conditions or List (A-B, D-C) on the extra-list-intrusions 

(F(2,27)=1.58, p>.05; F(1,27)=3.43, p>.05, respectively).

Secondary Task Performance

Performance on the secondary task was also examined. The A-B-list-only- 

condition produced a mean number of 40.32 correct responses while the D-C- 

list-only-condition produced a mean number of 35.97 correct responses. A t test 

revealed no difference between the two experimental conditions (t(1,18)=.1.30, 

p>.05). The errors on the secondary task were also examined. The results 

showed that the A-B-list-only-condition produced an average of 2.87 errors, while 

the D-C-list-only-condition showed an average of 3.22 errors. A t test revealed 

that there was no difference between the two experimental conditions
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(t(1,18)=.40, p>.05).

7.4.3 Discussion

The results of Experiment 8 revealed that the secondary task had an effect only 

on recall of C items in the D-C-list-only-condition. The B items in the D-C-list-only- 

condition and the C items in the A-B-only-condition which had been learned free 

from the secondary task interference were recalled equally well when compared 

to the performance in the relative control conditions. So, as predicted, the 

secondary task interference with learning of only one of the two lists did not 

influence the learning of the other list acquired in the absence of the secondary 

task. This is consistent with Arkes and Lyons's (1979) mediational theory. In 

addition, as it would be expected in recall of unrelated paired associate lists, 

overall there were very few errors across the all conditions.

However, despite that the results of the present experiment were as predicted, 

there is one problem. That is, the mean number of B items recalled correctly 

was quite low. This raises the possible objection that the lack of a difference 

between the conditions on B-item-recall could be due to a floor effect. However, 

it should be noted that the recall performance in Experiment 7 was also quite 

low, yet Experiment 7 produced a correct-word-recall-pattern similar to 

Experiment 6.

7.5 General Discussion

The three experiments reported in this chapter employed a specific dual task 

design which has not been used before in dual task experiments. In the three
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experiments the secondary task accompanied learning of only one of the two 

lists learned in succession and the other list was studied in a single-task 

condition. The main reason for why this particular design employed was that on 

the basis of the mediational theory proposed by Arkes and Lyons (1979) the 

prediction was made of an indirect effect of the secondary task on recall of the 

list that was learned free from the secondary task in the A-B A-C paradigm with 

no immediate test of A-B list. This prediction is supported by the results of 

experiments 6 and 7 which showed that the secondary task interference with 

the study of A-C list reduced the number of B items recalled from A-B list. This is 

consistent with the mediational theory which suggests that B items are used as 

mediational links in learning of A-C list.

Arkes and Lyons (1979) argued that this encoding strategy of B items being used 

as mediators is used only in A-B A-C paradigm with no immediate test of the A-B 

list and that A-B D-C paradigm would require a different encoding strategy. This 

argument was supported by the results of Experiment 8 which showed that 

when learning of one of the two lists in A-B D-C paradigm is disrupted by 

performance of a secondary task this does not influence in any way the recall of 

the other list which is learned free from the secondary task. However, there was 

one limitation of Experiment 8 that the performance in the B-item-recall condition 

was fairly low. The possible reason for this could be the following: unlike A-B A-C 

paradigm, in A-B D-C paradigm there are more unrelated stimulus-response 

terms to be learned in relation to one another and, consequently, the 

associations learned earlier (A-B associations) can be weak as the new ones are 

formed without any regard to the earlier associations. This is in accordance with 

the present position which argued that the encoding strategy used in A-B D-C 

paradigm would be the one suggested by the response competition theory, that
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is that the two sets of associations, A-B associations and D-C associations, are 

acquired independently and the stronger set, usually the one recently learned, 

would prevail at the time of testing. This is also in line with Arkes and Lyons's 

(1979) account that a different encoding strategy is used in the A-B D-C 

paradigm.

As pointed out in the previous chapter, Hirshman et al (1993) argued that the 

encoding strategy suggested by the response competition theory was used in A- 

B A-C learning. Arkes and Lyons (1979) would not object to this argument 

because in Hirshman et al's A-B A-C experiments A-B list was tested before A-C 

learning. On the other hand, Arkes and Lyons's position emphasizes that 

subjects use the mediational strategy when there is no immediate test of A-B 

list. In the present research, A-B lists were not given an immediate test and, as 

stated in this chapter, the response competition theory does not seem to able to 

account for the pattern of results found in experiments 6 and 7 where dual task 

manipulations led to the interesting finding that when learning of one of the two 

lists is disrupted the recall of the other list also suffers. As discussed before in 

Chapter 2 and Chapter 6, the other theories concerning A-B A-C paradigm, such 

as the unlearning hypothesis (Wingfield and Byrnes, 1981), Burns's (1989) 

relational-specific processing theory, could not account for the recall pattern 

obtained in some other studies (e.g. Tulving and Watkins, 1974; Hirshman et al, 

1993; Thapar, 1996). In the same way, the unlearning hypothesis which favoured 

the idea that the earlier associations (A-B) were unlearned or replace with the 

associations learned later (A-C) cannot explain how the interference with the 

formation of the later associations (A-C) would lead to "unlearning" of the earlier 

associations (A-B).
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Similarly, when Burns's (1989) relational-specific processing account is 

considered, in the condition where only A-C learning was subject to interference 

by performance of the secondary task. Burns would not have predicted an effect 

on the B item recall. Burns argued that the B items are recalled better than C 

ones (in single task studies) because, unlike the C items, the B items are learned 

in relation to the A items. Therefore, the secondary task interference with A-C 

learning should not have made any difference to the learning of B items in 

relation to A ones. However, the findings of experiments 6 and 7 showed a 

significant drop in the number of B items recalled as a result of the presence of 

the secondary task at A-C learning. Thus, it is the strategic (supervisory) 

encoding processes suggested in the mediational theory that seem to provide 

the most adequate account to explain the pattern of results obtained in the 

present experiments.

As a final point, the present design also allows one to test the general difficulty 

hypothesis. The concern raised in the previous chapter is that the drop in recall 

of A-B A-C lists could have been attributed to the general difficulty in performing 

two tasks at the same time, rather than the secondary task interference with 

cognitive processes that operate in learning of A-B A-C lists. The present study 

showed that a secondary task actually disrupts specific cognitive operations at A- 

C learning by demonstrating an indirect effect of the secondary task on a list (A- 

B) which was learned and recalled at the absence of the secondary task. This 

suggested that the specific cognitive processes that operate in learning of A-C 

list were obviously key to learning or better recall of the A-B list. This key 

cognitive operation is identified as the retaining of B items at A-C learning in the 

A-B A-C paradigm.
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On the other hand, the term general difficulty can be used in a different 

meaning. Rather than the difficulty of performing two tasks at the same time, 

one can consider the difficulty in carrying out some cognitive operations that are 

simply generally difficult or require supervisory control as the present thesis 

claims or require executive functioning in the sense of Baddeley (1986) or are 

controlled, effortful processes in the sense of Hasher & Zacks (1979). The term 

difficulty or other terms used in this way do not offer an alternative explanation 

for a phenomenon but rather an alternative semantic term to refer to the same 

thing.
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CHAPTER EIGHT

Secondary Task Interference with Free-recall of Event Elements; Related and 
Unrelated Event Element Lists
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8.1 Introduction

In the previous expehnnents, the verification failure of supervisory systems in 

distinguishing the object category items presented in paired associate lists was 

assessed in terms of intrusion errors in a standard verbal learning paradigm. 

However, as discussed in Chapter 1, it has been suggested that the most 

dramatic failure of supervisory verification operations is observed in the 

confabulating patients who produce accounts of events that did not happen 

when they are asked about their past (Talland, 1965, Burgess & Shallice, 1996). 

Confabulation is seen as more of a retrieval problem than a storage or an 

encoding one. Burgess & Shallice (1996) argued that minor examples of the 

kinds of retrieval failure observed in confabulating patients commonly occur in 

the normal retrieval of events. Burgess & Shallice's study with normal subjects is 

one of the few studies done on this issue, which showed that when normal 

subjects recall events on a specific topic (e.g. the last time they visited the 

coast), they often use verification procedures to recognize and reject the 

elements/parts of elicited events similar to the one they are asked to recall (e.g. 

other holidays to the coast). As stated in Chapter 1, they have identified three 

types of failure in the three stages of retrieval; target description processes, 

verification processes, and mediator processes and also supported the key 

aspects of Norman & Bobrow's (1979) retrieval model.

One shortcoming of autobiographical studies is that, even though Burgess & 

Shallice's (1996) subjects, when asked to listen to their retrieval protocols, made 

corrections to the events they had previously remembered, there is generally no 

way to check whether or not they did in fact produce the correct event or 

confused it with the similar ones. In fact, it has been accepted that
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autobiographical memories are never true and that they always contain 

distortions or incorrect but sensible-event-elements (Conway, 1990). There are 

some autobiographical studies which support this view. For example, the well 

documented Watergate testimony of John Dean showed how he was 

inaccurate in reporting many details and event sequences when his testimony 

was compared with the tape recordings of the conversations in the White House 

office (Neisser, 1981).

Besides the autobiographical studies, the inaccurate remembering of 

experiences has also been studied by using artificial events. The main interest of 

these studies was eyewitness testimonies and particularly these researches 

were guided by situations that normally occur at the aftermath of an incident. For 

example, eyewitnesses are likely to have conversations with other potential 

witnesses or with curious people who may make some suggestions on what 

may or may not be involved in the incident. Moreover, in an initial inquiry officers 

may ask some questions and these questions may contain extra information or 

suggestions about the incident that the eyewitnesses have not actually 

witnessed. The information that an eyewitness has from other people is called 

post-event information. It has been suggested that eyewitnesses may confuse 

this kind of post-event information with what actually happened at the time of 

incident (Loftus and Hoffman, 1989).

As discussed in the section 2.4.2 in Chapter 2, Loftus et al (1978) and Loftus & 

Palmer (1982) studied the effect of misleading post-event information on 

memories of a short film (accident scene) and showed that subjects 

remembered the misleading information as part of the original film. They argued 

that the current post-event information replaces the original memory. However,
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as extensively discussed in the section 2.4.2, Bekerian and Bowers (1983, 1984) 

rejected Loftus et al's suggestion and instead they put forward a retrieval-based 

explanation of incorrect remembering by using Norman & Bobrow's (1979) 

retrieval model. They argued that original memories are not lost but accessing an 

original memory depends heavily on the retrieval cues provided. They claimed 

that the retrieval cues are used to form a description which is then used to 

search memory until some match is made between the description and the 

features of a memory record. Therefore, if the description does not represent 

the critical features of the original memory, it can match an incorrect memory 

record. Thus, Bekerian and Bowers's (1983, 1984) position is in line with 

Burgess & Shallice's (1996) position that memory lapses or confusions result 

from the failure of the strategic operations at retrieval. In fact these positions 

were both influenced by Norman & Bobrow's (1979) retrieval model which was 

central to the discussion concerning the role of supervisory systems at retrieval, 

reported in Chapter 1.

A pilot experiment using artificial events (films) was conducted. The aim of the 

study was to create a situation where natural confusion of elements of some 

similar episodes could be observed. For this purpose, subjects were asked to 

watch a series of similar short films (3 concerning couple quarrelling and 3 social 

gatherings) and, then, they recalled the films in any order. Analogous to the two 

types of confabulations observed in patients (see the section 1.7.4 in Chapter 1), 

fantastic and momentary confusions were sought in the subjects' retrieval 

statements. If a statement was completely false and far from the content of all 

the episodes presented, it was counted as fantastic confusion. If the content of 

an episode was distorted or confused with the other episodes, this was counted 

as momentary confusion. In addition, sensible but untrue event elements that
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cannot be classified as confusions because there is reasonable doubt were 

counted as errors (e.g. if an actor was said to have dark-hair, although he had 

blond hair and if there was not any other information which would indicate that 

the subject was describing a person in another episode, then this was counted 

as an error).

This study revealed few confusions but the ones that occurred were interesting. 

In Table 8.1, some examples are given. As it can be seen in the part of the 

original conversation depicted in Table 8.1a (see also Appendix VII, Episode 4), 

John, the male actor, asks the female actor whether or not she believes another 

man called Grant, who was the point of discussion between the couple, and she 

says that Grant was sick and John should know this better than anybody. As 

illustrated in Table 8.1b,c,d, three subjects distorted the meaning of the 

conversation. One subject stated that the female actor said that she was sick 

(Table 8.1b), the other two subjects stated that John, the male actor, was sick 

(Table 8.1 c,d). The term sick was also used in two different meanings: in Table 

8.1b, it was used as an illness but in Table 8.1c it was used to refer to the belief 

that John is unstable and the woman actor feels disgusted about him.

Table.8.1. Extracts from the retrieval statements of the subjects________

a. Male actor (M): "And you believe Grant."
Female actor F): "I didn't say that."
M: "Sharline you actually believe him after everything that we have

gone through."
F; "He's very sick and you know that better than anybody."
M: "Sharline, he set this whole thing up, he is desperate to destroy

our marriage."
b. "...She was saying that she had been sick..."
c. "...She was saying that "you are sick John, everybody knows you are 
sick John..."
d. "...They were arguing about their marriage and she was saying that he 
was sick..."
e. "...She goes down to phone and then she heard the door and opened the 
door..."
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The attribution of an action, activity or an experience to a wrong participant has 

been discussed in the sentence comprehension literature. According to Implicit 

Salience Theory, the relative degree of attention given to two or more 

participants of an event varies, and people attribute greater causality to more 

salient participants than to less salient ones (Kasof & Lee, 1993). The attribution 

errors observed in this study were consistent with the implicit salience theory in 

that Grant about whom the couple was talking was less salient object since he 

was not actually in the scene and the state of being sick was attributed to the 

couple in the scene. An example of a fantastic confusion is given in Table 8.1e. 

The first clause, "she goes down to phone", is completely false for there was no 

scene involving a phone or any action scene concerning a female going down 

some stairs to phone, this was fantasized by the subject. The second clause 

"then she heard the door and opened the door" is from one of the couple quarrel 

episodes (see Appendix VII, Episode 3). The scene starts with a female opening 

the door but there was no scene concerning a doorbell ringing which was a 

sensible error made to complete the scene.

One of the few integrations of two episodes into one (momentary confusion) is 

illustrated in Table 8.2. It is the confusion of two party episodes. The subject 

starts with describing the setting of one party and mentions correctly that it was 

political and there was a poster, although an error is made about what was 

written on the poster (The actual poster said "vote for Faraday", not "Michael 

Faraday".). Then the subject starts talking about a conversation that took place in 

another party episode and the actions of the two men and the conversation 

passed between them were described correctly. After that the subject turns 

back to the first party and actually describes the action of the camera swinging 

to show the pool and thereby finds the correct actors for the setting, who were

188



a man and a woman having a conversation by the pool (see Appendix VII, 

Episodes I and II for the original content of the two party episodes).

Table.8.2. An example for momentary confusion______________________________

"... it was (Episode 1) political because there was a sign in the 
background saying that "Michael Faraday"... it was a really big garden 
party...and (Episode 2) two guys in the background talking about some 
decoy duck collection belongs to someone. They have gone to another area 
and the one said "let me get you a drink" and the guy said "I’ll have 
white wine" and the other guy said "don’t you want something harder than 
that?"...(back to Episode 1) Once it swung right over... and you can see 
the pool and you can see the other side. . . and there is another 
conversation, another short kind of conversation between two people 
there, I think it was a man and a woman..."_________________________________

In general the retrieval statements of the subjects of the short films were largely 

accurate. They failed to demonstrate many event confusions of the above types. 

This can be attributed to the following two reasons. First, as suggested by 

Burgess & Shallice (1996), erroneous memories of normal subjects are corrected 

implicitly as a result of the supervisory operations (verification processes) at 

retrieval. Second, the films used in the experiment had certain distinctive 

features (e.g. a famous face, a distinctive accent, such as American versus 

English, or costumes from 1970s fashion) which probably increased the 

likelihood of the successful retrieval specification as these distinctive features 

were likely to have been used in the target descriptions to supply the means to 

access the right memories.

The two problems mentioned above as the possible reasons why the pilot 

experiment failed to produce enough event confusions were considered to be 

resolved in the following manner in the present research. It was thought that the 

first problem can be resolved by using a secondary task to interfere with the 

supervisory memory control operations as has been used in the previous 

experiments (experiments 1 to 8). In regard to the second problem, it is always
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difficult to control adequately the large amount of information that a natural 

series of events (e.g. the short films in the pilot experiment) inevitably contain. 

One solution to this problem is to break an event down into its elements and 

then make up a list with the event elements similar to the object category lists 

used in the previous experiments (experiments 1 to 8). This kind of approach to 

investigating event knowledge can be found in the studies concerning scripts 

(Schank & Abelson, 1977), and event schema (Mandler, 1984). These studies 

were generally concerned with the structure of events. However, dual task 

interference with recall of the items in a script has not been investigated.

Is the knowledge/mental representations of scripts or events different from that 

of object categories? As stated in Chapter 2, it has been suggested that both 

object categories and event schemas have a hierarchical organization but an 

event schema differs from a categorical structure in that the hierarchy does not 

consist of class inclusion relations (i.e. horse, cat, dog are all animals). Also 

connections between the elements of an event schema are assumed to be 

temporal and to be causally related (Mandler, 1984). The listed items that are 

related to each other within a context (e.g. having a meal at restaurant) rather 

than through a superordinate category (e.g. animals) have also been called ad 

hoc categories. Barsalou (1983) constructed ad hoc categories which consisted 

of goal related items, such as "ways to make friends", "ways to escape being 

killed by the Mafia" and compared the properties of the ad hoc categories with 

object categories. He found that, the two types of categories are similarly 

structured, for instance they both have graded structure and both have some 

elements more typical than the others; but, in contrast to object categories, the 

ad hoc categories are not well established in memory, that is associations 

between the items and the category name or category concept are not as strong
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as those in object categories. In short then, there are similarities as well as 

differences between the object categories and the ad hoc or script-like 

categories.

