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Technological advancement has changed the nature of interactions within
modern Ulan-machine systems, with workload becoming more a load on the
mental ca~cities of the human systems component than on his/her physicalcapabi.li.t.i.es, . Moreovel.·, increased system capab;.lities may have
dispro~rtionately reduced the time available to perfonn these mental
operat~ons, thereby adding new and more complex cognitive tasks. A conceptcrucial to the evaluation of modern man-machine systems is that of the
resulting implications of loading and overloading the cognitivecapabilities of the hunan systems component, namely the measur~~nt ofmental workload.
For the assessment of mental workload experienced by individuals performing
complex cognitive tasks, analytical ;:;uccessis dependent upon an accurateand robust model of task demands , Models of this nature are to be found
within the inductive reasoning paradigm, particularly in the domain ofanalogical reasoning (e.g., Evans, 1968; sternberg, 1977; Mulholland,
Pellegrino and Glaser, 1980). sternberg's (1977) pioneering attempt to
specify the performance components in forced choice geometric analogy.solution , in particular the linear componential models he proposed,
constituted the basis for the empirical and theoretical issues explored in
this research.
The present research design attempted to compensate for some of the flawsinherent in contemporary componential analysis and mental workload
research, e.g., the use of snaIl numbers of h¥POt~esis and researchsophisticated subjects (e.g., Mulholland, Pellegr~no and Glaser, 1980).
The design itself is not unusual, but the controls for experimental denandcharacteristics and the concern to avoid implicit strategy priming andresponse set creation were important steps to minimise further extraneous
influences.
By contrast, the analysis was both novel and explanatory. The applicationof an appropriate cluster technique offered a significant development in
the exploration of the information processing components involved in, andstratec;Jies employed for cognitive task solution. Furthennore, the
invest~gation of performance on a stable cognitive phenomenon, i.e. , t.he
forced choice ~eometric analogy task, under conditions of varyingcomplexity and uncertainty, I?rovided valuable insights into the influence
of mental workload on cognit~ve ·taskperfotnance.
A certain arrountof time sharing was found to take place in experimental
task solution. This revelation was of great significance in the context of
the present research, since the notion of time sharing is a rejection of a
rigid sequential strategy to cognitive task solution: in favour of a more
integrated strategy involving interactive information processing.
Based on the present research evidence it appears that the amount of mental
workload imposed by the same actual task demand is a functdon of cOc;lnitivecapability and strategic flexibilit¥, Fuxtr~rmore, the mecha~sn of
strategy choice was identified as be~ng central to the level of cognitive
task performance.
The na·ture of the present experimenL..ldesign and procedure was such thatit produced findings which could have signific nt ~lica~~ons for future
componential analysis and mental workload research, as well as for the
eVcluation of work involving cognitive task performance.
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CHAPTER 1

INTRODUCTION

A concept crucial to the evaluation of modern man-machine
systems is that of the resulting implications of loading
and overloading the cognitive capability of the human
ccmponsnt., namely, the mcaeu.rement; of mental workload.

In the past, mental workload research has been r~liant upon
implicit models of cognit.:'vetask demands, however, it is a
contention of this thesis that for assessment of mental
workload experienced by individuals performing r.umplex
cognitive tasks, success is dependent upon an accurate and
robust model of task demands. Models of this nature are to
be found in the inductive reasoning paradigm, particularly
in the domain of ana]')qi;;alreasoning (e.g., Evans, 1968;
Sternberg, 1977; Mulholland, Pellegrino and Glaser, 1980).
Inductive reasoning ability has been prominent in theories
of human intelligence, pJ.dying a central role in its
aSSessment. A variety of tasks have been used to ascess
this ability (e.g., classification problems, series
completion problems, analogy problems and matrix problems),
of which Pellegrino and Glaser (1980) regard the analogy
problems as the most pervasive.

until recently, questions concerning the nature of
individual differences in cognitive capacity have been
addressed primarily by the psychometric branch of
psychology. This field has been successful in deveLopi.nq
tests that
that are

measure significant aspects of human behaviour
related to the processing of verbal and nonverbal

information
individuals

and that are useful in discriminating among
who are more or less likely to succeed in

.;
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academic or reJ,ated endeavours, What has been lacking in
the field is a clear understanding of the nature of the
processes underlying performance on the tests, how
individuals differ in terms of these processes, and the
task characteristics that influence these performance
differences.