In the present research, the categories used contain elements of well known 

events/stories such as burglary (see Table 8.3 for an example). These will be 

called event categories which are different from Barsalou's (1983) goal directed 

ad hoc categories. In the present study, although the elements of an event are 

presented in discrete pieces in a list rather than in descriptive sentences as in 

story telling, when elements of an event category are read or listened to, a 

complete mental image of an event comes to mind. This is because, as stated 

by Mandler (1984), it is assumed that general event schemas influence encoding 

processes by means of activating the associations/the causal links between the 

elements of events.

Table 8.3. An Example from the event categories__________________________

A boy
porter
hotel
jewellery
stolen
security guard
investigation
evidence
witness
finger-prints
handcuff
solicitor
court
verdict
prison____________________________________________________________

The main purpose of the present research is to demonstrate supervisory 

verification failure in free-recall of event elements and for this reason the event
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categories described above were employed. However, these event categories 

have not been used before and were created by the experimenter for the 

present research. Therefore, before exploring the working of supervisory 

verification in free-recall of event elements, it should be established that the 

elements of each event category are related through an event concept. The first 

two experiments reported in this chapter were set up to meet this end.

8.2 Experiment 9

In order to test the assumption that the elements of each event category are 

related through an even concept, a group of subjects were given an element- 

discrimination test which involves identifying and separating elements of 

different event concepts from mixed event element lists which were used in the 

main experiment. Experiment 11, reported in Section 8.3 in this chapter.

8.2.1 Method

Subjects

10 subjects (6 females and 4 males), aged between 23 and 35, participated in 

this experiment. The subjects were undergraduate or postgraduate students at 

University of London and paid for their contributions.

Materials and procedure

12 event categories were constructed for the three experiments reported in this 

chapter, each event category containing 15 items. The titles of the event
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categories were as follow: "burglary", "first cigarette and trouble", "cheating in an 

exam", "car accident", "career change", "thief at a hotel", “explosion at a cinema", 

"looking for a job", "football hooligans", "kidnap", "bank robbery" and "dinner party" 

(see Appendix VIII). The event categories were divided into 6 pairs. Each pair 

was used to form two alternative mixed event element lists which were also 

used in Experiment 11, reported later. Each of the two lists contained 15 

elements, 7 elements from one event category (e.g. bank robbery), 8 from the 

other (e.g. dinner party). The assignment of the elements to either of the lists 

was random. The order of elements in a list was arranged in such a way that no 

item from an event category followed an item from the same category.

For the event-element-discrimination test, each pair of alternative mixed event 

element lists was printed on an A4 paper. The subjects were told that there are 

two lists containing elements of two different events on each of the six pages 

that they were given. They were asked to identify the two different events and 

give a title to each one. They were required to write down the elements that, 

they thought, belong to a particular event with an appropriate title as quickly as 

possible and then carry on doing so for the next one. The subjects were told that 

they should not spend much time on the task and asked not to pay attention to 

the number of elements that they have enlisted for a particular event because an 

event can have more elements than the other.

The data were examined for the followings: (1) correctly-classified-event- 

elements: the number of elements classified as the elements of a correct-event- 

category and (2) incorrectly-classified-event-elements: the number of elements 

classified as the elements of an incorrect-event category.
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8.2.2 Results

Overall, the mean number of elements identified correctly per event category 

from the mixed event element lists as the predicted event concepts underlying 

the categories was quite high (86.8%) and, consequently, the mean number of 

elements that were classified as elements of an incorrect event category was 

low (13.2%). A t test for related samples was applied to the data which 

confirmed that overall the amount of elements correctly distinguished from 

mixed event element lists was more than the amount of elements classified as 

elements of incorrect event categories (t(1,9)= 16.86, p<.001).

For each of the 12 event categories, the mean numbers of elements correctly 

identified as predicted event concepts underlying the event categories and those 

identified as elements of incorrect event categories are presented in Table 8.4. 

As it can be seen in the table, the event category which had the lowest mean 

score was "Burglary" with 10.3 and an average of 4.7 elements of the burglary 

category was not distinguished correctly. Whereas the category which had the 

highest score was "Football hooligans" with 14.6; only an average of 0.4 

elements of the football hooligan category was not distinguished correctly. The 

highest possible score was 15 as each category contained 15 event elements. 

Separate t tests for related samples conducted for each of 12 event categories 

to see whether or not significant amount of elements of each event category 

was correctly distinguished from mixed event element lists. The results of all the 

t tests were significant with all ps < .01, as shown in Table 8.4.
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Table 8.4 The mean number of elements correctly identified 
per event category and that classified as the elements of 
an incorrect event category and the results of t tests 
(CCEE: correctly-classified-event-elements,
ICEE : incorrectly-classified-event-elements)

Event categories
CCEE
Mean

I CEE 
Mean t(l,9) Significance

Level

Burglary 10.3 4.7 3.68 P < .01

First cigarette and 
trouble

11.4 3.6 4.84 P < .001

Cheating on an exam 12.9 2.1 6.56 P < .001
Car accident 13.6 1.4 16.43 P < .001
Career change 12.2 2.8 6.60 P < .001
Thief at a hotel 12.6 2.4 8.78 P < .001
Explosion at a 
cinema

13.6 1.4 14.29 P < .001

Looking for job 13.9 1.1 23.11 P < .001
Football hooligans 14.6 0.4 43.48 P < .001
Kidnap 12.9 2.1 7.65 P < .001
Bank robbery 14.3 0.7 26.12 P < .001
Dinner party 13.9 1.1 10.92 P < .001

8.2.3 Discussion

The results of the event-element-discrimination test showed that a large amount 

of elements of each event category were distinguishable as the elements of 

predicted event concept. However, the implications of these findings can be 

questioned. As pointed out before in the Introduction of this chapter, Experiment 

9 was carried out to see if the elements of each of the event categories were 

related through an event concept and constitutes a preliminary study for 

Experiment 11, later reported in Section 8.3. In Experiment 9 the mixed event
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element lists were given in a written form whereas the lists were presented in a 

verbal form in Experiment 11 which examines interference with free-recall of the 

event element lists in a dual task paradigm. Therefore, a possible criticism can be 

that it is easy to distinguish the elements of an event from a mixed event 

element list once all the elements are present in front of someone in a written 

form as was the case in Experiment 9. An element of guessing can also be 

involved in this element-discrimination test, a subject has to decide which

elements can be grouped together. So the elements of an event category may

not be related as strongly as it was believed to be.

8.3 Experiment 10

The main objective of the present experiment is to find further support for the 

assumed relationship between the elements of the event categories. Thus, like 

Experiment 9, Experiment 10 constitutes a preliminary study for Experiment 11. 

As pointed out before in this chapter, all three experiments used the same event 

categories but, unlike Experiment 9, the present experiment has the same dual 

task design as Experiment 11, reported later. In addition, both Experiment 10 

and Experiment 11 used a list differentiation paradigm. So, subjects were 

required to study two alternative lists and then asked to recall one of the two 

lists in dual task or single task conditions. Although both Experiment 10 and 

Experiment 11 employed event element lists, the two alternative lists used in 

Experiment 11 were mixed event element lists each of which contained items 

from two different event categories, the same mixed event element lists used in 

Experiment 9. On the other hand, in the present experiment (Experiment 10), 

each list contained all elements of one event category. So the two alternative 

lists to be distinguished in Experiment 10 were unrelated. This is because one of
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the two alternative lists contained all 15 elements of one event (e.g. bank 

robbery) and the other contained all 15 elements of a different event (e.g. dinner 

party). Thus, it should be noted that the structure of the event element lists was 

the only difference between Experiment 10 and Experiment 11.

In the present experiment, the particular list structure, that is two alternative 

unrelated event lists each containing elements of a different event category, was 

employed to meet the following ends: The blocked presentation of related items 

in a list has been studied by several researchers. Such studies have shown that 

blocked presentation lead to superior recall of the list when compared to recall of 

randomly presented items (Shuell, 1969). Due to the associative nature of 

memory, the related items presented in a blocked fashion are organised better 

at encoding (memory organization) and as a result they are recalled with less 

effort in comparison to those presented in a random fashion (Kellas et al, 1973). 

Blocked presentation studies used object categories (e.g. animals, vegetables). 

The event categories employed by the present research have not been used 

before. Therefore, it is assumed here that if the elements of each event category 

are strongly associated then the presentation of all the elements of one event 

category contiguously in a list, as will be presented in Experiment 10, should 

have the same effect on recall as the blocked presentation of object category 

items would. That is recall of the elements of an event category presented in a 

blocked fashion should require relatively little effort, as suggested by Kellas et al 

(1973). In order to test this assumption. Experiment 10 employed a dual task 

paradigm.

Experiments 1 and 2, reported in Chapter 3, showed that even if the items are 

presented in a random fashion, recall of a list containing items from only two
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categories is not affected by performance of a secondary task. Thus, one would 

expect that recall of a list containing items from one category should not be 

affected by performance of a secondary task. However, it should be noted that 

unlike experiments 1 and 2, Experiment 10 has a list differentiation design. The 

A-B A-C experiments, reported in chapters 5 and 6, also had a list differentiation 

design and the results of these experiments showed a secondary task effect on 

recall. However, in the A-B A-C experiments the two alternative lists (A-B A-C) 

were related. There are some studies in the literature which compared recall 

performance of A-B, A-C lists (same stimulus items) with that of A-B, C-D lists 

(no elements in common) and showed that list differentiation is high when two 

alternative lists are unrelated as in A-B C-D paradigm (Burns, 1989; Epstein & 

Dupree, 1979). In addition, Kintsch (1970) argued that if the items of two 

alternative lists belong to different categories such as a list of animal names and 

a second list consisting of names of cities, two lists like these can be easily 

differentiated through class recognition. Thus, it can be argued that if the 

elements of each category are associated well with each other, then it should be 

easy for subjects to access the event to be remembered when two alternative 

lists to be distinguished are unrelated and each has strongly related elements of 

one different event. For example, after learning elements of "bank robbery" as 

List 1 and elements of "dinner party" as List 2, if a subject was asked to recall List 

1, she would cue her memory with "bank robbery" or any other similar phrase 

materializing the event concept. This retrieval cue would activate elements of 

the bank robbery. So, if an event element list is accessible then the strategic 

retrieval specification processes which are viewed as supervisory operations 

(Burgess and Shallice, 1996) would not be necessary. Thus, it is predicted that 

recall of elements of an event will not be affected by performance of the 

secondary task.
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In addition, Kintsch (1970) argued that two unrelated lists, each containing 

elements of one different category are not only easily differentiated but also no 

intrusion errors would be observed. In line with this argument it is predicted that 

if the elements of each event category are strongly related then the present list 

differentiation task would demand very few, if any, verification processes and a 

secondary task interference with recall of one of these two unrelated event lists 

should not produce intrusions from the second list.

In sum. Experiment 10 aimed (1) to find a strong support for the assumption that 

the elements of each event category are strongly related and (2) to show that 

differentiation of unrelated event element lists is not affected by performance of 

a secondary task. The latter will be important when interpreting the results of 

Experiment 11 in which related event element lists were used in contrast to the 

unrelated lists used in the present experiment.

8.3.1 Method

Subjects

24 subjects (15 females and 9 males) participated in the study. They were 

undergraduate or postgraduate students at University of London, aged between 

20 to 37.
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Design

The experiment used a mixed design with one between and one within subject 

variables. The between subject variable consisted of three different secondary 

task conditions (an encoding interference, a retrieval interference and a control 

groupe) and the within subject variable was List type (List 1 versus List 2).

Materials and procedure

The same 12 event categories used in Experiment 9 were employed by this 

experiment but the structure of the event element lists were different. 

Experiment 10 did not use the mixed event element lists, each of the two 

alternative lists in a study-test-session contained elements from a different event 

category so that the alternative lists were not related. There were 6 sets of two 

unrelated event lists for 6 study-test-sessions. Thus, the alternative lists were 

"burglary" as List 1, "first cigarette and trouble" as List 2 used in Session 1; 

"cheating in an exam" (List 1), "car accident" (List 2) in Session 2; "career change" 

(List 1), "thief at a hotel" (List 2) in Session 3; "explosion at a cinema" (List 1), 

"looking for a job" (List 2) in Session 4; "football hooligans" (List 1), "kidnap" (List 2) 

in Session 5 and "bank robbery" (List 1), "dinner party" (List 2) in Session 6 (see 

Appendix VIII). The alternative list pairs were tape-recorded at a rate of 2 

seconds per list-item. The beginning and the end of each block were marked 

with a sound.

The subjects were tested individually in a quiet room. They were given written 

instructions describing the task. On each study-test-session of 6, for the primary 

task, subjects learned 2 alternative lists and, then, were asked to recall either the
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first list or the second list. The subjects were given 45 seconds to recall a list. 

The secondary task was again the four-choice-response task used in 

experiments 2, 3, and 6-8. The 24 subjects were divided into 3 groups for 3 

secondary task conditions: (1) the subjects in the control group performed only 

the primary task, (2) the encoding interference group learned the unrelated event 

lists as they were performing the secondary task, and (3) the retrieval 

interference group performed the secondary task while they were recalling the 

lists. The subjects were asked to give equal emphasis to both the primary and 

the secondary tasks.

The data obtained from this dual task experiment were examined for the 

followings: (1) correct-event-elements recalled: the number of elements recalled 

from a to-be-remembered list; (2) event-element-confusions: the number of 

elements recalled from alternative-incorrect-list; and (3) Extra-element-insertions: 

the number of elements which were not in the experimental lists, they were 

invented by the subjects at recall. In addition, correct responses and errors on 

the secondary task were examined.

6.3.2 Results

Correct-event-elements recalled

The mean number of items recalled from List 1 and List 2 and the corresponding 

standard deviations for the three attentional divisions groups are given in Table 

8.5. A 3(Groups/Secondary task conditions)x2(Lists/the first list versus the 

second list) MANOVA was applied to the data. Overall, MANOVA showed a 

significant main effect of the groups (F{2, 21)=7.83 , p <.01) but there was no
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significant main effect of the list types (List 1 versus List 2} (F(l,21)=1.67, 

p>.05). No significant GroupxList interaction was found (F(2,21)=0.11,p >.05). 

Further, separate analyses of variances (MANOVAs) were carried out to test the 

assumption that retrieval of unrelated event category lists would not be affected 

by the performance of the secondary task. These analyses revealed that the 

encoding interference group recalled significantly fewer event elements than the 

control group (F(1,14)= 15.02, p<.01) but, as expected, there was no significant 

difference between the retrieval interference group and the control group 

(F(1,14)=.41,p>.05).

TABLE 8.5. Mean performance on List 1, List 2 and the corresponding 
standard deviations as a function of the secondary task load

Measures
List

M
1
SD

List
M

2
SD

Correct-event-elements recalled
Encoding Interference Group 5.62 2.00 4.95 1.75
Retrieval Interference Group 8.29 2. 08 8.04 2.13
Control Group 9.16 2.34 8.54 2.47

Event-element-confusion
Encoding Interference Group 0.37 0.38 0.58 0.35
Retrieval Interference Group 0.67 0.25 0.54 0.40
Control Group 0.58 0.35 0.42 0.43

Extra-element-insertion
Encoding Interference Group 0.75 0.43 0.62 0.65
Retrieval Interference Group 0.67 0.56 0.50 0.31
Control Group 0.33 0.36 0.29 0.42

Event-element-confusions

The mean number of event element confusions exhibited during the recall of List 

1 and List 2 and the corresponding standard deviations as a function of the 

secondary task load are given in Table 8.5. A 3(Groups/Secondary task 

conditions)x2(Lists/the first list versus the second list) MANOVA showed that
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there was no significant main effect of the groups or the list type (List 1 versus 

List 2) (F(2, 21)= .42, p>.05; (F(1,21)=.10, p>.05 respectively).

Extra-element-insertions

The mean number of extra-element-insertions exhibited during the recall of List 1 

and List 2 and the corresponding standard deviations as a function of the 

secondary task load are given in Table 8.5. A 3(Groups/Secondary task 

conditions)x2(Lists/the first list versus the second list) MANOVA showed that 

there was no main effect of the groups or the list types on the extra-element- 

insertions (F(2,21)=2.14, p>.05; F(1,21)=0.91, p>.05 respectively).

Performance of the secondary task was also examined. As the list items were 

tape recorded at a rate of 2 sec per item, the duration of encoding of a list which 

contained 15 items was 30 sec whereas the duration of retrieval of a list was 45 

sec. Therefore, the number of correct responses and errors produced at 

encoding and that at retrieval were divided by the corresponding duration time 

(30 in the case of encoding, 45 in the case of retrieval) before the data were 

analyzed. In the encoding interference condition correct response rate was .77 

per sec during the encoding of List 1 at a study-trial and .75 during the learning 

of List 2. In the retrieval interference condition the correct response rate was .65 

at the recall of List 1 at a test-trial and .65 at List-2-recall. A 2(Groups/Secondary 

task conditions)x2(LisVthe first list versus the second list) MANOVA was applied 

to the data to examine if performance of the secondary task at encoding differed 

from that at retrieval. No significant main effect of the groups or the list type was 

found (F(1,14)=2.13, p >.05; F(1,14)=.13, p>.05, respectively). The errors on the 

secondary task were also examined. The results showed that in the encoding
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interference condition the error rate was .08 during the encoding of List 1 and 

.06 of List 2. In the retrieval interference condition the error rate was .05 at List- 

1-recall and .07 at List-2-recall. A 2(Groups/Secondary task conditions)x2(List/the 

first list versus the second list) MANOVA was applied to the data. MANOVA 

revealed that there was no significant main effect of the groups or the list type 

(F(1,14)=.21, p >.05; F{1,14)=.01, p>.05 respectively).

8.3.3 Discussion

The present results showed that the subjects in the retrieval interference 

condition recalled virtually the same number of elements of an event presented 

in a list as the subjects in the control condition but encoding of the lists was 

interfered by the secondary task. In addition, both the encoding interference and 

the retrieval interference conditions did not produce significantly greater amount 

of event-element confusions than the control condition. The lack of intrusion 

errors and the fact that there was no secondary task effect at retrieval indicated 

that event categories each presented in a separate list in the two alternative list 

differentiation task were distinguished well. If elements of an event category 

were not related to each other or if they were associated with the elements of 

the other event category presented in a second list in the two alternative list 

differentiation paradigm then event element insertions from the alternative 

incorrect list would have been observed in recall performance in the present 

experiment. Thus, the assumption that the elements of each of the 12 event 

categories are related through an event concept was supported by the present 

findings.

As pointed out earlier Experiment 10 constitutes a control experiment for the
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next one. Therefore, after Experiment 11 is reported in the following section, the 

implications of the results of the present experiment will be further discussed.

8.4 Experiment 11

As it was discussed in Chapter 1 and in the introduction to this chapter, a 

neuropsychological phenomenon, confabulation, has been viewed as a problem 

of supervisory retrieval control which is associated with a failure in retrieval 

description/specification or verification processing (Burgess and Shallice, 1996). 

It was suggested that minor examples of supervisory verification failure can be 

observed in normal retrieval of events but erroneous accounts of events are 

found to be quite rare in normal retrieval due to the efficient supervisory retrieval 

control (Burgess and Shallice, 1996). In line with this view, the results of a pilot 

study, reported at the outset of this chapter, showed that subjects rarely 

confuse elements (e.g. people, places) of similar events (short films) watched on 

the video. The present experiment aimed to demonstrate supervisory verification 

failure in free-recall of event elements by means of interfering with this efficient 

supervisory control operations in a dual task design.

As stated earlier, the present experiment used the event categories made by 

breaking common event scripts such as burglary into its elements. In the 

previous experiment which aimed to show that elements of an event category 

are associated each other, the elements of each event category were presented 

as a group in a list and, it was assumed that the task used in that experiment 

would not demand supervisory verification processes. The results of the 

previous experiment showing virtually no errors were consisted with this 

assumption. In contrast, in the present experiment, in order for performance of
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the task of recall of event elements to require a substantial amount of verification 

processes, the elements of an event category were divided into two alternative 

lists in which they were mixed with items from another event category. The 

present experiment employs six sets of such two alternative mixed event 

element lists which were used in the preliminary study, Experiment 9, reported 

in Section 8.1. It is predicted that the recall of one of the two alternative lists 

which contain different elements of the same event would require monitoring 

and rejecting of the possible event-element-intrusions from the other list. It is 

expected that the secondary task interference with this kind of retrieval control 

operations will lead to event element confusions. On the other hand, when there 

is no secondary task interference (the control condition), supervisory control 

(verification processes) is expected to prevent subjects from producing incorrect- 

event-elements.

8.4.1 Method

Subjects

24 students (12 females and 12 males) participated in the dual task experiment. 

The subjects were undergraduate or postgraduate students at University of 

London and paid for their contributions.

Design

The experiment used a mixed design with one between and one within subject 

variables. The between subject variable consisted of three different secondary 

task conditions (an encoding interference, a retrieval interference and a control
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groups) and the within subject variable was List type (List 1 versus List 2). 

Materials and procedure

The procedure of Experiment 11 was the same as that of Experiment 10. The 

only difference between the two experiments was that, instead of the lists each 

containing elements of one event category, Experiment 11 employed the mixed 

event element lists used in Experiment 9. So, each of the two alternative lists on 

a study-test-trial contained 15 elements, 7 elements from one event category, 8 

from the other. The assignment of the elements to either of the lists was 

random. The alternative list pairs were tape-recorded at a rate of 2 seconds per 

list-item. The beginning and the end of each block were marked with a sound.

The secondary task was the four-choice-response task used in the previous 

experiment. The 24 subjects were divided into 3 groups for 3 secondary task 

conditions: (1) the subjects in the control group performed only the primary task, 

(2) the encoding interference group learned the mixed event element lists as 

they were performing the secondary task, and (3) the retrieval interference group 

performed the secondary task while they were recalling the lists. The subjects 

were asked to give equal emphasis to both the primary and the secondary tasks.

The data obtained from this dual task experiment were examined for the 

followings: (1) correct-event-elements recalled: the number of elements recalled 

from a to-be-remembered list; (2) event-element-confusions: the number of 

elements recalled from an alternative-incorrect-list; and (3) Extra-element- 

insertions: the number of elements which were not in the experimental lists, 

they were invented by the subjects at recall. In addition, correct responses and
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errors on the secondary task were exannined.

8.4.2 Results

Correct-event-elements recalled

The mean number of items recalled on the first lists and the second lists and the 

corresponding standard deviations as a function of the secondary task load are 

given in Table 8.6. The results of the dual task study were analyzed by using a 

3(Groups/Secondary task conditions)x2(List/the first list versus the second list) 

MANOVA. The analysis showed a significant main effect of the groups (F(2, 21)= 

21.8, p<.001) but there was no significant main effect of List type (first list vs 

second list) (F(1,21)=0.12, p>.05). A significant GroupxList interaction was found 

(F(2,21)=4.41, p<.05). Post hoc tests (Dunnett's test for comparing all conditions 

with a control) were carried out in order to analyze the data further. For the first 

lists, both the amount recalled by the encoding interference group (M = 2.17) 

and by the retrieval interference group (M = 3.63) differed significantly from the 

amount recalled by the control group (M = 5.25), (the Dun nett tests: ps<.05). On 

the second lists, both the encoding (M = 3.21) and the retrieval interference 

groups (M = 2.75) were again significantly different from the control group (M = 

4.79), (the Dunnett tests: ps<.05).
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TABLE 8.6. Mean Performance on the first and the second
lists as a function of the secondary task load

Measures
First
M

list
SD

Second
M

list
SD

correct-event-elements :recalled
Encoding Group 2.17 1.44 3.21 0.89
Retrieval Group 3.63 0.82 2.75 0.91
Control Group 5.25 0.50 4.79 1.22

event-element-confusion
Encoding Group 1.46 0.87 2.08 1.15
Retrieval Group 1.42 0.56 2.04 0.82
Control Group 0.50 0.25 0.92 0.34

extra-element-insertion
Encoding Group 0.17 0.47 0.58 0.46
Retrieval Group 0.54 0.47 0.50 0.43
Control Group 0.75 0.97 0.25 0.46

Event-element-confusions

The mean number of event element confusions in the recall of the first lists and 

the second lists and the corresponding standard deviations for the three groups 

are given in Table 8.6. A 3(Groups/Secondary task conditions)x2{List/the first list 

versus the second list) MANOVA showed that there were significant main 

effects of the groups and List (first list vs second list) (F(2, 21)= 6.49, p<.01; 

(F(1,21)=19.13, p<.001 respectively). Post hoc tests (Dunnett's test for 

comparing all conditions with a control) were carried out in order to analyze the 

data further. On the first list study position, both the encoding interference group 

(M = 1.46) and the retrieval interference group (M = 1.42) produced more event- 

element confusions than the control group (M = .50), (the Dunnett tests: 

ps<.05). On the second lists, both the encoding (M = 2.08) and the retrieval 

groups (M = 2.04) produced more event-element confusions than the control 

group (M = 0.92), (the Dunnett tests: ps<.05).
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Extra-element-insertions

The mean number of extra-element-insertions in the recall of the first lists and 

the second lists and the corresponding standard deviations for the three groups 

are given in Table 8.6. A 3(Groups/Secondary task conditions)x2(List/the first list 

versus the second list) MANOVA showed that there was no main effect of 

Group or List on the extra-element-insertion (F(2,21)=0.18, p>.05; F(1,21)=0.17, 

p>.05 respectively).

Performance of the secondary task was also examined. As the list items were 

tape recorded at a rate of 2 sec per item, the duration of encoding of a list which 

contained 15 items was 30 sec whereas the duration of retrieval of a list was 45 

sec. Therefore, the number of correct responses and errors produced at 

encoding and that at retrieval were divided by the corresponding duration time 

(30 in the case of encoding, 45 in the case of retrieval) before the data were 

analyzed. In the encoding interference condition correct response rate was .78 

per sec during the encoding of List 1 at a study-trial and .77 during the learning 

of List 2. In the retrieval interference condition the correct response rate was .69 

at the recall of List 1 at a test-trial and .66 at List-2-recall. An analysis of variance 

(MANOVA) was applied to the data to examine if performance of the secondary 

task at encoding differed from that at retrieval. No significant main effect of the 

groups or the list type was found (F(1,14)=1.62, p >.05; F(1,14)=1.61, p>.05, 

respectively). The errors on the secondary task were also examined. The results 

showed that in the encoding interference condition the error rate was .05 during 

the encoding of List 1 and .06 of List 2. In the retrieval interference condition the 

error rate was .06 at List-1-recall and .04 at List-2-recall. An analysis of variance
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(MANOVA) was applied to the data. The MANOVA revealed that there was no 

significant main effect of the groups or the list type (F(1,14)=.03, p >.05; 

F(1,14)=.42, p>.05 respectively).

Experiment 10 versus Experiment 11

The present data were compared with the data from Experiment 10 in order to 

see if the manipulation of the task of recall of event category lists lead to a 

significant difference in recall performance. An analysis of variance (MANOVA) 

was applied to the correct word recall data. MANOVA showed that the present 

data differed significantly from the data from Experiment 10 (F(1,42)=76.03, 

p<.001). The main effect of the dual task conditions was also significant 

(F(2,42)=15.4, p<.001). There was a significant interaction between the factor of 

the two-experiments and that of the dual task conditions (F(2,42)=3.16, p=.05). 

Similarly, on the measure of event element confusion, a MANOVA showed that 

the present data significantly differed from the data from Experiment 10 

(F(1,42)=27.95, p<.001) and the main effect of the dual task conditions was also 

significant (F(2,42)=4.31, p=.02). There was a significant interaction between the 

factor of the two-experiments and that of the dual task conditions (F(2,42)=3.47, 

p=.04).

Separate analyses of variances (MANOVAs) were carried out to compare the 

dual task conditions of the two experiments. The control condition of Experiment 

10 exhibited better correct recall than that of Experiment 11 (F(1,14)=21.15, 

p<.001). On the other hand, the control conditions of the two experiments both 

produced very few event element confusions, they did not differ from each 

other in the amount of the errors they produced (F(1,14)=2.77, p>.05). Next, the
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encoding interference condition of Experiment 10 significantly differed from that 

of Experiment 11 (correct recall: F(1,14}=22.6, p<.001; event-element-confusion: 

F(1,14)=12.87, p<.01). Finally, the retrieval interference group of Experiment 10 

recalled significantly more event elements than that of Experiment 11 

(F(1,14)=42.56, p<.001) and the event element confusion was significantly lower 

in the retrieval interference condition of Experiment 10 than in that of 

Experiment 11 (F(1,14)=23.11, p<.001).

8.4.3 Discussion

The present results are a clear contrast to the pattern of the results obtained in 

Experiment 10. The secondary task and the dual task procedure in the two 

experiments were the same. The only task manipulation was that elements of 

event categories were presented in separate lists in a blocked fashion in 

Experiment 10 whereas the present experiment used mixed event-element lists. 

What can this contrast between Experiment 10 and Experiment 11 say about 

the structure of the event categories and whether or not them being detected 

by the subjects?. Overall, Experiment 11 produced a dramatically lower 

performance than the performance in Experiment 10 and unlike the results of 

Experiment 10, the results of Experiment 11 showed a secondary task effect on 

correct word recall. It should be noted that similar to experiments 1 and 2, 

reported in Chapter 3, Experiment 11 employed lists each of which contained 

items from two categories (object categories such as animals in experiments 1 

and 2; event categories in Experiment 11). In contrast to the results of 

Experiment 11, the results of experiments 1 and 2 had shown that recall of lists 

with two categories was not affected by performance of a secondary task. 

However, the major difference between the designs of these experiments is
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that, unlike experiments 1 and 2, Experiment 11 had a list differentiation design. 

Experiment 10 also had a list differentiation design but the lists to be 

differentiated in this experiment were unrelated.

Taking the above considerations together, it can be argued that overall the low 

performance observed in Experiment 11 relative to Experiment 10 implies that 

the subjects in Experiment 11 had a difficulty in distinguishing the two related 

event element lists and the secondary task deficit found in Experiment 11 

suggests that the subjects had more difficulty in differentiating the lists in the 

presence of the secondary task than in the absence of it. Thus, this difficulty in 

differentiating two related event element lists in Experiment 11 when compared 

with the relatively high differentiation of unrelated lists in Experiment 10 

suggests that the subjects in Experiment 11 detected the event categories. The 

pattern of the intrusion error results also supports the suggestion that the 

subjects in Experiment 11 detected the event categories and had a difficulty in 

distinguishing the two lists each containing half of the elements of an event. In 

contrast to the lack of intrusion errors across the conditions in Experiment 10, 

the retrieval interference group in Experiment 11 produced more explicit errors 

than the control group. This indicates that the subjects in the control condition in 

Experiment 11 were able to reject event element intrusions from the alternative 

list not to be recalled. The finding that the inter-list-intrusions only obtained in 

Experiment 11 where the elements of an event divided between the alternative 

lists supports the assumption that the elements of each event category are 

strongly associated with each other.

To establish a strong case to support the assumption that the elements of each 

event category are related through an event concept was not the main objective
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of the present research but is important because all the arguments which will be 

put forward below to interpret the results of Experiment 11 will rely on this 

assumption.

The main objective of Experiment 11 was to simulate confabulation in normal 

retrieval of events by interfering with supervisory control, specifically monitoring 

and verification functions of supervisory systems in dual task paradigm. The 

subjects were asked to differentiate two alternative lists each containing half of 

the elements of a well known event (e.g. burglary). The results of Experiment 11 

showed that the secondary task interference with recall of the event element 

lists leads to event-element-confusions (event-element-intrusion errors) and at 

the same time the number of event elements correctly recalled declines.

These results will be interpreted by using the Burgess and Shallice model (1996). 

Burgess and Shallice argued that when subjects are asked to recall specific 

events, general event representations are retrieved which may lead to insertions 

of incorrect event elements from other event experiences. In their 

autobiographical study, Burgess and Shallice showed that this kind of incorrect 

insertions-occur at a low rate in normal subjects and concluded that the dramatic 

form of incorrect element insertions observed in confabulating patients indicates 

a particular impairment in memory processing systems of the patients. 

According to Burgess and Shallice, one possibility is that this impairment is in the 

retrieval description operations and that the patients use too broad descriptions 

to access their memories, because they have a damaged supervisory system 

which is responsible for these particular strategic retrieval processes (specific 

description).
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This line of argument can be extended to provide an account for the present data 

pattern. It can be argued that the subjects who were asked to perform a 

secondary task at retrieval, did not have enough time to form a specific 

description and have to use a broad one like the confabulating patients. As 

suggested by Burgess and Shallice (1996), a broad description activates different 

memory experiences, in the present case the event elements from the two 

different event lists rather than a specific one. These event elements are then 

subject to the supervisory verification operations but, as suggested by Norman 

and Bobrow (1979), the verification criteria is formed through retrieval 

description. That is the broader the description is, the broader the verification 

criteria will become too, which would increase the chance of an inappropriate 

item fitting the criteria. This argument can account for the event-element- 

confusion found in the performance of the retrieval interference group.

The results of Experiment 11 also showed that the subjects who performed the 

secondary task during the encoding stage also produced event element 

confusions. Indeed, there was no significant difference between the 

performance of the encoding and the retrieval interference groups on the 

primary task, nor on the secondary task. On the primary task, the erroneous 

memories of the subjects in the encoding interference group cannot be 

explained by the disruption to the subjects' ability to form a good description at 

retrieval since the secondary task was not present at retrieval but at encoding. 

The errors in this group can be explained by combining the encoding specificity 

principle (Tulving, 1979) with the Norman & Bobrow (1979) retrieval model. The 

effectiveness of a target description formed at retrieval does not just depend on 

retrieval conditions but it also depends on how distinctive the information 

encoded about the target is. What is stored about the target is later used in
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forming a retrieval description. Therefore, it can be argued that, in the present 

design, the secondary task interference with the encoding prevented the 

subjects from encoding the event elements in a way that they can be 

distinguished at retrieval. When it is considered that the encoding of the event 

elements in a particular list was under the influence of the general event 

schemas in mind (Mandler, 1984), it is likely that the event elements are 

encoded in relation to the relevant general event in a broad sense. 

Consequently, the retrieval description formed by the encoding interference 

group was confined to this broad information which led to the retrieval failure 

similar to the one the subjects in the retrieval interference group experienced. 

This line of argument raises a question about the locus of the damage in the 

operation of the memory of confabulating patients. Although Burgess and 

Shallice (1996) focused on the retrieval processing stages in explaining 

confabulations, they actually saw the damage in the memory control processing 

systems (supervisory systems) which are not specific to retrieval. Thus, the 

damage in the confabulating patients can be a global one involving different 

kinds of supervisory processes at encoding and at retrieval.

The results of Experiment 11 showed that interference with the above 

mentioned supervisory operations also led to a cost in the number of event 

elements recalled correctly. It should be also noted that the rate of extra-event 

element insertions was very low. This confirms that the subjects were unable to 

verify items that had been retrieved from an incorrect list; they were not simply 

making up event elements.

The contrast between Experiment 10 and Experiment 11 in the measure of 

event element confusions may be attributed to floor effect in Experiment 11
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where correct recall was relatively low. Some may argue that there was no floor 

effect in Experiment 10 because the correct recall was high; therefore no errors 

were found. That is, it can be argued that the subjects in Experiment 11 were 

able to remember only few event elements. Consequently, they felt a need to 

say few more items and said the wrong items came to their mind. However, this 

argument appears to be groundless when one looks closely at the pattern of the 

data obtained in the two experiments. First, overall recall performance in 

Experiment 11 was quite low, even in the control condition, which was free from 

a secondary task interference; only about one third of fifteen items per list was 

recalled. Despite this low rate of correct recall, event element confusion was 

nearly none in the control condition. Second, unlike the retrieval interference 

condition, the encoding interference condition in Experiment 10 led to 

significantly lower rate of correct recall than the control condition, yet there were 

virtually no errors in the encoding interference condition in Experiment 10. This 

contrasts with the encoding interference condition in Experiment 11 which 

produced a substantial amount of event-element confusions although had a low 

rate of correct recall. These observations are not consistent with the argument 

that event element confusions are complement of low rate of correct recall.