DesJ,litethe
on tests

long history of inclusion of analogy problems
of aptitude :l.ndintelligence, a combined

t~eoretical and empiral analysis of the component cognitive
processes involved in analogical problem solving has only
recently become an active research area (e.g., Pellegrino
and Ingr.am, 1977; Sternberg, 1977, 1978; Sternberg and
Rifkin, 1979; Pellegrino and Glaser, 1979, 1982; Sternberg
and Nigro, 1980; Mulholland, Pellegrino and G7aser, 1980).
Sternberg'o (1977) attempt to sp8cify the performance
components in this probLem type, constitutes the basis for
the empirical and theoretical issues explored in this
thesis.

Based upon
processing
sternberg
analogical
information
sUfficient
processing

his pioneering investigation of the information
components involved in analogy task solution
(1977) dAveloped a componential theory of
reasoning in which he identified a set of
processing components which we believed were
for describing the flow of information

from the beginning to the end of analogy task
solution,
different

and proposed several models, each representing
concerning the order and mode of
Sternberg's research falls into thecomponent

category

assumptions
execution.

analysis.
of cognitive research referred to as componential

Although Sternberg's theory and subsequent
provides valuable insights into the nature of

abilities, it has until now been excludeJ from
research
mental
mental workload research.
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The present study
unrelated research

shall bring
paradigms

together
of mental

the previously
workload and

componential analysis in an attempt to investigate the
extent to which Sternberg's (1977) theory of analogical
reasoning, in particular the linear componential models he
proposed, provides information regarding the nature of task
structure, infoxmation which could serve to enhance the
present understanding of the r.onoeptof mental workload and
its measurement.

This research shall attempt to investigate the extent to
which findings from an apparently stable oognitive
phenomenon, forced choice geometric analogy task solution,
performed under conditions of varying complexity, oan offer
insights into the strategic influenoes of mental workload
variation on cognitive task performance.

By facilitating the possible identifioation of
inappropriate work routines at the oognitive level of task
performance, the present research may contribute to the
development of a more sophisticated notion of task
structure, wh~ch together with an enhanced
the concept of mental workload, could
future research into the development of
reducing the mental workload experienced

understanding of
stand to benefit

strategies for
by the human

component in modern man-machine systems, and have wide
ranging implications for the design of jobs involving the
performance of complex cognitive tasks.

The main body of this ·thesis falls into two distinct
parts. chapt;>:"s2 and 3 set the theoretical and conceptual
framework for the research, whilst Chapters 4, 5, and 6 are
concerned with the execution, analysis and interpretation
of the research itself.
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CHAPTER 2

THE NATURE OF COGNITIVE WORK

In the past, the relatively limited capacity of technical
devices allowed for the accurate description of the
required human machine inputs, their interactions and
subsequent system outputs of man-machine systems.
Furthermore, the overt nature of the inputs, interactions
and consequepces facilitated system performance evaluation
for the purpose of enhancing system efficiency and
protecting user wellbeing.

Technological advancement, however, has changed the nature
of interactions within the man-machine system, with modern
equipment taking over many of the complex and integrated
tasks previously assigned to the human systems component.
consequently, the individual's role in automated systems
has changed from that of a generator and transmitter of
physical energy to that of a decision maker, monitor and
supervisory controller (Leplat, 1978; Linton et 'il.,1979;
Mulder and Mulder, 1983).

The fact that the individual's need for t-~lysicalexertion
has been reduced, should however, not be taken as the
implication that his/her workload has been reduced
simultaneously. Indeed, workload has become more a load on
the mental capacities of the individual than on his/her
phys ical capabilities. Moreover, Lintoll et al. (1979)
argue that increased system capabilities may have
disproportionately reduced the time available to perform
these mental operations, thereby adding new and more
complex cognitive tasks.

4



The view presently held by cognitive ergonomistsr is that
the introduction and rapid expansion of automation within
the workplace has served to transformr rather than reduce
the involvement of the human in systems operations (Linton
et al.r 1979; MoraYr 1982). Such an orientation has led to
the realisation that traditional descriptive and evaluative
techniques are no longer adequate for present day
sophisticated man-machine syste~s (Tsang and Johnsonr
1987) . The need has therefore arisen for system design to
describe human performance in terms of cognitive function,
and to evaluate it accordingly. A concept crucial to the
evaluation of modern man-machine systems is that of the
resulting implications of loading and overloading the
cognitive capabilities of the human componentr namelYr the
measurement of mental workload.