Can the event element confusions in the results of Experiment 11 be interpreted 

by using any other theories or general principles of memory other than the 

Burgess and Shallice (1996) model?. There are interference theories which were 

used to interpret the results of A-B A-C paradigm studies, as discussed in 

chapters 5 to 7. The response competition theory of interference argued that the 

intrusion errors from one list to another are due to the response competition that 

occurs at the time of testing (McGeoch,1932). So, can the errors, event element 

confusions, observed in the present experiment be explained with response
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competition between memory traces of items of event category lists without 

any regard to higher order processes or systems?. This question does not have a 

straight forward answer. It should be noted that the competition theory 

assumed that the response competition between B and C items occurs because 

both B and C are associated with A items which are given as cues in A-B A-C 

experiments (Gordon, 1989). The present experiment did not have an A-B A-C 

design. So in order to apply this theory to the present experimental situation a 

new assumption should be made. As the alternative list pairs contained 

elements of the same event in the present experiment it can be assumed that 

associations exist among these elements, therefore, they are likely to compete 

with each other at recall. According to the competition theory the idea of 

response competition relies on memory strength of items in that the most 

recently learned items, second list items, are more available for recall than first 

list items; and the theory assumed that the second list items are likely to occur 

as intrusive errors at the recall of the first list (Gordon, 1989). In contrast, the 

position favoured in this chapter assumes that the recall in the present 

experimental conditions involves higher level processes, supervisory processes, 

such as retrieval description and verification processes of appropriate event 

elements.

Another important point must be made in considering whether or not the 

competition theory can explain the present data is that, as far as the present 

research undertaken is concerned, the competition theory has not been 

discussed with respect to dual task methodology which was employed by the 

present experiment. The present results showed that errors, event element 

confusions, were rare in the control condition while there was an increase in 

errors in dual task conditions. How can the interference theory account for this
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pattern of results?. If, as the theory assumed, there was response competition 

at retrieval dominated by recently learned items, second list items, and no 

verification processes were operating; one would expect to see more event 

element intrusions from the second list at the first list recall than at the second 

list recall in the control condition. The present results did not fit with this 

prediction. Moreover, without any reference to verification processes there 

seems to be no other way to explain this increase in event element intrusions 

with the secondary task interference. The scarcity of errors in the control 

condition indicates that the inappropriate responses were monitored and 

prevented from being produced overtly at testing. Thus, the competition theory 

does not seem to fit well with the present results.

A more recent interference theory, the response set competition theory, 

suggested that recall of A-B A-C lists involves a response selector mechanism 

instead of simple competition between alternative responses (Wingfield and 

Byrnes, 1981). It was argued that this response selector mechanism had a sort 

of attentional component which helped subjects to switch the response selector 

from one list to another (Gordon, 1989). However, the response selector 

mechanism was not seen as a higher level system which has a voluntary 

attentional control over retrieval operations. Instead, it was thought that the 

mechanism remains focused on a given set of responses for a period of time 

and to switch the mechanism to another response set is extremely difficult
Ç.oWou)S

(Gordon, 1989). Thi» followod that in A-B A-C paradigm the response selector 

mechanism stays focus on the last list, A-C list, and this temporarily disables the 

recall of A-B list at the time of testing (Gordon, 1989). This view of a temporary 

delay in accessing A-B list would not offer any better explanation than what the 

early interference theories offered for understanding of recall performance in list
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differentiation paradigm. This is because the earlier interference theories and the 

response selector mechanism view both claimed that recall in A-B A-C paradigm 

was dominated by recently learned A-C list; only difference is that the latter 

interference theory thought that this is due to an involuntary attentional focus on 

A-C list while the former interference theory argued that it is due to memory 

strength of the list (Wingfield and Byrnes, 1981; Gordon, 1989).

In seeking for an alternative theory to the Burgess & Shallice (1996) model 

favoured here to interpret the present results, another theory which will be 

considered is stimulus sampling theory (SSI). This is a very broad theory 

suggesting a set of basic assumptions and processes which can be applied to 

specific problems (Kintsch, 1970). The theory is based on connectionist idea of 

stimulus response (S-R) associations (Kintsch, 1970) but unlike some other S-R 

theories which saw S-R connections as automatically strengthened associations, 

SST assumes that encoding involve more complex processes than simple S-R 

conditioning. A basic assumption of the theory is that subjects perceive an 

encoding situation as stimulus patterns and form several S-R connections in a 

strategic way which involves stimulus selection processes. The theory also 

suggests that recall performance depends on the number of stimulus patterns 

connected with correct response (Kintsch, 1970). However, what would be the 

nature of stimulus patterns or how stimuli would be sampled depends on details 

of experimental conditions such as particular instructions. SST theory suggests 

only some common principles, so it is open to modifications and it tends to 

complement other theories rather than conflict with them (Kintsch, 1970). For 

example. Bower (1972) combined the ideas of SST with Martin's (1968) 

encoding variability and discussed how this combination of ideas can be applied 

to different mnemonic phenomena such as recognition memory.
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Thus, whether or not SST can explain the present results better than any of the 

other theories discussed above is not an issue here. Instead, the question is this: 

How can SST be incorporated into the present position which holds that the 

event elements divided between two separate lists were learned and recalled 

under the influence of general event schemas?. SST assumes that experimental 

stimuli are perceived as stimulus patterns (Kintsch, 1970). It was suggested that 

if some items of a list to be learned can be related to each other in someway, 

the items within that list are encoded as patterns. So the patterns can be viewed 

as a group of related items connected to each other through associative links. In 

the same way the present position assumed that elements of an event category 

presented randomly in a list are linked through the relevant event concept at 

encoding. Another parallel between SST and the present position is this: SST 

suggests that, if two stimuli are encoded in the same way, the two stimuli 

cannot be easily discriminated which may lead to errors (Kintsch, 1970). This idea 

of encoding conditions (i.e. encoding of two stimuli in the same way) influencing 

later recall performance is parallel with a general principle of memory, encoding 

specificity principle. In essence, as stated earlier in this discussion section, a 

combination of the encoding specificity principle with the Norman & Bobrow's 

(1979) retrieval model was used to interpret the event element confusions found 

in the encoding interference condition. Thus, the views of SST and the present 

position are again in convergence through the encoding specificity principle.

In sum, all the above considerations of the different views that were used to 

interpret the present results showed that some parallels can be drawn between 

these views and the present position. However, the present position which was 

a mixture of the ideas of the Burgess & Shallice (1996) model, Norman &
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Bobrow's (1979) model and the encoding specificity view (Tulving, 1983) seems 

to offer the best detailed explanation for understanding of the pattern of the 

results obtained in the present experiment.

As a final point, the present design, that is the use of event elements in a similar 

way to the object category items used in the experiments reported in the 

previous chapters, may allow a comparison between the object categories and 

the event categories. However, it must be noted that, apart from the material 

used, the list differentiation task used in Experiment 11 is different from the 

previous list differentiation task used in experiments 4 to 8 reported in chapters 

5 to 7, the A-B A-C task, in two other aspects. First, the task of the recall of 

event elements requires free-recall, whereas the A-B A-C task required cued- 

recall. Second, in the A-B A-C task there were 15 object categories, each having 

two items, between two alternative lists; whereas, in the present research, two 

alternative event element lists contain groups of items from two event 

categories. These differences between the designs prevent a comparison of the 

mean number of items recalled in the different experiments, which would have 

shown if the secondary task had a different impact on the recall of the event 

categories. The present research was not set up to make such comparisons. 

However, one contribution of the use of event elements in a similar way to the 

object category items is this; Researchers interested in memory and retrieval 

may find that it is easier to use object categories. This is because a research into 

event memory can usually mean handling of large passages (e.g. stories) or 

retrieval statements of subjects which may contain variety of information about 

an event. The experiments reported in this chapter showed that event 

categories can be used as easily as the object categories.
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CHAPTER NINE

GENERAL DISCUSSION
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9.1 Introduction

The aim of this thesis was to examine, what is called in this thesis, supervisory 

functioning at encoding and retrieval of some memory tasks by means of 

interfering with supervisory processes in different dual task designs and also by 

means of manipulating the demands of the memory tasks by making some 

changes on the structure of the tasks (e.g. using lists with different number of 

categories in categorized list recall task). In this thesis the supervisory systems 

are seen as higher order systems which are involved in consciously controlled 

processes both at encoding and retrieval and are susceptible to non-structurally 

based interference from secondary tasks, as previously argued by some authors 

(Moscovitch, 1994a). Eleven experiments reported in this thesis attempted to 

produce detailed accounts of the functionally separable cognitive processes that 

operate in three different memory tasks, namely free recall of categorized lists, 

cued recall of A-B A-C lists and free recall of event element lists.

In this chapter, the summary of the eleven experiments is first presented in 

Section 9.2. Next, the implications of the results of the experiments with respect 

to the theories of supervisory systems are discussed. After that, dual task deficit 

and its implications are addressed. Then, the processing requirements of two 

memory stages, encoding and retrieval, are compared in light of the present 

data. Finally, the theoretical implications of Experiment 11 with respect to the 

retrieval of events and confabulations are discussed.

There are two main problems that can be raised against the findings of the 

present research: One is related to the theoretical approach used in interpreting 

the results of the experiments. The second problem is a methodological issue
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concerning the use of dual task paradigms. These two issues are addressed later 

in this chapter.

9.2 Summary o f The Experiments

9.2.1 Experiment 1 and 2

Experiments 1 and 2, reported in Chapter 3, examined supervisory operations in 

free recall of categorized lists. Moscovitch (1992ab) argued that recall of the 

categorized list would require higher order systems (supervisory systems) but he 

did not explain the nature of this requirement or at which stages of memory 

(encoding, retrieval, or both) the higher order system involvement would be 

necessary. In this thesis, two types of processes -one at encoding one at 

retrieval- were identified as supervisory operations: (1) memory organization 

processes, organization of the list items into two or more conceptual categories, 

at encoding and (2) at retrieval two level search processes where category labels 

are searched and used as conceptual mediators to access category items 

(Watkins, 1979; Wingfield and Byrnes, 1981). These processes were examined 

in a dual task design with the presumption that performance of a secondary task 

would interfere with these strategic supervisory processes. The results of the 

two experiments showed that there was a secondary task effect at encoding, 

but not at retrieval as found for other memory tasks e.g. Baddeley et al (1984). It 

was concluded that encoding demands supervisory operations but, at least in 

this particular experimental design which included lists with two categories, the 

supervisory involvement at the retrieval of the categorized lists was small.

Experiments 1 and 2 also examined the possible verification processes that have
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been suggested to be one aspect of supervisory control of retrieval (Shallice, 

1988). It was considered that the categorized list recall task in the way it was 

used in the literature, did not strongly involve verification processes. Therefore, 

an additional feature was added to the task used in experiments 1 and 2: the 

category words were distributed across the experimental lists in a (1 1 1 1 4/6)- 

pattern in Experiment 1 and in a (1 1 1 1 6)-pattern in Experiment 2; the four Is 

correspond the four single elements and 4/6 or 6 corresponds to a group of 

elements (4 or 6 in Experiment 1 and 6 in Experiment 2) of the same category in 

the following 5th list. It was assumed that in recall of a categorized list, a 

category name is used by the subject as a cue to activate elements of the 

category in memory store and, therefore, it was predicted that, at retrieval, a 

category-name-cue would not only activate the group of category elements in a 

to-be-recalled list but also the 4 single elements of the same category presented 

in the prior 4 lists. Consequently, it was thought that supervisory verification 

processes would be required to distinguish the 4 items in the previous lists from 

the present-list-items in this particular categorized list recall task. Therefore, it 

was argued that, in a dual task design, any supervisory verification operations 

would be impaired by a secondary task.

Clearly this argument depended on the assumption that the 4 previous list 

elements will get activated by the same category cue as the group of items in 

the 5th list. These assumptions were not supported by the results of either of 

the two experiments which showed that the presence of the secondary task did 

not lead to an increase in the intrusion of category items from one list to another. 

It was thought that there could be at least two possible explanations for these 

results. One is that during retrieval, where category labels are used as cues, the 

single items presented in prior lists are not activated strongly enough to

226



compete effectively with the group of the same category items in the to-be- 

remembered list. Thus, it may be that the task does not require verification 

operations as anticipated when designing the two experiments. The other 

possibility is that the basic assumptions concerning dual task processing and 

verification processes were incorrect.

9.2.2 Experiment 3

Experiments 1 and 2 failed to show a secondary task effect on recall. This 

suggested that the retrieval processes of categorized lists might be largely 

automatic processes as previously assumed by Baddeley et al (1984). Another 

possibility was that the role of supervisory systems in the retrieval of categorized 

lists is confined to search for or generation of category names which are used to 

activate the category items in a previously learned list. So it was hypothesized 

that recall of categorized lists requires two types of mental operations: (1) the 

supervisory process of generation of category names and (2) a rather automatic 

process of activation of category items by the category names generated. 

Therefore, it was speculated that since the lists contained items from only two 

categories in experiments 1 and 2, the task with 2 category lists might not 

require the supervisory system functioning much. This speculation and the 

hypothesis concerning the two types of mental operations were explored in 

Experiment 3, reported in Chapter 4. In order to increase the involvement of the 

supervisory systems in the recall of categorized lists. Experiment 3 employed 

lists with 4 categories and 6 categories as well as lists with 2 categories. The 

results of Experiment 3 showed that the secondary task did not interfere with 

the recall of 2-category lists as was the case in experiments 1 and 2 which also 

used lists with two categories. However, Experiment 3 produced a clear effect

227



on recall of lists with four categories and six categories. In addition, the results of 

Experiment 3 showed that the number of different categories recalled 

decreased in the 4- and 6-category conditions with the presence of the 

secondary task. These findings indicated that the secondary task interferes with 

the supervisory process of search for category names, that is the ability to 

generate category names.

9.2.3 Experiment 4

Experiment 4, reported in Chapter 5, aimed to examine the kind of supervisory 

control processes which are assumed to involve monitoring and inhibiting overt 

recall of inappropriate words, the functions that are associated with the 

verification component of Norman and Bobrow's (1979) retrieval model. As 

reported in Section 9.2.1, the first attempt to create a dual task environment 

which would lead to list-intrusion errors was not successful. Experiment 4 

employed an A-B A-C list differentiation task where subjects learned two paired 

associate lists, because it had been suggested that the retrieval processes that 

operate in A-B A-C list differentiation tasks involve verifying the paired associate 

items that had been retrieved and rejecting items when they are incorrect 

(Bower, 1972). It was suggested that the working of verification processes can 

be observed in situations where errors occur (Kintsch, 1970). However, it has 

been observed that, in general, overt intrusions are quite rare in recall of A-B, A-C 

lists (Wingfield and Byrnes, 1981). The lack of errors in recall of A-B A-C lists can 

be attributed to supervisory control processes, especially verification processes 

which prevent errors from occurring. Therefore, it was predicted that if the 

supervisory verification processes are interfered by a secondary task, errors can 

be observed. In line with this prediction, the results of Experiment 4 showed
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that the presence of the secondary task (a card-sorting task) at retrieval led to an 

increase in intrusion errors, which indicated that the supervisory verification 

processes were disrupted. In addition, there was a drop in the number of words 

correctly recalled which suggested that the secondary task also disabled the 

subjects' ability to obtain access to learned items in the memory store. 

However, the increased intrusion errors were confined to the C item recall. That 

is the number of errors (B intrusions) in the C-item-recall was superior than that 

in the B-item-recall. This provided some support for the Arkes and Lyons's (1979) 

suggestion that B-C forward associations are used during recall of C items and 

supported the prediction based on the Arkes & Lyons position (1979) concerning 

the differential retrieval processing of B and C that the recall of C item is more 

demanding than that of B item.

9.2.4 Experiment 5

Experiment 5, reported in Chapter 6, aimed to examine the supervisory 

operations involved in the encoding of A-B A-C lists. There are several theories 

(e.g. Burns's relational-specific processing theory, 1989) concerning the cognitive 

processes that operate at encoding of A-B A-C lists, which were discussed in 

Chapter 2 and 6 and it was concluded that most theories were not sufficient to 

account for the complex results of some A-B A-C studies. For example, Tulving 

& Watkins's study (1974) showed that when there was no immediate test of an 

A-B list, higher recall of B items compared to C items was observed but when 

subjects were tested on the A-B list immediately, the result was reversed; the 

recall of the C items was higher than that of the B items. On one theory, the 

mediational theory (Arkes and Lyons, 1979), which did not receive much 

attention from cognitive psychologists, it was suggested that a set of strategic
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mental operations for encoding of A-B, A-C lists would explain the results of the 

Tulving and Watkins (1974) study. The mediational theory suggested that when 

there is not an immediate test of an A-B list, subjects use the B items as 

mediators during A-C list learning, which leads to the superior recall of B 

compared to C. Experiment 5 attempted to find some support for this 

mediational theory by means of interfering with these strategic encoding 

processes in a dual task design.

It is predicted that the secondary task would interfere with learning of the B 

items at A-B learning and also disrupt the number of the B items that can be 

used as mediators at A-C learning, which would lead to a reduction in recall of B 

items and C items. The results of Experiment 5 were consistent with this 

prediction. However, when all the other theories concerning the A-B A-C 

paradigm were considered, it was thought that the results of Experiment 5 can 

also be interpreted in the context of one of the earlier views on A-B A-C 

paradigm, the response competition theory (McGeoch, 1932) which suggests 

that subjects use the same encoding strategy during learning of A-B lists and of 

A-C lists. That is that first B items are learned in relation to A and then A-C 

associations are formed independently from A-B associations. It was thought 

that the secondary task interference with these encoding processes would 

reduce relational learning of A-B on the prior list and then that of A-C on the 

second list which would result in a reduction in the number of B and C items 

recalled. Thus, Experiment 5 did not provide a clear support for the mediational 

theory but with respect to the retrieval of A-B A-C lists Experiment 5 replicated 

the main findings of Experiment 4.
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9.2.5 Experiments 6, 7 and 8

Experiments 6, 7 and 8, reported in Chapter 7, provided a second test of the 

mediational theory from the perspective of the use of a different dual task 

design. The three experiments used a design where the secondary task (a four 

choice response task) is performed either during the learning of B items or of the 

C items only. This is because it was considered that if B items are used as 

mediational links in learning of A-C list and this process facilitates learning of B, 

as suggested by the mediational theory (Arkes and Lyons, 1979), then an 

interference with learning of A-C lists should reduce recall of B items even 

though they are learned and recalled free from the secondary task. The 

alternative to the mediational theory, the response competition theory which 

suggests that A-C associations are acquired independently from A-B associations 

would not predict that an interference with learning of one of the two lists would 

influence the learning of the other list.

Each of the three experiments had a different feature in order to test the 

mediational theory from a different angle. Experiment 6 employed A-B A-C lists 

which consisted of category names as stimulus terms (A) and category instances 

as response terms (B or C). However Experiment 7 did not use category names 

as stimulus terms. In Experiment 7 the stimulus terms (A) were not related to 

the response terms (B or C) but the B and C items were the instances of the 

same category as in Experiment 6. The reason for using unrelated stimulus- 

response pairs in Experiment 7 was that it was considered that the associations 

between category names and their instances already exist in the mind. So, it 

was assumed that the use of unrelated stimulus-response pairs would create a 

more appropriate experimental environment for the use of the encoding strategy
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suggested by the response competition theory which holds that the two sets of 

associations (A-B associations and A-B associations) are acquired independently 

from each other. The results of Experiment 6 and Experiment 7 showed that, 

interference with the encoding of the A-C lists led to a substantial reduction in 

the number of B items recalled although the secondary task was not present 

during the encoding of the A-B lists. This indicated that the secondary task 

disrupted the retention of B items during the learning of the A-C lists and 

provided a clear support for the mediational theory. In addition, Arkes and Lyons 

(1979) had emphasized that the encoding strategy they suggested for A-B A-C 

paradigm would not be used in A-B D-C paradigm; that is B items are not used 

as mediators in learning of D-C list in the A-B D-C paradigm where the two 

alternative lists do not share stimulus terms (A, D). Therefore, it was predicted 

that if Experiment 6 or Experiment 7 had employed an A-B D-C paradigm instead 

of an A-B A-C paradigm, secondary task interference with learning of the second 

list (D-C) would not have influenced the recall of the first list learned free from 

the secondary task. Experiment 8 aimed to test this prediction. It had the same 

design as experiments 6 and 7 except that Experiment 8 used A-B D-C paradigm 

instead of an A-B A-C one. The results of Experiment 8 were as predicted. That 

is, the secondary task interference with learning of a D-C list did not influence 

the learning of the A-B list acquired in the absence of the secondary task. 

However, there was one limitation of Experiment 8 that the performance in the 

B-item-recall condition was fairly low.

9.2.6 Experiment 9, 10 and 11

Experiments 9, 10, and 11, reported in Chapter 8, used twelve event categories 

containing elements of common events (e.g. a burglary) as materials in the
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experimental lists. Experiments 9 and 10 were preliminary studies for 

Experiment 11. They were carried out in order to establish that elements of each 

event category are related through an event concept. In Experiment 9 a group of 

subjects was given an event element discrimination test. The results of 

Experiment 9 showed that a substantial number of elements of each event 

category can be distinguished from mixed event element lists. However, there 

were some short comings of this experiment. The major problem was that the 

experimental design and the way the materials were used in Experiment 9 were 

quite different from those of the main study, Experiment 11. For example, the 

mixed event element lists were used in a written form in Experiment 9 rather 

than the verbal form used in Experiment 11. So, a second preliminary study for 

Experiment 11 was carried out. Experiment 10 had the same dual task design 

and procedure as Experiment 11. The only difference between the two 

experiments was the structure of the experimental lists. Unlike experiments 9 

and 11 which used mixed event element lists, each consisted of elements of 

two well-known events, in Experiment 10 each experimental list contained all of 

the elements of an event category. So, the subjects in this experiment had to 

differentiate two unrelated event lists. It was argued that if elements of each 

event category presented in a list were strongly related, as the present research 

assumed, then the list differentiation task should demand very few or no 

verification processes and secondary task interference with recall of one of the 

two unrelated event lists should not produce intrusion errors. It was further 

argued that if the elements of an event were strongly associated through an 

event concept then once a subject decides which of the two event categories 

presented in a to-be-remembered list (the first list or the second list), activation 

of the event elements should be automatic and, therefore, recall of elements of 

the same event should not be affected by performance of the secondary task.
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These arguments were supported by the results of Experiment 10. Experiment 

11 attempted to simulate confabulation in normal retrieval by means of 

interfering with supervisory verification processes in recall of event element lists. 

Thus, in order for the task to demand supervisory verification processes, 

Experiment 11 had elements of two well known events mixed and divided into 

two alternative lists to be differentiated. Subjects were asked to free-recall one 

of the two related lists at a study-test-trial in dual and single task conditions. As it 

was summarized in Section 9.2.1, experiments 1 and 2 also employed lists 

containing items from two categories and showed no secondary task effect on 

recall of 2-category-lists. However, the primary task used in experiments 1 and 2 

was different from the one used in Experiment 11. Experiments 1 and 2 

employed the task of recall of categorized lists, whereas experiments 10 and 11 

both used a two-alternative-list differentiation task. In contrast to the results of 

Experiment 10 which used unrelated lists, the results of Experiment 11 showed 

that the subjects in the dual task condition had more difficulty in distinguishing 

two alternative-related lists, each of which containing half of the elements of an 

event, than the control group. In addition, it was found that the secondary task 

interference with recall in Experiment 11 led to insertion of event elements from 

incorrect event element lists. The results of Experiment 11 fitted well with the 

main aspects of the Burgess & Shallice (1996) model concerning the 

mechanisms of confabulation.

9.3 Supervisory Systems: Norman & Shallice's (1980) Model

When Norman and Shallice (1980) proposed the supervisory systems as higher 

order systems in the control of action, they suggested that the supervisory 

systems have two basic functions: to activate required schemas or inhibit
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inappropriate ones in the contention scheduling mechanisnns. Later, when the 

supervisory system approach was extended to memory control systems, these 

two different functions of the systems were not directly discussed in relation to 

memory. However, an inhibition function of the supervisory systems in a 

memory task was described by Baddeley (1986). In the application of the 

supervisory system model to the mechanisms that operate in the random letter 

generation task, mentioned the section 1.5 in Chapter 1, Baddeley pointed out 

that the function of the supervisory systems in this particular task, is to inhibit 

schemas which lead to the production of stereotyped letters (e.g. TV, XY). In the 

experiments reported in this thesis both the activation and the inhibition 

functions of the supervisory systems were manipulated in the different dual task 

designs. Therefore, attention will be drawn to the distinction between the 

supervisory processes which activate learned items and those which inhibit 

learned items in memory store.

For example, the strategic supervisory processes that operate in recall of 

categorized lists are the processes that generate category names which activate 

different category items leading to substantially more items being recalled. 

Consequently, impairment of such supervisory processes would result in fewer 

items being recalled. On the other hand, impairment to the supervisory 

processes which inhibit an inappropriate schema, that is interference with 

verification processes, would result in the occurrence of an error. For instance, in 

the A-B A-C list differentiation task an inhibitory function of the supervisory 

systems is assumed to be to inhibit the incorrect candidate items if they come to 

mind (e.g. inhibiting B items when recalling C items). In sum, it can be concluded 

that in memory tasks, the impairment of the "activating supervisory processes" 

leads to reduction in performance, that of the "inhibiting supervisory processes"
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leads to errors in the performance of subjects. It should be noted that where an 

inhibitory function of the supervisory systems is necessary, it always seems to 

be working against the operation of some permanent knowledge 

structures/schemas e.g. inhibition of the same category items presented in an 

alternative list in A-B A-C list differentiation task as in Experiment 4 or the 

inhibition of general event schemas in the recall of event element lists as in 

Experiment 11.

As described before in Chapter 1 Norman and Shallice (1980) suggested that 

there is a lower level control mechanism, the contention scheduling, which is a 

network of schemas, which functions automatically but their operation is 

modulated by the supervisory systems which apply inhibition or activation values 

to bias one schema over an other in the contention scheduling. So this 

supervisory control over lower level control mechanism, contention scheduling, 

serves two functions. One is that it allows the system to overcome a strong 

response tendency or habitual response which is not an appropriate response 

for a particular situation. The second is that it monitors and corrects errors before 

an overt response is made (Shallice and Burgess, 1993). So, the supervisory 

system model predicts that failure of supervisory control in a situation that 

requires the overcoming of a strong response tendency results in an error 

generated by the contention scheduling (Shallice and Burgess, 1993). On the 

other hand, in situations where strong habitual responses or well-learned 

responses are appropriate responses, errors should not be observed even if the 

supervisory control operations are disrupted. So, this model can explain well the 

contrast found between the data in Experiment 10 and that in Experiment 11. 

Errors were not found in Experiment 10 which required differentiation of two 

alternative unrelated lists each of which containing all elements of a different
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event. Whereas Experiment 11 which employed related event element lists 

produced event-element intrusion errors.

The functions of supervisory systems have been associated with retrieval 

description and verification components of Norman and Bobrow's (1979) 

retrieval model (Shallice, 1988; Burgess and Shallice, 1996). It was suggested 

that a good retrieval description specifies the requirements to be met by the to- 

be-recalled memory such as a list of items (Burgess and Shallice, 1996). On the 

other hand. The second component of Norman and Bobrow's (1979) retrieval 

model, verification, involves a process of checking if what is recalled, such as an 

item from a previously learned list, is compatible with the retrieval description 

and the overall task demands which constitute as verification criteria. If the item 

recalled fails to fit the verification criteria, more complex search of memory and 

verification analysis similar to problem-solving would be expected to operate 

(Burgess and Shallice, 1996). However, in the retrieval conditions of the present 

experiments where subjects have only few seconds to recall per item of a list, 

retrieval was not expected to involve very complex operations. Nevertheless, the 

increased errors found in the constrained situations, dual task conditions, relative 

to control conditions in experiments 4 to 6 and 11 supported Burgess and 

Shallice's (1996) assumption that verification and error corrections are essential 

parts of retrieval, unlike the early claim by Baddeley et al (1984) that retrieval is 

largely automatic.

There is a crucial theoretical issue concerning the supervisory systems. That is 

that there is no general definition that would describe what the 

supervisory/executive systems are and what they are not. Furthermore, authors 

use different terms to refer to the same psychological construct. Some (e.g.
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Craik et al, 1996) prefer to use broad terms such as controlled processes or 

effortful processes but they often agree that controlled processes are strategic, 

organizational, and accessible to consciousness and voluntary control. In 

addition, several authors identified what they view as key functions of 

supervisory/executive systems including set maintenance, inhibition of 

prepotent/habitual responses, verification, monitoring, planning, decision making 

(Shallice and Burgess, 1993; Taylor, 1996). As was discussed in this section, the 

suggestions concerning the functions of supervisory/executive systems in 

memory retrieval provide plausible and good explanations for the complex 

patterns of the results found in the present experiments which used three 

different memory tasks.

9.4 Dual Task Deficit

As discussed in the section 1.9.3 in Chapter 1, some researchers have used dual 

task paradigms to study the involvement of higher level (supervisory) processes 

in memory tasks (e.g. Moscovitch, 1994a). Moscovitch (1994a) argued that there 

are two types of memory processes that operate at retrieval. The first type is 

automatic processes which are assumed to be not affected by performance of a 

secondary task. The second type is strategic, effortful processes mediated by 

higher order/supervisory systems which are under voluntary control. Moscovitch 

argued that a secondary task can only interfere with retrieval if the second type 

of processes are required by a memory task. Moscovitch (1992ab) also gave a 

list of tasks that would require higher order/supervisory system functioning.

The task of recall of categorized lists and list differentiation task used in the 

present research were among those listed in Moscovitch's (1992ab) list. The
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results of the experiments reported in this thesis showed that performance on 

these two particular memory tasks was affected by the secondary task at 

retrieval only under certain conditions. The results of experiments 1 and 2 

showed that performance on the task of recall of categorized lists was not 

influenced by the secondary task at retrieval if the lists contained items from two 

categories. Similarly, the results of Experiment 10 showed that performance on 

the list differentiation task was not affected by the secondary task at retrieval if 

two lists were easy to distinguish through class-inclusion because the two lists 

were unrelated and items within a list were associated through an event 

concept.

As it was suggested by Jacoby (1991), different types of processes (automatic 

and effortful/supervisory processes) contribute to performance of a particular 

task and, under certain circumstances, the contribution of automatic processes 

to performance can be substantial. This suggestion gained some support from 

the results of experiments 1, 2 and 10 mentioned above. On the other hand, the 

results of Experiment 3 showed that recall of categorized lists was influenced by 

performance of a secondary task when the lists contained items from 4 or 6 

different categories. In addition, dual task deficit was observed in list 

differentiation paradigm in experiments 4 to 7 and 11. Thus, in line with the view 

of Jacoby (1991), it can be concluded that the contribution of supervisory 

processes to performance of the task of recall of categorized lists and that of list 

differentiation task in experiments 3 to 7 and 11 were substantially greater than 

automatic processes.

The dual task studies mentioned above relied on the assumption that a dual task 

deficit can be associated with interference with the higher level processes.
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However, this assumption is challenged by some other authors. It was argued 

that a dual task deficit might indicate structural interference (Kahneman, 1973), 

input/output conflict or trade offs between multiple tasks (Navon, 1984, 1985) 

rather than interference with higher level processes (see the section 1.9.1 in 

Chapter 1). Possible structural interference or input/output conflict can be 

avoided to some extent by using tasks in different modalities (e.g. verbal, visual), 

as was done in this thesis; the primary tasks required vocal input and vocal 

output whereas the secondary tasks required visual input and visuo-manual 

output. With respect to the argument concerning trade-offs, the secondary tasks 

used in this thesis were generally carried out well. Thus, the dual task deficit 

observed in the present research cannot be attributed to trade-offs between the 

tasks. In addition, trade offs between two tasks would not be a valid argument in 

situations where there was an indirect effect of a secondary task on recall of a 

list which was learned and recalled in the absence of the secondary task. For 

example, the argument concerning trade-offs cannot be given for the decline in 

the recall of B items observed in experiments 6 and 7 where the secondary task 

was performed only during the learning of A-C lists.

Dual task deficits can also be attributed to a general difficulty in performing two 

tasks simultaneously. However, as mentioned before in different parts of this 

thesis, there are two problems with the general difficulty hypothesis. First, the 

concept of difficulty is vague and uninformative (Baddeley, 1986). Second, the 

general difficulty argument cannot account for the pattern of results found in 

some dual task studies. For example, it was noted that there are some studies 

which produced no reduction in dual task performance (Navon and Gopher, 

1979). Experiments 1,2,8, and 10 reported in the present thesis also showed 

no dual task effect on recall. What would be not useful is to make another
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uninformative claim on the basis of the results of these dual task studies, that 

some tasks are easy, some are difficult to perform simultaneously. This 

approach would be wrong, not the claim itself. The claim is just a statement of 

what is obvious. What cognitive psychologists should be concerned with is that 

what kind of encoding or retrieval operations or processes or the involvement of 

what kind of memory systems make a task or a combination of tasks difficult to 

perform. Indeed, when the patterns of the different experiments reported in this 

thesis are considered, it can be concluded that the simple concept of difficulty 

cannot account for dual task deficit. For instance, experiments 2 and 3 (see 

chapters 3 and 4) used the same secondary task, a four choice response task 

and the task of recall of categorized lists as the primary task. However, as 

mentioned in the above paragraphs, a secondary task effect on recall was 

observed only when lists with 4 or 6 categories were used. To say that a dual 

task deficit is due to the general difficulty to recall the lists with 4 or 6 categories 

in dual task conditions would be just a restatement of the results and would not 

offer a good explanation for the interactive effect of the two experimental 

manipulations, the dual task manipulation and the manipulation of the number of 

categories, on recall. On the other hand, the alternative argument was that the 

free recall of categorized lists requires the supervisory process of generation of 

category names used to cue the category items and the increase in the number 

categories represented in a list would increase the demand for the supervisory 

processes which are disrupted by performance of the secondary task. This 

argument fits well with the data pattern obtained in experiments 2 and 3.

Also, it should be noted that the term general difficulty can mean different things 

for different researchers (Navon and Gopher, 1980). One may argue that it is 

generally difficult to carry out, not two tasks simultaneously, but some cognitive
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rftore.
operationsf'than others. For example, Craik and McDowd (1987) suggested that

/Aon,
the tasks that require effortful processes are generally^difficult to perform than 

the tasks that do not. As it was pointed out before in Chapter 1, effortful 

processes (Hasher and Zacks, 1979) are just another term to refer to higher level 

processes. When the term general difficulty is used in this way, the argument
art

that effortful processed generally difficult to carry out are susceptible to 

interference from secondary tasks is not different from the argument that 

supervisory processes are susceptible to interference from secondary tasks 

relative to automatic or semi-automatic processes. Thus, the problem is a 

semantic issue, it is a matter of which term one prefers to use to refer to the 

higher level processes. This theoretical problem may be resolved by viewing 

supervisory processes as part of generally difficult, effortful processes. The 

important issue and the one that concerned the present thesis is to identify the 

particular supervisory operations that are interfered by performance of a 

secondary task. For example, the results of experiments 1 to 3 supported the 

assumption that, at retrieval of categorized lists, generation of category names or 

search for category names is the supervisory process or difficult, effortful mental 

operation that is affected by performance of a secondary task.