The Concept of Mental Workload

Albeit that
workload
the field
Wierwiller
given the
this arear

';C'"....,
the understanding and assessment of mental
considered a topic of critical importance in

of cognitive ergonomics (Moray, 1982: Casali and
1983; Wickens et al., 1986; Barberr 1988)r and
vast amount of work that has been conducted in

there is as yet no universally accepted
definition of mental workload and consequently no agreement
on how to measure it. Moreoverr much of the research
conducted in the domain of cognitive ergonomics, e.g.,
Weiner (1982); Casali and Wierwille (1983); Wickens et al. r

(1986) r while undoubtedly based upon Valid possibilities,
remains essentially predictive in nature, thus failing to
contribute significantly to a theoretical understanding of
workload.

Characteristic to all empirical investigationr the
rationale. for researching merrt.aI workload is inextricably
linked to the definition of the issues to be investigated.
In recent times, one of the more popular approaches to

5



workload analJ:sis "las to consider mental ,oforkloadas
analogous to physical workload. Theorists adopting this
approach, e.g., Welford (1978); Weiner (1982)i Mulder and
Mulder (1983), hav~ attemptad to define mental workload in
terms which apply to its
time stress, strain etc.
cognisance of the fact

phys~ al equivalent:- force, work,
It 15, however, important to take

that the majority of such theories
were proposed several years ago, before research conducted
in the area of mental workload had reaohed p',sent levels
of sophistication. As a result, oaut.Lc.i shou.' d be adopted
in considering such theories as definiti.e literature upon
which to base current research. In fact, a major criticism
levelled
reliance

against workload research, is the continued
by other wo.rk.Load theorists on the physical

approach as providing
Of greater concern,
conclusions drawn from
research based upon

the basis for their investigation.
however, is the nature of the

such experimentation. Essentially,
a physical concept of workload

constantly measures physiological activity in a
stimulus-response type paradigm. Since it kS possible to
measure physiological change in both an accurate and
objective fashion, it is very often taken for granted that
the results yielded by such experimentation are both valid
and reliable. Such conclusions should, however, be
regarded as
attractiveness

highly questionable, since
of the physical analogy,

despite
due to

the
its

familiarity and
simplified view
mental workload

ease of quantification it provides an over
of the complex cognitive processes of
and their effects on human performance on

problem solving tasks.

Most significant here is the fact that physical approaches
are limited to a consideration of only those system inputs
and responses which are overt and measurable. It would
therefore appear that physical theories lack the scope
necessary to consider internal psychological processes. Ao
a result, the physical stimulus-response type approach will

6



either fail to detect important internal processes and
consequences altogether, or will be incapable of explaining
certain overt responses due to their internal psychological
origins. The end result is a theoretical base with
negligible predictive povez, the value of which, for the
purpose of assessing mental workload on cognitive tasks, is
highly questionable.

In recent years,
physical approach

a realisation of ~he limitations of the
led to the development of an alternative

paradigm
mental

concerning
workload is

mental w'orkload. within this paradigm
regarded in information,

Hacker et
processing

al., (1978),terms e.g., Bainbridge
Moray (1979, 1979a).

(1978),

The information processing paradigm was developed as an
alternative to the stimulus-response concepts of
behaviourism (sternberg, 1977). The major argument against
stimulus-response concepts was that they were a gross
oversimplification:-

" correlations between stimulation and response must
be mediated by an organised representation of the
environment, a system of concepts a'1drelations within
which the organism is located. A humar, being builds up
an internal representation, a model of the universe, a
schema, a cognitive map "(Miller et al., 1960,
pp.6-7).

The common new emphasis was:-

" the exploration of complex processes and the
acceptance of the need to be explicit about internal
symbolic mechanisms" (Newell and Simon, 1972, p.4).

Human information processing theccy assumes that behaviour
is a consequence of the internal flow of information within

7
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the organism, which is believed to occur at a number of
stages (McCormick and Sanders, 1982). certain cognitive
handling facilities are present at each stage, their
purpose being to process information into some
understandable and usable form (Norman and Bobrow 1975).
Such facilities include:- some form of information
reception
(Card et

mechanism, known as
al. 1983), which

the Perception Mechanism
is responsible for the

stimuli (Navon and Gopher,
into a state which can be

differentiated recognition of
1979) and their transformation
interpreted by lat~r processing mechanisms. Mccormick and
Sanders (1982) emphasise that the source of stimuli can
arise either externally to the orgqnism, or i.nternallyfrom
some other processing mechani.sm and be represented for
perception through feedback loops and integrated linkages
bet· stages. After perception, stimuli enter what;Card
et d.L., (1983) refer to as 'Processing stages' which are
thought to include:- SOme form of information storage (long
and short term memory) (Smith and Langolf, 1981);
operations designed to enter information into memory by
coding (Shiffrin, 1975); loca'.:ionand retrieval mechanisms,
decision making mechanisms based on information and task
requirements (Kantowitz and Roediger, 1980) i and finally,
response operations selected from a range of response
resot1)'ces(Navon and Gopher, 1979).