9.5 Encoding versus Retrieval

As discussed in the section 1.9.3 in Chapter 1, several researchers attempted to 

compare the processing requirements of encoding with that of retrieval in 

different dual task designs. Overall the present results were consistent with the 

findings of Johnston et al (1972), Baddeley et al (1984), Park et al (1989), Craik et 

al (1996) that encoding i^highly demanding process. There was a secondary task 

effect on the encoding processes of all the paradigms used in this thesis. With
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respect to retrieval, as stated in the section 1.9.3 in Chapter 1, in recent years 

some authors (e.g. Jacoby, 1991; Craik et al. 1996) put forward the view that 

retrieval can operate in two processing modes - automatic processing and 

controlled (supervisory) processing - depending on the processing requirements 

of a task. On the basis of the results from four dual task experiments conducted 

by Craik et al (1996), it was argued that free recall and cued-recall paradigms 

demand controlled processes at retrieval (although this demand is less than that 

at encoding) but recognition paradigms involve automatic processing as 

performance on a recognition task was unaffected by the presence of a 

secondary task at retrieval.

However, the results of experiments 1 and 2 in this thesis (see Chapter 3), and 

some other studies in the literature (e.g Baddeley et al, 1984) suggested that not 

all free-recall paradigms require controlled/supervisory processes during retrieval. 

The free recall paradigm used in the Craik et al (1996) study was free recall of 

unrelated words as opposed to free recall of categorized lists used in this thesis. 

Similarly the cued-recall paradigms used in the two studies differed from each 

other, the one used in this thesis (see chapters 5 to 7) was a mixture of cued 

recall and list differentiation paradigms (A-B A-C paradigm) as opposed to paired 

associate recall in the Craik et al study. Both this thesis and the Craik et al 

studies showed an effect on retrieval when the cued recall paradigm was used, 

but there are some studies in the literature that did not show an effect in the 

retrieval stage of a cued recall task (e.g. Baddeley et al, 1984, see the section 

1.9.3 in Chapter 1). Thus, it appears that one cannot make generalizations about 

the nature of retrieval processes that operate in a particular broad paradigm (e.g. 

free recall) by demonstrating an effect in a specific dual task design which has 

additional features other than the particular broad paradigm. As suggested in the
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previous section, the researchers should be nnore specific about what aspects of 

a paradigm would involve supervisory operations and can be associated with 

dual task deficit.

In sum, it can be concluded that, like encoding, retrieval demands higher 

level/supervisory processes but the weight/proportion of the contribution of the 

processes to recall performance can differ from one memory task to another.

9.6 Retrieval o f events and Confabulation

Burgess & Shallice (1996) hypothesized that damaged description processes 

were a critical factor in the confabulations produced by patients. They argued 

that the inability to specify the requirements to be met by the to-be-recalled 

memory would mean that confabulating patients use descriptions which were 

too broad and thus activate too many memories. It was pointed out in this thesis 

that in Norman & Bobrow's (1979) model, a verification criteria is formed through 

the target description process and, therefore, the broader the description is the 

broader the verification criteria becomes too. Thus, it can be argued that such 

confabulating patients are not only unable to form a specific description but also 

unable to verify the different memories that are activated by the broad 

description. This can explain why the patients come up with so many erroneous 

memories.

This thesis also attempted to carry out experimental manipulations of 

confabulations in Experiment 11, as reported in Chapter 8. The results from this 

experiment were explained by using the Burgess & Shallice (1996) hypothesis of 

damaged description processes. It was argued that a secondary task
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interference with the retrieval of event elements impaired the ability of the 

subjects to form a good retrieval description which led to event element 

confusions. In addition, the results of Experiment 11 showed that interference 

with encoding also produced event element confusions. This could not be 

consequence of direct interference with description processes since the 

secondary task was not present at retrieval. It was argued that the information 

required to form a good description at retrieval should be encoded in the first 

place (the encoding specificity principle) and retrieval failures observed in the 

encoding interference condition were attributed to the failure to encode the 

information that can be used in forming a specific description later at retrieval. 

Whether or not this argument of encoding failure can be extended to 

confabulations remain an open question. However, Burgess and Shallice saw the 

damaged component of confabulator as the supervisory systems that operate in 

retrieval processing stages rather than as the retrieval stages themselves. As the 

supervisory systems are involved both in encoding and in retrieval, Burgess and 

Shallice would agree that the supervisory encoding processes are also likely to 

be impaired in the confabulating patients.

9.7 Concluding remarks and future directions

The present thesis produced a detailed account of the cognitive processes that 

operate at encoding and retrieval of three different memory tasks, namely free- 

recall of categorized lists, cued-recall of A-B A-C lists, and free-recall of event 

element lists; and supported some theories and suggestions concerning the 

memory tasks such as the suggestion that recall of categorized lists involves 

search for or generation of category names (Wingfield and Byrnes, 1981), the 

mediational theory proposed by Arkes and Lyons (1979). Like some researchers
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(e.g. Baddeley, 1986; Craik et al, 1996), the present researcher also believed that 

performance on memory tasks is understood better when the cognitive 

processes are viewed as separable mental operations. In recent decade, several 

investigators (e.g. Jacoby, 1991 ; Craik et al, 1996) emphasized that the results of 

a considerable number of studies in cognitive psychology and in 

neuropsychology fit well with the suggestion that retrieval involves separable 

automatic and higher level processes which this thesis referred to as supervisory 

processes. It is generally accepted that the concept of supervisory/executive 

system suffers from a certain vagueness in its definition but does have a 

recognizable outlines (Baddeley, 1986; Hayes et al, 1996). Its features includes 

set-maintenances, monitoring, selective inhibition of habitual verbal and 

nonverbal responding (Burgess and Shallice, 1993; Taylor 1996; Hayes et al, 

1996). As highlighted in the present chapter, the task performance observed in 

the different experimental designs of the present thesis using both dual task 

manipulation and manipulation of task demands fit well with the suggestions on 

supervisory/executive functioning, which indicates that the construct of 

supervisory functioning has potential to explain complex memory performance. 

However, more research using different tasks and techniques is needed for 

further exploration of the characteristics of the supervisory systems.

The study of event confusion by using the categories containing event elements 

and dual task paradigm appears to be a promising method. Further investigation 

should be done in this area by using different event categories and designs. As 

discussed in the introduction of Chapter 8, the use of similar short films did not 

produce significant number of event confusions. However this technique, if used 

in a dual task environment, may prove to be fruitful. The encoding of short films 

require two modalities, visual and verbal, therefore a tactile secondary task
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would need to be used to prevent a structural interference (Kahneman, 1973) 

but the retrieval processes could be interfered with any of the secondary tasks 

used in this thesis.
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APPENDIX I. The Hats uaed in Experiment 1

LIST 1 LIST 2 LIST 3

burglary coffee grid
monk admiral satin
fox seat-belt engineer
niece elephant tuna
nylon label sardine
beetle march shoulder
ketchup lemonade fork
ant novel cotton
letter tea jazz
pitch j ournal oak
wasp coke salmon
adverb accountant green
concerto poem chalk
model linen wool
sister painkiller temple
mosquito essay tiger
butterfly engine cod
water pin heavy
cousin Chicago commander
portrait milk haddock
uncle hand oyster
crab republic desk
spider shrimp silk
kettle plate mob
private gateway comet
segment soda flu

LIST 4 LIST 5 LIST 6
major scar gang
paragraph ornament vaccine
secretary wolf war
sofa cup magnesium
tunnel violin carpenter
blues fireman white
salary philosophy lettuce
lake spoon manager
ear elbow desert
opera pan nose
decade arch carpet
trumpet jacket envoy
cow ocean lawyer
need December shadow
purple sheep plumber
symphony spotlight trousers
pop dish duke
colonel bear sociology
skill brown finger
flame lion nurse
sergeant ladle salesman
waltz armchair neck
captain bowl saxophone
pot nest eye
drawing pansy loop
folk winter feather
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LIST 7 LIST 8 LIST 9
triangle curtsey departure
grief proud club
clarinet swan luxury
wardrobe platinum anatomy
yellow cello data
cauliflower broccoli whisky
bookcase sea diamond
ethic astronomy shorts
black wine tie
pipe trombone sailing
mountain cliff chemistry
pink raspberry sweater
curtain spray biology
scotch river tomato
physiology guitar skirt
apple shirt bungalow
duty oboe peach
lamp enemy physics
gesture drum blouse
blue swing ostrich
mask drill suit
mirror convoy council
jumper flute mercury
stool hill pliers
nickel monopoly gravity
equal charity roundabout

LIST 10 LIST 11 LIST 12
dice harvest master
alarm glue licence
bowling cherry chisel
celery apartment duck
laugh maze tent
bronze pear swimming
onions gin heritage
apricot laser thrush
taxi grape ship
screwdriver vodka saw
penguin owl parrot
spinach banana manual
aluminum hail paddle
sunny basketball carnival
award pineapple owner
cabbage key hawk
shelter horizon seesaw
asparagus orange eagle
brandy intuition nails
cash sherry thunder
bean mile ego
steel motorcycle file
mansion rum hen
copper hammer paradox
origin tier insurance
taboo habit stage
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LIST 13 LIST 14
shampoo postcard
nightclub embargo
hockey hostage
room weight
map cloudy
wind option
nostalgia boat
hotel vitamin
airplanes satan
baseball kite
wood lightning
idiom zip
manicure truck
accent fog
tennis bicycle
survival trial
boxing humid
ticket flag
handball train
castle margin
fishing storm
occupant vapour
cottage pavement
packet snow
belief proof
arrow padlock
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APPENDIX II. The lia ta naecL in Expejciment 2

LIST 1 LIST 2 LIST 3

fox coffee satin
niece dictionary engineer
beetle admiral tuna
nylon elephant velvet
ant lemonade shoulder
letter novel fork
nephew tea cotton
kettle journal jazz
wasp coke salmon
concerto accountant green
sister poem wool
mosquito linen sardine
butterfly essay tiger
water sonata cod
cousin milk chiffon
private hand haddock
daughter shrimp oyster
uncle fiction desk
crab plate silk
spider soda commander

LIST 4 LIST 5 LIST 6
major wolf clouds
secretary cup carpenter
blues violin knee
cadet fireman white
lake philosophy lettuce
ear bear manager
opera turtle desert
sofa spoon nose
cow elbow carpet
purple pan chin
marshal jacket lawyer
symphony ocean plumber
pop sheep trousers
colonel dish sociology
trumpet ape finger
sergeant brown nurse
waltz ladle salesman
captain armchair neck
pot bowl saxophone
folk lion eye
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LIST 7 LIST 8 LIST 9
black thunder medicine
clarinet drill peach
wardrobe swan whisky
yellow forest shorts
cauliflower cello tie
bookcase broccoli sailing
mountain sea zoology
pink astronomy sweater
curtain wine biology
scotch trombone tomato
aqua cliff skirt
economics waterfall bungalow
apple raspberry history
lamp river physics
blue guitar blouse
mirror shirt ostrich
jumper oboe suit
stool drum pliers
frost flute algebra
auburn hill storm

LIST 10
bowling
celery
fog
onions
apricot
drought
ship
screwdriver
penguin
spinach
humid
gale
bronze
cabbage
asparagus
brandy
bean
snow
mansion
blizzard
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APPENDIX III. The lists used, in Experiment 3

SET 1
LIST 1 (2 categories) LIST 2 (4 categories) LIST 3 (6 categories)

Peru storm bean
suede termite judo
taffeta fog letter
Mexico cockroach saxophone
linen thunder cabbage
Cuba liquor bulletin
silk pot trumpet
Poland scorpion onions
chiffon humid spinach
Belgium vodka novel
cashmere beetle harp
satin drought story
Canada saucer flute
Norway clouds elephant
polyester flea judge
leather gin rat
China lice golf
nylon bowl squirrel
Austria martini clerk
jersey stove boxing
Sweden rum fox
velvet glass accountant
Brazil brandy soccer
Denmark dish carpenter

LIST 4 (4 categories) LIST 5 (6 categories) LIST 6 (2 categories)
skirt sea shelter
colonel pop nose
hat grass castle
grape orthodox hair
chief cliff elbow
gloves duck dorm
apricot peacock tooth
vase cathedral ranch
shorts river hand
maj or ostrich flat
bookcase priest toe
jumper eagle mansion
lemon black shoulders
tie Susan cottage
private Helen knee
cadet jazz room
mango maroon finger
officer Donna neck
curtains sanctuary bungalow
stool aqua cabin
prunes blues ear
mirror Paula palace
raspberry calypso stomach
dresser burgundy hotel
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LIST 7 (6 categories) LIST 8 (2 categories) LIST 9 (4 categories)
month Leeds francs
door brass ship
year iron currency
bazooka Liverpool tractor
chimney copper mathematics
afternoon York ruble
era Reading bicycle
floor titanium Eternal
gun Cardiff cents
parliament zinc agriculture
entrance Plymouth Boyzone
topaz Aberdeen train
governor steel pharmacy
vanilla bronze yen
machete Glosgow pesos
chives nickel Wham
poison Derby canoe
senator cobalt UB40
emerald Bristol zoology
mint Sheffield van
garnet mercury algebra
ketchup platinum 3T
marble Nottingham genetics
congressman tin Erasure

SET 2

LIST 1 (4 categories) LIST 2 (6 categories) LIST 3 (2 categories)
cup lion sleet
nylon tennis frost
Denmark nurse caterpillar
spatula deer wind
leather sailor bug
plate rabbit lightning
cashmere badminton flea
ladle camel blizzard
sink manager humid
Mexico rugby mosquito
oven engineer spider
sherry lettuce gale
Cuba guitar cockroach
silk skating storm
bourbon parsley beetle
tequila bass wasp
Poland text clouds
Sweden asparagus lice
cognac drum thunder
Brazil essay drought
suede celery scorpion
wine fiction butterfly
jersey oboe fog
scotch cartoon termite
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LIST 4 (6 categories) LIST 5 (2 categories) LIST 6 (4 categories)
sonata skirt captain
yellow nectar rug
Janet gloves admiral
pink cherry desk
dance melon seaman
brown tie hand
Alice avocado wardrobe
opera shorts commander
ivory peach room
Louise jacket marshal
classical tangerine tooth
Martha blouse flat
ocean coat couch
synagogue lemon knee
desert prunes shelter
pigeon hat ear
waterfall mango lamp
hawk scarf mansion
mosque apricot corporal
rock jumper ashtray
falcon grape stomach
pews trousers hotel
swan sweater neck
temple raspberry cottage

LIST 7 (2 categories) LIST 8 (4 categories) LIST 9 (6 categories)
paprika month UB40
opal senator steel
vinegar parliament Blur
mint year mercury
jade congressman canoe
moonstone machete Pulp
herbs afternoon Eternal
garnet poison wagon
pepper governor zinc
vanilla day pesos
emerald attic brass
silver lobby tractor
gravy representative Reading
crystal door guinea
mustard mayor bus
ketchup era Sheffield
ma rble gun algebra
cinnamon week yen
topaz bazooka genetics
gold entrance Plymouth
chives missile electronics
pearl floor shilling
mayonnaise spear botany
sapphire chimney Glasgow
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SET 3

LIST 1 (6 categories) LIST 2 (2 categories) LIST 3 (4 categories)
bear cognac taffeta
plumber spatula Canada
sheep gin polyester
architect ladle blizzard
goat brandy velvet
hockey tequila frost
turtle bowl chiffon
polo saucer Belgium
salesman rum wind
gymnastics glass Peru
farmer dish satin
journal liquor butterfly
clarinet martini Austria
softball stove gale
poem pot mosquito
tomato sherry linen
leaflet oven Norway
cello vodka bug
broccoli sink China
dictionary bourbon sleet
violin plate wasp
cauliflower wine caterpillar
trombone scotch lightning
mushroom cup spider

LIST 4 (2 categories) LIST 5 (4 categories) LIST 6 (6 categories)
commander dorm symphony
vase shoulders forest
private nose monastery
marshal castle concerto
desk finger island
curtains ranch chapel
rug melon parish
cadet sweater waltz
ashtray hair volcano
officer palace folk
major blouse lake
wardrobe cherry altar
captain toe Doris
lamp cabin swallow
admiral jacket beige
couch elbow Nancy
seaman trousers owl
bookcase nectar Sharon
colonel bungalow penguin
mirror coat auburn
chief peach canary
stool avocado white
dresser scarf purple
corporal tangerine Leslie
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LIST 7 (4 categories) LIST 8 (6 categories) LIST 9 (2 categories)
iron secretary pharmacy
Plymouth corridor Boyzone
Reading moment mathematics
cobalt president REM
Leeds roof East 17
tin chairman genetics
bus decade Wham
lira stairway electronics
guinea council Bee Gees
platinum pistol algebra
steel ceiling UB40
York sapphire botany
brass mine Fugees
Aberdeen fortnight medicine
pence century Blur
Derby vinegar agriculture
jeep moonstone Pulp
shilling herbs Erasure
helicopter bullet history
coins opal physics
truck cannon 3T
boat mayonnaise zoology
mark pepper Eternal
wagon gold art

SET 4

LIST 1 (2 categories) LIST 2 (4 categories) LIST 3 (6 categories)
bass rugby Canada
violin spinach saucer
sailor tennis pot
judge soccer lightning
cello bean dish
architect lettuce Belgium
trombone boxing glass
plumber essay frost
harp rabbit Norway
carpenter story sleet
saxophone golf Austria
flute cabbage wasp
manager lion liquor
oboe judo blizzard
drum bear satin
accountant onions bug
trumpet bulletin taffeta
nurse asparagus linen
clarinet letter caterpillar
salesman sheep rum
engineer cartoon spider
guitar goat brandy
clerk turtle polyester
farmer novel vodka
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LIST 4 (4 categories) LIST 5 (6 categories) LIST 6 (2 categories)
Susan shoulders waterfall
pink hat pigeon
Helen nose swan
black ranch river
Donna toe ocean
cathedral castle duck
maroon gloves forest
Paula hair eagle
sanctuary palace desert
blues skirt ostrich
Martha dorm cliff
aqua colonel penguin
burgundy lemon lake
pop mango owl
yellow chief canary
jazz mirror rock
calypso bookcase hawk
parish shorts grass
Louise major falcon
orthodox raspberry sea
classical cadet peacock
altar dresser island
mosque prunes swallow
sonata curtains volcano

LIST 7 (6 categories) LIST 8 (2 categories) LIST 9 (4 categories)
delegate truck Cardiff
cinnamon francs titanium
mustard bus Bristol
representative pesos nickel
silver jeep zinc
gravy currency Sheffield
treasurer helicopter copper
pearl shilling Bee Gees
mayor bicycle Glasgow
jade wagon Nottingham
semester cents East 17
attic van Blur
crystal pence physics
paprika canoe Liverpool
day mark art
artillery tractor mercury
week guinea electronics
spear lira pulp
millennium boat bronze
wall coins history
missile yen medicine
basement train REM
lobby ruble Fugees
rifle ship botany
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SET 5

LIST 1 {4 categories) LIST 2 (6 categories) LIST 3 (2 categories)
elephant stool soccer
carpenter cabin tomato
sailor jumper gymnastics
rat bungalow hockey
journal tie asparagus
deer shelter badminton
judge vase celery
squirrel cottage polo
poem scarf cabbage
clarinet desk skating
fox astray bean
engineer private tennis
drum melon onions
bass tangerine golf
accountant coat rugby
leaflet elbow cauliflower
clerk officer softball
text grape broccoli
camel hand judo
violin marshal lettuce
fiction finger spinach
cello corporal boxing
dictionary apricot mushroom
trombone neck parsley

LIST 4 (6 categories) LIST 5 (2 categories) LIST 6 (4 categories)
China Paula peacock
wind maroon ostrich
stove beige temple
Denmark Nancy river
Sweden Sharon eagle
fog pink pews
bowl Janet grass
Peru black symphony
ladle Leslie duck
clouds Donna cliff
sink ivory waterfall
butterfly Susan falcon
gale purple swan
velvet Helen concerto
termite yellow priest
mosquito Alice sea
gin white desert
leather burgundy opera
bourbon Martha synagogue
silk auburn dance
chiffon brown chapel
martini Doris folk
lice aqua monastery
tequila Louise waltz
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LIST 7 (2 categories) LIST 8 (4 categories) LIST 9 (6 categories)
parliament marble coins
bazooka chives truck
gun pepper Bristol
senator crystal pence
machete mint jeep
rifle semester lira
chairman garnet mark
mayor moment helicopter
pistol ketchup liverpool
council ceiling boat
treasurer topaz East 17
artillery emerald Notthingham
president roof physics
cannon century REM
governor vanilla Cardiff
spear decade nickel
representative mayonnaise art
mine wall titanium
bullet silver Bee Gees
congressman corridor copper
poison fortnight medicine
delegate millennium history
secretary stairway Fugees
missile basement bronze

SET 6

LIST 1 (6 categories) LIST 2 (2 categories) LIST 3 (4 categories)
captain text saxophone
hotel sheep nurse
admiral lion trumpet
seaman fiction manager
room camel oboe
ear dictionary skating
commander rabbit polo
mansion elephant flute
trousers leaflet architect
knee bear parsley
blouse story guitar
flat goat harp
stomach bulletin salesman
jacket novel badminton
tooth fox gymnastics
couch letter celery
peach cartoon plumber
avocado squirrel tomato
lamp poem cauliflower
nectar turtle farmer
sweater essay mushroom
rug deer softball
cherry j ournal broccoli
wardrobe rat hockey
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LIST 4 (2 categories) LIST 5 (4 categories) LIST 6 (6 categories)
parish Nancy Cuba
calypso volcano spatula
synagogue Sharon drought
alter forest plate
opera Leslie humid
temple ivory oven
symphony pigeon Mexico
pop auburn cup
chapel rock thunder
pews canary Brazil
jazz white storm
sanctuary Doris cockroach
classical Janet sherry
orthodox purple Poland
folk Alice flea
priest ocean scotch
waltz beige nylon
mosque swallow wine
dance island scorpion
cathedral lake cashmere
blues penguin jersey
monastery brown beetle
sonata hawk suede
concerto owl cognac

LIST 7 (4 categories) LIST 8 (6 categories) LIST 9 (2 categories)
cannon zoology ceiling
sapphire iron month
pistol agriculture door
opal francs attic
mine cobalt day
bullet pharmacy wall
gold tin year
artillery ruble moment
herbs Boyzone floor
pearl mathematics decade
rifle platinum era
chairman cents corridor
paprika Aberdeen millennium
jade currency lobby
council train semester
gravy Leeds chimney
moonstone Erasure week
cinnamon van basement
president 3T stairway
vinegar bicycle afternoon
delegate Derby roof
mustard Wham century
treasurer York fortnight
secretary ship entrance
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APPENDIX IV. The lia ta uaed in expérimenta four to aix

Trial 1
LIST 1 (A-B) LIST 2 (A-C)
PRECIOUS-STONE jade METAL platinum
TIME decade PRECIOUS-STONE topaz
RELATIVE grandfather DISTANCE fathom
DISTANCE acre RELATIVE niece
METAL magnesium TIME century
ARMY colonel ANIMAL camel
ANIMAL raccoon ARMY major
FABRIC silk COLOUR grey
COLOUR brown CUTLERY fork
CUTLERY spoon FABRIC satin
FURNITURE couch PLANET Mars
FACE eyelash CEREAL wheat
FRUIT apricot FURNITURE stool
CEREAL oat FRUIT pineapple
PLANET Saturn FACE chin

Trial 2
LIST 1 (A-B) LIST 2 (A-C)
SPORT diving INSTRUMENT clarinet
CLOTHES belt SHAPE rectangle
INSTRUMENT trombone SCIENCE chemistry
SCIENCE physics CLOTHES gloves
SHAPE cylinder SPORT skating
VEHICLE tractor WEATHER icy
WEATHER foggy VEHICLE jeep
CROCKERY cup BIRD owl
SOFT-DRINK lemonade SOFT-DRINK soda
BIRD thrush CROCKERY plate
TOOL pliers PATTERN checked
SOUND whistle TOOL drill
NEWSPAPER Daily-Mirror SOUND whisper
INSECT wasp NEWSPAPER Daily-Mail
PATTERN striped INSECT beetle

Trial 3
LIST 1 (A-B) LIST 2 (A-C)
MUSIC Jazz HAIRSTYLE wavy
ORGAN lungs HOUSE cottage
WEAPON cannon MUSIC blues
HOUSE mansion WEAPON pistol
HAIRSTYLE curly ORGAN liver
POLITIC parliament ALCOHOL brandy
ALCOHOL scotch POLITIC conservative
COUNTRY Peru JEWELLERY necklace
JEWELLERY bracelet HERBS parsley
HERBS mint COUNTRY Egypt
SENSE sight FILM thriller
FUEL coal SENSE smell
OCCUPATION journalist CRIME fraud
CRIME forgery OCCUPATION architect
FILM horror FUEL gas
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Trial 4
LIST 1 (A-B) LIST 2 (A-C)
ENTERTAINER musician DISEASE polio
DISEASE measles SIZE fat
SIZE slim FLOWER daffodil
COURT j udge ENTERTAINER comedian
FLOWER pansy COURT Jury
HOROSCOPE Libra FISH sardine
STATIONERY pencil RELIGION Judaism
FISH haddock ARISTOCRACY Marquis
RELIGION Buddhism HOROSCOPE Virgo
ARISTOCRACY Duke STATIONERY ink
HOSPITAL matron CAR bumper
SEA Baltic HOSPITAL ward
COUNTRY-SIDE village AIRPORT departure
CAR tyre SEA Caspian
AIRPORT check-in COUNTRY-SIDE farm

Trial 5
LIST 1 (a -b ; LIST 2 (A-C]
SCHOOL headmaster 
TREE poplar 
BANK cheque 
DANCE Tango 
NATIONALITY Greek 
BATHROOM towel 
GEOGRAPHY river 
VEGETABLE cauliflower 
CONTAINER trunk 
WEIGHT kilo 
CHEMICAL sodium 
SHOP post-office 
PLAYGROUND seesaw 
DISASTER drought 
TELEVISION chat-show

DANCE Samba 
NATIONALITY Norwegian 
SCHOOL desk 
BANK credit 
TREE oak
GEOGRAPHY desert 
BATHROOM soap 
CONTAINER barrel 
WEIGHT gramme 
VEGETABLE cabbage 
TELEVISION quiz-show 
CHEMICAL nitrogen 
DISASTER flood 
PLAYGROUND swing 
SHOP off-licence

Trial 6
LIST 1 (A-B) LIST 2 (A-C)
CITY San-Diego REPTILE Chameleon
REPTILE Lizard GAME Scrabble
BUILDING-PART chimney MONEY Yen
MONEY Lira BUILDING-PART stair
GAME Monopoly CITY Minneapolis
NAME Kenneth ART painting
ART sculpture NAME Matthew
AGE adult RESTAURANT waiter
MONTH August AGE elderly
RESTAURANT menu MONTH March
UNDERGROUND Bakerloo CHURCH pew
GRAMMAR noun LANGUAGE Yiddish
CHURCH pulpit BOAT deck
BOAT crew GRAMMAR adverb
LANGUAGE Hebrew UNDERGROUND Jubilee
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APPENDIX V. The lists used in Experiment 7
Trial 1
LIST 1 (A-B) LIST 2 (A-C)
MENDIL zurafa HABER lacivert
OYUN pirlanta IDAM venus
MASKS dakika BORC demir
KOSE dede MASKE saniye
BORC gumus YAKA albay
YAKA cavus BAYRAM koltuk
TOPAC ipek OYUN zumrut
HABER gri KOSE yenge
FIRMA kasik ADAY bulgur
CADDE hektar FIRMA catal
BAYRAM divan GIRIS incir
IDAM mars MENDIL geyik
GIRIS seftali DAMLA cene
DAMLA burun TOPAC saten
ADAY pirinc CADDE ton

Trial 2
LIST 1 (A-B) LIST 2 (A-C)
HESAP Sebnem BOYA edebiyat
GECE yuzme ATLAS yaprak
CADI eldiven KIRA serce
NOBET saz CADI atki
EOYA tip HELVA caydanlik
RUZGAR kare YASAK serbet
ATLAS cimen MIRAS cekic
RUHSAT sisli FILE akrep
HELVA fincan NOBET darbuka
YASAK gazes RUZGAR ucgen
KIRA leylek GECE kayak
MIRAS balta PERMA mirilti
FERMA istik GISE kitap
FILE orumcek RUHSAT yagmurlu
GISE dergi HESAP Nalan

Trial 3
LIST 1 (A-B) LIST 2 (A-C)
GOKYUZU turku ENERJI tufek
PUL ciger MUZE sarap
ENERJI fisek IMZA vitez
SERGI yali FORMA esmer
FORMA kizil KANAT mimar
LIMAN meclis CADIR isvec
CADIR hollanda HALI gas
MUZE bira ALFABE ihlamur
DDSYA yuzuk GOKYUZU arabesk
ALFABE nane SERGI villa
IMZA fren CIVI komedi
HALI komur DOSYA bilezik
HANAT gazeteci LIMAN baskan
EALGA suukast DALGA Santa]
GIVI belgesel PUL bobrek
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Trial 4
LIST 1 (A-B) LIST 2 (A-C)
SOFRA cambaz C EMBER sisinan
YALAN veba KABLO hac
CEMBER zayif INSAAT yasli
ISIK hakim BAS TON akdeniz
FIKRA menekse ALBUM murekkep
ALBUM kalem HEDEF uzum
PANJUR yunus ISIK avukat
HEDEF badem YALAN kizami k
GUNEY sinif FIKRA papatya
BAS TON marmara GUNEY tahta
DEKOR koy PANJUR balina
MAKINA besiktas MAKINA fenerbahce
INSAAT genc SOFRA paylaco
ABONE Urfa ABONE Izmir
KABLO namaz DEKOR ciflik
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APPENDIX VI, The lists used in Experiment 8

Trial 1
LIST 1 (A-B) LIST 2 (D-C)
MENDIL geyik KALE asci
HABER lacivert OKUL beste
I DAM venus MATBAA ciger
BORC demir PEYNIR fisek
MASKE saniye RECETE kizil
YAKA albay LASTIK meclis
BAYRAM koltuk VAZO bira
OYUN zumrut SEMER asya
KOSE yenge DUKKAN yuzuk
ADAY bulgur HUCRE nane
FIRMA catal RUTUBET fren
GIRIS incir MIZRAK komur
DAMLA cene SIMSEK piyes
TOPAC saten MADALYA suukast
CADDE ton ILCE beige

Trial 2
LIST 1 (A-B) LIST 2 (D-C)
FIDYE veba BOYA edebiyat
BANDO zayif ATLAS yaprak
KAMIS hakem KIRA serce
PARASUT menekse CADI atki
CAMEKAN kalem HELVA caydanlik
ATOLYE hamsi YASAK serbet
SERUM badem MIRAS cekic
ODUN sinif FILE akrep
BAYRAK mama r a NOBET darbuka
CELENK koy RUZGAR ucgen
ARSA besiktas GECE kayak
SOLUCAN genc PERMA mirilti
HIKAYE Urfa GISE kitap
PAKET namaz RUHSAT yagmurlu
A  JAN DA dumen HESAP Nalan

Trial 3
LIST 1 (A-B) LIST 2 (D-C)
AFIS gemi ENERJI tufek
PETEK havlu MUZE sarap
HALTER dag IMZA vitez
BORSA nohut FORMA esmer
RADYO lokonta CADIR Isvec
DANTEL cati HALI gas
FIRIN metre ALFABE ihlamur
SEDYE para GOKYUZU arabesk
KANAL tavia SERGI villa
AC I heykel CIVI komedi
MUHUR yaz DOSYA bilezik
HUDUT cumle LIMAN baskan
KUPON firat KANAT mimar
GOZLUK kabile DALGA santaj
PALTO bolge PUL bobrek

285



Trial 4
LIST 1 (A-B) LIST 2 (D-C)
CUVAL kristal CEMBER sisman
FATURA gun KABLO hac
BINA hektar INSAAT yasli
PASAJ gumus BAS TON akdeniz
BUHAR cavus ALBUM murekkep
SENDIKA kuzen HEDEF uzum
NARGILE zurefa ISIK avukat
CENNET deri YALAN kizamik
ORMAN sari FIKRA papatya
RAKIP divan GUNEY tahta
MUHTAR bilek PANJUR balina
PLAKA seftali MAKINA fenerbahce
HALIC pirinc SOFRA paylaco
DESEN mars ABONE Izmir
KORFEZ lahmacun DEKOR ciflik
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APPENDIX VII The content of the shoxt films used the pilot study reported in Chapter 8

Episode 1 
comrers ati on people's features actions background place tim e

P I ((MALE), (BLOND)HAIR, 
WEARS[((LIGHT)GREY U 
WHITE)JACKET])
P 2 ((FEMALE), (BLOND)HAIR, 
WEARS[(PINK)((LAVENDER) 
PATTERN)((SHORT)(PUFFED) 
SLEEVES)DRESS])

P I ((MALE), (BLOND)HAIR, 
WEARS[((LIGHT)GREY U 
WHITE)JACKET])
P 2 ((FEMALE), (BLOND)HAIR, 
WEARS[(PINK)((LAVENDER) 
PATTERN)((SHORT)(PUFFED) 
SLEEVES)DRESS])
P 3 ((MALE), (DARK)HAIR, 
MOUSTACHE,BARTENDER, 
WEARS[(RED)TUXEDO,BOW 
TIE,(WHITE)SHIRT])
P 4 ((BLACK), (MALE), (DARK) 
HAIR,MOUSTACHE, WEARS [ ( 
BLUE)JACKET,(WHITE) 
SHIRT,(BLACK)BOW TIE])

PI(IN(FRONT),P2 
WALKING

MUSIC,BUSHES
.sec;
0

PI,P2(WALKING) 
(TO(BAR))
P3(SERVING)
P 4 (GETTING( 
DRINK))

MUSIC, BUSHES(BEHIND 
(BAR) )
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conversa, tx on people's features actions background place time

P I ("ROSEMARY'S 
HUSBAND..")