Information processing theorists describe mental workload
of mental task demands which impose a load on
information processing mechanisms (Bainbridge,

The efficiency with which each mental processing
mechanism deals with mental task demands is a function of

in terms
cognitive
1978) .

two factors. Firstly, the task characteristics (Navon and
Gopher " 1979), which include interalia - stimulus quality i

distribution of demand across processing resources
(Wickens,
discrete
expertise

1984) i time available for processing of each
stimulus (Hacker et al., 1978), and secondly, the
or sophistication of the processing mechanisms

8



themselves (Bainbridge, 1978; Hacker et al., 1978; Leplat,
1978; Teiger, 1978).

It would appear realistic, at this stage of the present
discussion, to contend that the lack of Qonsensus upon the
definition and measurement of mental workload (Williges and
Wierwille, 1979; Moray, 1982) may be ~ttributable to the
attempts by theorists to define workload as a unitary
concept, having simple characteristics and effects.

A unitary approach to mental workload and its measurement
leads to methodological problems since the level of
definition is often inappropriate for the level of research
conducted. Thus, as a result of the uncertainty
surrounding the concept, certain theorists have adhered to
a number of untested and often invalid assumptions from
which they propose methods of defining and evaluating
mental workload (Teiger, 1978; Welford, 1978).

since it is a theoretical construct, mental workload might
best be defined operationally, as this would facilitate
dealing with the concept at various levels of detail so
that the details of the experimental design are adequately
justified, thereby yielding logical and interrelated
results and conclusions. For present purposes then, an
information processing approach will be used as a basis for
the construction of an operational definition of menta~
workload and its consequences for task performance.

It was highlighted earlier in this chapter that the
developing sophistication of man-machine systems has
altered the nature of task demands encountered by the human
component, from mainly psychomotor demands to demands on
his/her cognitive functions. Consequently, the workload
experienced by operators of sophisticated automated systems
can be more accurately described as 'Mental Workload' and
redefined as 'the extent to which an individual is able to

9
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fulfill the mental task demands imposed by the task in
whLoh he/she is engaged.'

Phase two of an operational definition involves the
consideration of certain aspects in more detail. In human
information processing tenus, performance and workload
appear to depend upon the interaction of four factors:- the
mental taak demands (Bainbridge, 1978); the information
processing capacitities of the performer (Hacker et al.,
1978); the strategies used to rela'tedemands to cognitive
capacitities; and when a range of cognitive strategies is
aVailable, skill in choosing the most efficient (Norman and
Bobrow, 1975). Rather than considering the factors
individually, for present discussion purposes, they will be
dichotomised into:- those factors which are task
determined, i.e., the first of the four factors listed
above; and those factors which are operator determined,
i.e., the latter three factors listed above. Rolfe et al.,
(1974) and Leplat, (1978) refer to these t.wc factors/groups
of factors as 'Task Orientated' and 'Operator Orientated'
determinants of mental workload.

Determinants of Mental Workload

The advent aD complex, integrated man-machine systems
necessitated the creation of a procedure that could specify
human performance chara~teristics in a system. The
specification of those requirements should facilitate
improvements in system design and overall system
effectiveness. "For praot.Lcaj.purposes, the acquisition of
that type of information constitutes a task analy..is"
(companion and Corso, 1982, p.459). Drury (1983) describes
task analysis as providing a formal comparison between the
demands which the tas)c imposes on an individual and the
capabilities he/she possesses to deal with these demands.

10
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Task orientated Factors

Essentially, any
the cognitive
interpretation
itself will

given task imposes an actual demand upon
processing mechanisms required for its

and resolution. The nature of the task
determine the extent of the load placed upon

each mechrnism involved in task performance.

Research )nducted by Wickens et al. (~986) to assess the
actual w. kload demands imposed by complex cognitive tasks
served to highlight two important characteristics of

level of
information

Firstly, tha~ human information processing
are limited. Irrespective of an individual's
skill/experience, his/her ability to process
will be subject to an upper limit (Hicks and

workload.
resources

Wierwille, 1979). The most significant implication being
that overload is possible. It has been noted (Norman and
Bobrow, 1975) that as workload levels near the upper limits
of an individual's capability, a gradual deterioration
occurs in his/her information processing performance.