P I ( (MALE) , (BLOND)HAIR, 
WEARS[((LIGHT)GREY U 
WHITE)JACKET])
P2((FEMALE), (BLOND)HAIR, 
WEARS[(PINK)((LAVENDER) 
PATTERN)((SHORT)(PUFFED) 
SLEEVES)DRESS])
P 3 ( (MALE), (DARK) HAIR, 
MOUSTACHE,BARTENDER, 
WEARS[(RED)TUXEDO,BOW 
TIE,(WHITE)SHIRT])
P 4 ((BLACK), (MALE), (DARK) 
HAIR,MOUSTACHE,WEARS[( 
BLUE)JACKET,(WHITE) 
SHIRT,(BLACK)BOW TIE])

P I ((MALE), (BLOND)HAIR, 
WEARS[((LIGHT)GREY U 
WHITE)JACKET , ( (DARK) 
GREY)TIE,((LIGHT)BLUE) 
SHIRT])
P2((FEMALE),(BLOND)HAIR 
WEARS[(PINK)((LAVENDER) 
PATTERN)((SHORT)(PUFFED) 
SLEEVES)DRESS])

P4(LEAVING(BAR)) , 
PI,P2(WALKING)(TO 
(BAR))

P I (GETTING( 
DRINKS) )

MUSIC,BUSHES(BEHIND 
(BAR) )

PI(TURNS (AWAY 
(FROM(BAR)))

PI(GIVES(DRINK)) 
(T0(P2))

Pl("..IS THE P I ((MALE), (BLOND)HAIR, P1,P2(STANDING)
COUNCIL OF THE WEARS[(LIGHT)GREY U
KIDIMINISTER WHITE)JACKET,((DARK)
ISN'T GREY)TIE,((LIGHT)BLUE) (WALKING) (AWAY (
HE?") SHIRT]) FROM_BAR) )

BUSHES(BEHIND(BAR) 
BARTENDER(WEARS[( 
RED)JACKET, (BLACK) 
BOW TIE,(WHITE) 
SHIRT])
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BUSHES(BEHIND(BAR)), 
BARTENDER(WEARS[( 
RED)JACKET,(BLACK) 
BOW TIE,(WHITE) 
SHIRT])
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convGiza at ion people ' 8 fea tvires actions background place time

P2("YES")
PI("SO YOU MUST 
KNOW THE FAMILY 
QUITE WELL")

P2("I WAS SANDRA'S 
MAID OF HONOUR,WE 
HAVE BEEN FRIENDS 
FOR YEARS")
PI("WELL, IN THAT 
CASE YOU KNOW 
EVERYBODY HERE")

PI("YOU CAN TELL 
ME WHO IS DOING 
WHAT TO WHOM")

P2("WELL,HA HA!":

P 2 ((FEMALE),(BLOND)HAIR, 
WEARS[(PINK)((LAVENDER) 
PATTERN)((SHORT)(PUFFED) 
SLEEVES)DRESS] )

P I ((MALE), (BLOND)HAIR, 
WEARS[(LIGHT)GREY U 
WHITE)JACKET,((DARK) 
GREY)TIE,((LIGHT)BLUE) 
SHIRT])
P 2 ((FEMALE), (BLOND)HAIR, 
WEARS[(PINK)(LAVENDER) 
PATTERN)((SHORT)(PUFFED) 
SLEEVES)DRESS] )

P I ((MALE), (BLOND)HAIR, 
WEARS[(LIGHT)GREY U 
WHITE(JACKET,((DARK) 
GREY)TIE,((LIGHT)BLUE) 
SHIRT])
P 2 ((FEMALE), (BLOND)HAIR, 
WEARS[(PINK)(LAVENDER) 
PATTERN)((SHORT)(PUFFED) 
SLEEVES)DRESS])

A  GROUP{((THREE)MEN(WEAR 
[(GREY)SUITS]))&WOMAN( 
WEARS[ (RED)DRESS] ) } &

P1,P2(WALKING)

PI,P2(STANDING) 
(BY(POOL))

FROM(GROUP(0F(
PEOPLE)))(NEXT 
(TO(BAR)))

TO(TABLES)(WITH(( 
WHITE)PARASOLS) & 
PEOPLE(SITTING)

POOL,TABLES(WITH((( 
YELLOW)TABLECLOTH)& 
(WHITE)PARASOL)& 
PEOPLE(SITTING)

GROUP(Gl) 
STANDING)

SIGN(SAYS("VOTE 
FOR FARRADAY"))
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conversa ti on people ' s fea tvires actions backgrovind place time

P 2 ("THERE WE HAVE 
ERIC AND VIOLET 
KIDIMINISTER THE 
ONLY PEOPLE I 
KNOW WELL WHAT 
THEY WANT")

P2("SANDRA! YOUR 
FATHER LOOKS LIKE 
HE IS GETTING A  
KICK OUT OF ALL 
THIS ")

A  C0UPLE{P5(MALE,(DARK) 
HAIR,WEARS[(OYSTER)
SUIT , (BROWN)TIE])
P6(FEMALE,(DARK(SHORT 
))HAIR,WEARS[((BLUE)( 
LONG(SLEEVES))DRESS])}

P5(MALE,(DARK)HAIR,
WEARS[(OYSTER)
SUIT,(BROWN)TIE])
P6(FEMALE, (DARK) HAIR, 
WEARS[(BLUE)(LONG(SLEEVES 
))DRESS])

PI(MALE , (BLOND)HAIR, 
WEARS[((LIGHT)GREY U 
WHITE)JACKET])
P2(FEMALE, (BLOND) 
HAIR,WEARS[(PINK) 
DRESS])
P 7 (FEMALE,SANDRA,( 
BLOND)HAIR,WEARS[(( 
LIGHT)PINK U WHITE) 
DRESS])

P6(HOLDING(P5*S 
ARM))&(SAYING( 
SOMETHING)) (T0( 
Gl) )

P5,P6(WALKS)( 
A W A Y (FROM(Gl)))
(GREETS)SOME 
PEOPLE(SITTING) 
(AT (TABLE) )

P1,P2(WALKS) 
(TOWARDS(P7))

SIGN (SAYS ("VOTE 
FOR FARRADAY"), 
TABLE(WITH(WHITE) 
PARASOL) ) ,A WOMAN 
(WEARS[(WHITE)HAT, 
(WHITE)DRESS]) 
(SITTING)

TABLES(WITH(( 
WHITE)PARASOLS 
& (YELLOW) 
TABLECLOTHS)& 
PEOPLE)(ACROSS 
POOL))
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conircTsa. tion people’8 feetures actions backgrovtnd place time

PI("HE CERTAINLY 
DOES")

P2("HA! TONY 
BROWN, SANDRA 
FARRADAY.")
P7("HELLO")

P5(MALE,(DARK)HAIR,
WEARS[((OYSTER)
SUIT,(BROWN)TIE])
P6(FEMALE,(SHORT(DARK)
)HAIR,WEARS(BLUE)(LONG 
(SLEEVES))DRESS])
A  COUPLE{MALE((DARK)HAIR 
,WEARS[(GREY)SUIT]), 
FEMALE ( (DARK) HAIR, WEARS 
[(GREY)(WHITE)DRESS])}

HAND SHAKING SIGN(SAYS("VOTE 
FOR FARRADAY")
TABLES(WITH((
WHITE)PARASOLS 
& (YELLOW)
TABLECLOTHS,PEOPLE 
(SITTING U STANDING)

'35
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Episode 2

conversation people's features actions background place time

P I ("YOU, KIM! 
YOU, KIM!")
P2("HELLO, HOW 
ARE YOU?
P5("HI !")
P2("OH! HI, 
PAUL.")

P 3 ("NOW YOU 
KNOW WHY I AM 
SUCH A  PAIN IN 
NECK, I HAVE 
THE WORLD'S 
MOST POPULAR 
MOTHER.")

PI(FEMALE,HAVE[( 
SHOULDER_LENGTH) 
(BLOND)HAIR],WEARS 
[(RED)DRESS]
P2(FEMALE,HAVE[( 
LONG)(BLOND)HAIR 
(TIED_BACK)],WEARS 
[(PINK)SHIRT,(WHITE) 
TROUSERS],HAVE[( 
WHITE)BAG]
P5(MALE,HAVE[(
GREY)HAIR],WEARS 
[(WHITE)SUIT]
P6(FEMALE,HAVE[( 
(GREY)HAIR,WEARS 
[(GREEN & RED)
SHIRT]

P3(FEMALE,HAVE[(
RED)(CURLY)(LONG) 
HAIR],WEARS[(RED) 
SHIRT,(BLUE) 
CARDIGAN,(BROWN & 
WHITE)SCARF],HOLDS 
[(BLACK)COAT(IN_HER 
HAND]
P4(MALE,HAVE [ (BLACK) 
HAIR,WEARS [ (BLACK) 
JACKET,(WHITE)SHIRT, 
(GREY)TROUSERS]

P2,P3,P4 
(COME_IN(TO_ 
A_HOUSE))
PI(KISSES)P2 
P3,P4(BEHIND, 
STANDING)
P5(COMES, 
KISSES)P2 
P6(HOLDS(
P2'S ARM) ) 
P2,P5,P6 
(WALK OFF)

(WHITE)ARCH
DOORWAY,
CROWD

0
’seel
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comrersa tion people'3 featvxes actions backgrovmd place time

PI("COMMON, I 
WILL INTRODUCE 
YOU, KIDS, TO 
EVERYONE.")

P7("S0 YOU WORK 
FOR OLD JOHN 
STRICKLAND, HA!"; 
P4("AH..HA!")

P7 (MALE, HAVE [ ( 
DARK)(SHORT) 
HAIR] , WEARS [ ( 
BLACK) JACKET, 
(PINK)SHIRT, 
(GREY)t r o u s e r s :

PI (TAKES) P3, pT ^

P4,P7(STANDING, 
HOLDING(DRINKS)

P7 ("ISN'T HIS 
DUCK DECOY 
A  REAL BEAUTY?")
P 4 ("WELL !, I 
HAVE ACTUALLY 
SEEN HIS DUCK 
DECOY COLLECTION.") 
P7 ( "HE HAS GOT 
THEM ALL OVER THE 
HOUSE. HA! I AM 
GOING TO GET A  
REFILL.")

:CUT_TO_GARDEN) 
(GREEN)GRASS 
THREE_PEOPLE[ 
MALE(GREY_HAIR, 
WEARS[(DARK) 
SUIT),MALE( 
DARK_HAIR,
WEARS[(PINK) 
T-SHIRT,(BLUE_ 
JEANS]
TREES, CHAIRS

P8(FEMALE, 
PASSES_BY, 
HAVE[(GREY) 
HAIR],WEARS 
(LONG)(GREEN) 
DRESS]
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convoi:8a tion people ' s fea tnres actions backgrovmd place time

P 4 ("OH !, JOHN 
NEVER INVITES 
ME OVER TO THE 
HOUSE. I AM 
ONLY JUNIOR 
PARTNER.")
P7 ("I GUESS 
YOU WOULD BE. 
WHAT ARE YOU 
DRINKING, 
BOBBY?.")

P4("JUST WHITE 
WINE".)

P7("WINE?,GET 
THIS MAN A 
REAL DRINK.")
P4("NO, THE 
WINE IS FINE.")

PI("SO, TELL 
ME; HOW ARE 
YOU DOING?") 
P4("GREAT.")

P7,P4(START 
WALKING(T0_‘ 
BAR) )

(WHITE)HOUSE, 
(RED)ROOF, BAR 
BARTENDER (HAVE 
[ (DARK) HAIR] , 
WEARS[(WHITE) 
SHIRT,(BLACK) 
BOW TIE]

G
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P7 (TAKES( 
P4'S GLASS),

GIVES(TO_THE 
BARTENDER))

PI(COMES_UP( 
TO P4))
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Epxsode 3

conveys a 11on
PI("WHAT ARE 
YOU DOING 
HERE?")

P 2 ("WE NEED 
TO TALK.")

people's features actions ha ckgrovind place

PI(FEMALE,HAVE[( PI(OPENS(
(LONG)(BLOND)HAIR THE DOOR))
(BLUE)EYES],WEARS --
[(BLACK)(SLEEVELESS)
DRESS] --

PI("HONEY,YOU 
SEEM UPSET.IS 
THAT BECAUSE 
I WANTED 
SOMETIME ALONE, 
I 'VE TOLD YOU 
I'VE JUST 
NEEDED 
SOMETIME.")

P2("WHERE IS 
MY RING?")
PI("IT IS IN 
MY JEWELLERY 
BOX AT HOME")

P2 (MALE, HAVE [ ( 
BROWN) HAIR, 
(BROWN)EYES] 
WEARS[(WHITE) 
SHIRT,(STONE) 
JACKET,(BLACK) 
TROUSERS]

P2(WALKS_IN, 
SHUTS(THE_ 
DOOR)

PI(TOUCHES)P2

P2(HOLDS(PI 
HAND),LOOKS

S
AT)

(WHITE)DOOR I
time

0
(sec)

TREES 1
(WHITE)WALLS, 
(WHITE)TABLE, 
LAMP(IS_ON), 
PICTURE(0N_ 
THE_WALL), 
CHEST_OF_ 
DRAWERS
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conversa, tx on people's features actions background place tixae

P2'S VOICE 
IT IS NOT 
THERE")

P2("LAURA, THERE 
IS SOMETHING 
GOING ON HERE, 
DAMN IT ! .
I MEAN EVER 
SINCE WE HAVE 
BEEN ON TRIAL. 
YOU ARE ACTING 
DIFFERENTLY.")

P2("COMMON, GET 
YOUR CLOTHES!
WE ARE GETTING 
OUT OF HERE.")

PI("LOOK, JOHN!
I AM NOT GOING 
ANYWHERE WITH 
YOU. YOU CANNOT 
ORDER ME ROUND."

P3(STANDING, 
LISTENING, 
IN_ANOTHER( 
ROOM))

P2(SHAKES( 
HIS_HEAD))
PI(STANDING)

P2(LOOKS ROUND) 
P2(MOVES(TO_A_ 
DOOR)
PI(FOLLOWS)P2

P2(HOLDS(THE 
DOOR KNOB)

P3 (MALE, HAVE 
[(BLACK) 
(SHORT)HAIR], 
WEARS[(BLACK) 
JACKET, TIE, 
(WHITE)SHIRT] 
(WHITE)BLINDS
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con̂ rcTsa. tion people's features actions background place tixae

P2 ("I AM PART 
OF THIS AND I 
AM GOING TO GET 
TO THE DAMN 
BOTTOM OF IT.
YOU KNOW THERE 
THERE IS SOME 
KIND OF DAMN THING 
GOING ON.")

(A_SHOT_OF_
P3(LISTENING) 
P2(OPENS(THE_ 
DOOR))

-35
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Episode 4

convex:s a tion people ' s fea tvires actions hackgrovind place time

PI ("THIS IS NOT LIKE 
YOU, JOHN")

P2("NOTHING IS LIKE 
USED TO BE IS IT")

PI("I GUESS NOT"D
P2("AND YOU BELIEVE 
GRANT?")

PI("I DID NOT SAY 
THAT")

PI(FEMALE,HAVE[(LONG) 
(BLOND)HAIR,(BLUE)EYES 
SPOT(ON(CHEEK))],
WEARS[(RED)T-SHIRT( 
WHITE)(STRIPED)SHIRT])-

P2(MALE,HAVE[(DARK)
HAIR, BEARD, MOUSTACHE] , 
HAVE[(BROWN)EYES],
WEARS[(GREEN & BLUE)( 
GREY)(CHECKED)SHIRT])--

STANDING
WINDOW-
PLANTS

STANDING

0
'sec]

STANDING

(COOKING)(IMPLE
MENTS) , (MINIATURE) 
(COW)),(CUPBOARD), 
(SHELVES)

WINDOW
PLANTS

MOVING (TOWARDS 
(PI) )

SHELVES
BRACKETS

MOVING(TOWARDS WINDOW
(P2) ) 
1
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convexs a 11on people's features actions

P2("SHARLENE,YOU 
ACTUALLY BELIEVE 
HIM AFTER 
EVERYTHING THAT 
WE HAVE GONE 
THROUGH")

PI("HE IS VERY 
SICK AND YOU KNOW 
THAT BETTER THAN 
ANYBODY")

P2("SHARLENE, HE 
SET EVERYTHING UP, 
HE IS DESPERATE TO 
DESTROY OUR 
MARRIAGE")

PI("I DO NOT 
BELIEVE THAT"

STANDING

background

 I REFRIGERATOR

BOOKS(IN( 
SHELVES)) 
BRACKETS

place tixae

STANDING REFRIGERATOR

TAPPING HIS 
(FEET U h a n d :

BOOKS(IN( 
SHELVES))

MOVING TO 
THE LEFT

REFRIGERATOR
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comnersa tion people's features actions background place time

P2("Y0U KNOW I 
HAVE NEVER THOUGHT 
I WOULD SAY THIS 
SHARLENE BUT I 
REALLY THINK THAT 
YOU ARE ENJOYING 
THIS...

P 2 ("...I REALLY 
THINK THAT YOU 
LIKE HAVING TWO 
MEN FIGHTING OVER 
YOU")

PI("THAT IS A 
LOUSY THING TO 
SAY, THAT IS A  
LOUSY THING TO 
SAY I AM NOT 
ENJOYING THIS I 
HATE IT ALL. DO 
YOU HEAR ME?")

STANDING NO BACKGROUND 
(CLOSE-UP s h o t :

STANDING : -)BACKGROUND

STANDING

PI("I HATE IT ALL

:-)BACKGROUND

TURNS

LEAVES

(-)BACKGROUND
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APPENDIX VIII. The event catégories used in experiments nine to 
eleven

Trial 1
Burglary First cigarette and 

trouble
neighbour Eric
trip school
looked out buy
stranger cigarettes
loitering loo
suspicious smoking
alarm fell ill
switched off sent home
ladder father
fire escape ask
noise lies
alerted rucksack
police packet
search discovery
arrest grounded

Trial 2
Cheating on an 
exam

Car accident

Louis Matthew
first form work
exam late
difficult paper traffic
friend near speed limit
cheat rain
teacher oncoming car
caught wet surface
denial skid
principal off road
confession ditch
pleading mud
call damage
mum dented bonnet
detention insurance

Trial 3
Career change Thief at a hotel
Robert A  boy
work hard porter
promotion hotel
manager j ewellery
difficulties stolen
stress security guard
resignation investigation
job centre evidence
boss witness
meeting finger prints
confidence handcuff
offer solicitor
low pay court
negotiation verdict
employed prison
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Trial 4
Explosion at a 
cinema

Looking for job

gas leak Martin
explosion graduate
big hole university
cinema seeking for
glass doors career
shattered vacancy
casualties advertisement
trapped application
shocked reply
rescue team competition
first aid interview
cause nervous
unknown questions
engineers inexperience
inspection rejection

Trial 5
Football hooligans Kidnap
match novelist
first half mysterious
defeat disappeared
angry fans detectives
flying bottles puzzled
chairs last seen
thrown shopping
unsafe barriers flat
knocked down empty
cancelation door open
players daughter
escorted phone
armed guard ransom
tear gas dead line
pacify release

Trial 6
Bank robbery Dinner party
robbers colleagues
disguise inviting
in wig cooking
bank oven
armed laying table
threaten napkin
cashier sherry
green van bell
parked door
drive off meal
streets chatting
block off dessert
shooting dirty dishes
chase liquid
get free rinse
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