The gradual nature of performance deterioration may be
attributed to 'e second characteristic highlighted by
Wickens et a] (19'JG)I namely, interference between the
demands of i: .vLdual, tasks and the processing stages
themselves. Kantowitz and Roediger (1980) theorised that
human informatioll processing
different patterns, \'liththe

stages can
simplest

be arranged in
pattern, 'serial

processing' occurring when 'thereis a chain of stages with
the oputput of one stage being the input of the next. Due
to the complex nature of certain cognitive tasks, e.g.,
process control, serial processing is highly unlikely.
More likely, information will be subject to parallel
processing - when several stages simultaneously have access
to the same inputs and outputs, or hybr.idprocessing -
where serial and parallel processing occur in the same
activity. Increasing task demands on human information

11



processing ..mechanisms
in the complexity of

results in a corresponding increase
processing patterns in ord":r:to

maintain simultaneous performance across a number of
sub-tasks. The limited capacity of the human information
processing system prevents an individual from performing
more and more operations in order to satisfy task demands.
Instead, 'time sharing' the performance of two or more
activities ir rapid alternation (McCormick and Sanders,
1982) will occur. A consequence of time sharing is that
interference occurs between processing activities (wickens,
1987), resulting in deterioration in the performance of one
or all of the tasks between which resources are ~~ared.
Dual task interference is greater when the tasks share the
same inputs or response modality or make equivalent demands
on internal processing mechanisms (McLeod, 1976).

These characteristics, namely, that the demands imposed by
two oT. more related tasks may compete for the resources of
a limited capacity system, have important implications for
the techniques of mental workload measurement. These
implications will be discussed in finer detail in the
section Spare Mental capacity (Secondary Task) Measures
later in this chapter.

Numerous ways exist in which to describe and analyse work
and human involvement with it (companion and Corso, 1982;
Peterson and Bowas, 1982). What is frequentiy ovarlooked
is that these different forms of work and task analysis
have evolved to serve different analytic objectives.
commenting on task analysis, Drury (1983) maintains:-

"This analysis is identical whether it is to be used to
design the equipment, the procedure, the training
scheme or the selection requirements. How
implement<d will differ greatly in each case
(p.19).

it is
"

12



Selecting the 'correct' form of analysis is therefore
dependent upon the objectives of the analyst. Having
discussed the use of task analysis in the context of mental
workload research, attention will now be directed at its
role within the domain of ergonomics.

The success of any attempt to design interventions into
man-machine systems viiI 1 be largely dapendent. upon the
extent of the designer's understanding of the fundamental
functions to be performed by the system under investigation
(Meister, 1971; 1976). It is important to emphanise that
at the initial stages of consideration, the ergonomist is
primarily concerned wi~h the identification vf function
rather than with organisational roles. within this
context, Drury (1983) defines functions as the major
logical units of behav~our (in terms of either hUman or
machine activity) which are needed to accomplish the
objectives of the syste~. Closely associated with this
concept of abstract function is the notion of the 'task' as
the molecular unit of hUman-machine system activity.

Tasks are similarly defined by Drury (1983) as being the
smallest units of behaviour which need to be differentiated
in order to solve the problem at hand.

"The principal aim of the ergonomist in analysing
work-supporting structures must thus be to provide a
detailed description of functions and tasks in terms of
their interaction with the overall system's purpose and
its implications for the human-machine
workspace-environment configurations wh~ch must support
task performance" (Fisher, 1986, p.453).

man-machine systems become more cognitive, involving
As task demands upon the human component in modern
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largely observational t"i+:h the emphasis being on
standardisation, which focus on psychomotor abilities and
physical proficiencies, and which have their foundations in
organisational psychology and psychometrics, for example,
Fine's Functional Job Analysis (Fine, 1963) and Mccormick's
Position Analysis Questionnaire (Mccormick, Jeanneret, and
Mecham, 1969), become less useful and increasingly
difficult to perform. Rather, an approach focusing on
human cognitive abilities, emphasising decision-making and
information handling aspects of work is required.

Harker and Eason (1980) proposed a highly versatile

"

approach to task analysis based
socio-technical systems theory to

upon the upplication of
~he structure of the

task, with the emphasis on systems ergonomics and the
cognitive psychology of task demands. Commentincron forms
of task analysis such as those proposed by Fine (1963) and
McCormick, Jeanneret, and Mecham (1969), as well as more
current forms, Harker and Rason (1980) emphasise that task
conditions tend to be confused with task performance and
that, moreover, by
performance factors
demands the analyst
task conditions with

concentrating on the conditions and
for the usual fulfilment of task
will fail to conceive the variety of
which the task performing structure

must cope. This wi.llhave significant implications for the
range of skills needed by the human operator as well as for
the flexibility of the fundamental task structure needed in
order to cope with varying demands.

Harker and Eason (1980) suggest that by concentrating on
the transformations that the task structure must undertake,
a. more comprehensive understanding of these varying demand
characteristics will be obtained. This will facilitate the
reconceptualisation of the task in line with the theory of
socio-technical systems (traditionally applied to
organisations) , where the task is regarded as a
self-organisi~g, self-sufficient system displaying

14



properties and components similar to those of any other
organisation unit.

The analysis itself comprises six phases of investigation,
focusing on these components and their relationships. For
present purposes a detailed discussion of these phases
would seem appropriate.

The first
boundaries

phase requires the establishment of the
of the task system. This enables the analyst to

pre8cribe
identify

the extent of his/her immediate interest, t9
t.he level of organisational action at whi.chthe

analysis will take place, and to IIpreserve(as input and
outputs, etc.), the critical relationships with other
organisational levels without involving the (often
synthetic) partitioning of task components into assumed
component levels" (Fisher, 1986, p ,454).

The second phase involves determining the goals of the task
system. The extent to which these can be specified will
indicate a great deal about the flexibility of the system's
structural requirements. However, it is possi.bl,e to
identify for any task structure a range of goals, many
being sought simultaneously. Where there is a multiplicity
of goals there' must be a trade off between them, and an
analysis of goals requires the analyst to establish a
priority of goals. Furthermore, it is necessary to
differentiate between those goals set as the product of
work production
ensuring the
itself (e.g.,

as against those which are concerned with
1tinued viability n' the task structure
Human safety Lth, and care and

maintenance of equipment, p~

Phase three compr;i.ses identifir.[l.'tionof the type and
degree of 'openness' to the task inputs. Of importance
here are the range and predictability of the inputs
themselves as well"as the degree of control over them that
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the task system is able to exert. The more 'open' the
the greater the demand for the task structure tocondition,

be flexible
this phase

and adaptive. The essential reguirement in
of analysis is to establish the task parameters

both variable and critical to task performance,which are
and to focus attention upon the performance strategies
necessary within the task performing structure.

The fourth phase in the analysis concerns the detail of the
transformation processes undertaken by the task system.
The main objective being to identify the invariant
transformational characteristics, time constraints,

relationships, etc.,
input variability.

sequential, reciprocal and parallel
and their relationships with goal and

The fifth phase involves extracting from the description of
the system which has eme.ged fr~m the first four phases, a
minimum system struct which would achieve the
transformations necessary, given goal and input
conditions. This enables the analyst to remove any
preconditions of system structure which may be induced by
overfamiliarity with existing or traditional systems and
use the minimum structure as the basis for a variety of
task performing configurations.

Having reached an understanding of the various factors
influencing the task there is still the requirement of
specifying the characteristics of those parameters
impinging upon task performance which may be externally
determined. The sixth and final phase in the analysis is
concerned with the process ot making such specificat~ons.
Based upon the minimum systems structure emerging from
phase five I together ",ith his/her understanding thereof,
the analyst is required to consider a further six aspects
in order to begin constructing an alternative optimal task
su?porting entity, vis, what skills and capabilities need
to be contained \vithinthe task system, what should be the

16



roJe of the human; what the implications are fo~ interface
design; what changes if any should be made to the task
structure in order to best satisfy the minimum structure
revealed at the fifth phase; and lastly what provision
should be made for selection and training (Harker and
Eason, 1980).

Despite the theoretical appearance of the analytical
p'ocedures proposed by Harker and Eason (1980), when
considered from the perspective of socio-technical systems
theory, it becomes evident that they are the re-assertion
of certain fundamental concepts drawn from organisational
theory, rearranged to explore task structuring. In
practice, the nature of these concspts enables the analyst
to use the same tool across a wide range of task
structure. Fisher (1986) considers the major advantage of
this approach to task anaLys+s as being litheability to
incorporate full expression of task components and their
relationship to the broader organisational structures which
support them, without dependence upon any detailed analytic
involvement i·lith the entire organisational structureII

(p. 456) •

The form of task analysis proposed by Harker and Eason
(1980) would appear to surpass most current. forms of
analysis by allowing +he '.lystto take into consideration
the broad range of conditions with which the task
performing structure must cope, thereby enhancing the
flexibility of the fundamental task structiuxeto cope .ith
varying demands. Furthermore, the propos.ed procedures
provide information conc.ornLnq the nature of the task in
terms of the necessary human, technological and
environmental SUb-systems at a level of descrip~ion
f",·.::...litat~ng detailed consideration of the interacting
elements but without necessitating a predisposition to a
solution strategy (Fisher, 1986).

17
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Given the issues highlighted in this section concerning the
use of task analysis in the context of both metal workload
research and ergonomics, it is contended that for the
assessment of mental wOJ:kload experienced by individuals
performing complex cognitive
dependent
demands.

upon an accurate
M~dels of this

tasks, analytical success is
and robust model of task

nature are to be f'ouncl in the
particularly in the domain of
sternberg, 1977; Mulholland,

inductive reasoning paradigm,
analogical reasoning (e.g.,
Pellegrino and Glaser, 1980).

Based upon
processing
sternberg
analogical
information
suffir.ient
processing
solution,
different

his pioneering investigation of the information
components involved in analogy task solution
(1977) developed a componential theory of
reasoning in which he identified a set of
processing components which he believed ~ere
for describing the flow of information

from the beginning to the end of analogy task
and proposed several models, each representing
assllmptions concerning the order and mode of

component execution (see the sections sternberg's
Componential Theory of Analogical Reasoning and
componential Models of Analogical Reasoning in Chapter 3
for detailed discussions of the theory and models
respectively). Sternberg's research falls into the
category of cognitive research referred to as componential
analysis. Although sternberg's theory and subsequent
research provide valuable insights into the nature of
mental abili'ties, it has until now been excluded from
mental workload research. However, based upon the findings
of their componential investigation into the relationship
between item content and processing operations in geometric
analogy task solution, Mulholland, Pellegrino and Glaser
(1980) suggested that working memory limitations associated
with high levels of item complexity cOuld have a moderatil"''1
influence on overall solution ~'ategy. No research has
since been undertaken to investigate this assumption, as it
would apply to geometric analogy task performance.

18
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It is a major contention of this thesis that sternberg's
theory, and componential models in particular, could well
provide valuable information regarding t~e nature of
cognitive task structure, and the influence thereof upon
the mechanisms of strategy choice. This information could
serve to enhance the present understanding of mental
workload and its strategic influences on cognitive task
performance.

operator orientated Factors

Operator-orientated factors inclUde the information
processing capacity of the human systems component, and the
proficiency with which he/she recognises the use for, ~nd
make Use of these capacities in task performance.

capacity to
source of difficulty in relating processing

task demand is that the precise ways in which
performed differ widely between individuals and

A common

tasks are
within anyone individual 011 different occasions. There
are usually several ~.,aysin which task demands can be
related to or "mapped-onto" capacities. In other words,
there are usually different methods or Istrategies I for
achieving adequate performance, some being more efficient
than others. Skill, in terms of cognitive task
performance, would therefore appear to lie in selecting the
most efficient out of any range of available information
processing
Bainbridge
consider
practice.

strategies. In fact I numerous theoristsI 'j. g. I

(1978) i Hacker et al. (1978)i Leplat (1978)I
processing expertise to be a function of skill and

Bainbridge (1978) suggests that increasing experience may
have several effects on both the number and type of
decisions which must be made to choose an appropriate
strategy.
strategy

The experienced individual may use a particular
automatically, because the alternatives have been
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assessed against decision
so a decision would be
learned the properties of

criteria on previous occasions,
redundant. The individual has

the processing strategy and of
his/her own behaviour in relation to it, thus facilitating
the selection of an appropriate strategy without
exploration, by fore-knowledge of results. Consequently,
the experienc:ed individual does not have to carry out the
alternative strategies to discover whether they are
appropriate, therefore time and effort are not wasted on
inadequate methods. The processing strategy is controlled
with low error and low uncertainty, allowing the individual
to have better control of the amount of mental effort
he/she expends.

For an inexperienced
more complex and

portion of the

individual all processing strategies
uncertain, and therefore s Lovre.r , A

individual's st1:'ategyis concerned
are
major
with how to complete the task, with decisions about his/her
own performance such as learning and exploration, rather
than dealing directly with the task demands. The
experienced individual does not have to make decisions at
these learning levels, so not only is the amount of work
reduoed, but a higher proportion is directly task related.
An eval.lation of the task performance of an expe.rienced
individual wou~d suggest that he/she has a larger
information processing capacity than an inexperienced
individual, but this may occ~r only because more of the
mental work he/she performs in a given time is directly
task related.

Thu~, it would appear that increased experience serves to
enhance an individual's level of proficiency on a specific
task or group or tasks, thereby reducing the metal effort
he/she expends in order to meet task demands.
consequently, the same actual demand will impose different
levels of operational workload dependent on the cognitive
capabilities of an individual.
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An increa.se in the demands' imposed by a cogn.iivetask
should affect strategy choice. (Bainbridge, 1978). When
task .demands increase, it is important to establish whether
an individual can use a different working method which will
yield increased task performance for the same amount of
mental work (Sperandio, 1972).

Tn well practised behaviour, changes in efficiency have
occurred at a..l..!.levels of behaviour organisation, with
complex interrelations between levels and lower levels
being independent of "consciousI monitoring (Bainbridge,
1978) . Should the individual revert to devising new
methods and an active choice of pr.ocessingstrategy, this
could disrupt the parts of task performance ~"hichare
organised autonomously. These Ilowerl parts of task
performance will be integrated, in that they anticipate
certain cues at certain times. Failure of these cues to
arrive at the anticipated times can have a rapifly
destructive effect on task perfurmance, the't"eby
exacerbating the individualIS uncertainty about he
properties and adequacy of his/her own performance.

An individual might select several methods of simplifying
the task should he/she be unable to perform all of the
necessary sub-tasks. For example, he/she may attempt to
continue as normal, find this impossible and so omit whole
sections of the task at random, alternatively the
individual might concentrate on high priority aspects und
forget others. Given a fulle;!:understanding of the
strategy choice mechanisms, it may be possible to predict
what types of breakdown reaction could occur; assuming that
each individual gives main weighting to some particular
type of parameter in the task performance decision.

The preceding
determinants of
that a breakdown

discussion of operator orientated
mental workload would appear to suggest

in task performance under high demands
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could occur as a nat~ral function of normal decision-making
mechanisms, rather than through an actual deterioration in
information processing aapacitities.

Areas of Application For Workload Measures

To a large degree,
workload assessment

the measurement techniques chosen for
will be determined by the intended

usage of evaluation
majority of workload

results. Ho~.,ever,an overwhelming
researchers tend to overlook thid

adopting the attitude that oncefundamental point,
developed, an assessment technique would be valid for all
purposes for which mental workload i~formation is required.

Chiles and Alluisi (1979), reco'rnising the somewhat
optimistic nature of this assumption, nave identified three
major appLd.cat.Lon areas for workload redearch. Firstly,
identifying individuals with appropriate information
processing
fUndamental

and attjtudes constitutesexpertise
element of Selection. Secondly,Personn

system design is an area where measurement would be
primarily concerned with the prediction of workload to be
imposed by new systems, system components or procedures.
Finally, with the case of modern high tech systems, where
new technolog:r' is continually being introduced, expanding
the capabilitiF 3 of the man-machine system and changing the
nature of man-machine interface, it is of particular
importance that workload assessment techniques have the
ability to distinguish between 'taL~ orientated' and
'operator orientated I sources of worlcload. This will
enable the researchers to obtain more information about the
specific locus of unacceptable workload (i.e., design,
training, emotional etc.), by using a method best $uited to
that area of investigation. It is appropriate at this
stage of the discussion to conduct an assessment of mental
workload measurement techniques. The ensuing discussion
will hopefully demonstrate how an inadequ~te theoretical
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framework affects evaluation methodologies and results in
incomplete and often invalid conclusions concerning the
nature and effects of mental workload.

Mental WorkJ.oadMeasurement Techniques

Developing
constitutes

a theoretical
only part

understanding of mental workload
of any attempt towards the

alleviation of unacceptable levels of mental load. Any
attempt at practical intervention relies for its success
upon the translation of theoretical concepts into practical
methods for the measurement and evaluation of workl.oadand
its consequences
at this critical

on cognitive task performance. Attempts
process led to the proposal of numerous

measures, test instruments and
collactively
(Casali and

termed "Norkload
analytical procedures,

estimation techniques'
However, the lack ofWierwille, 1983).

consensus in theoretical understanding of mental workload
(Moray, 1982) has resulted in a severely limited empirical
base for assisting workload researchers in the systematic
selection and subsequent application of appropriate
woz-k.l.oad estimation techniqubs (Casali and Wierwi:i.le,
1984) .

It is of partJ.cular Lnpoz+ance to make cer.taintnat beth
the sell.ction and application of workload measurement
techniques are conducted under the strictest, controlled
experimental conditions, as this will ensure that the
design, procednral or operator-related dec;i.sionsmade on
the basis of theoretical assumptions and incorporated into
the workstation, are in fact valid and will have the effect
of enhancing overall task performance.

Essentially, the high degree of complexity associated with
the validation of mental workload measurement techniques
may be attributed to the transient nature of workload
itself, its locus within an individual's cognitive system,
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the (critical) consequences of individual overload and
traditional problems such as experimental control and
reliability (Casali and Wierwille, 1983).

"Mental workload itself cannot be directly observed and
therefore
inferred
measurable

its presence
from changes

physiological

and
in

its severity must be
overt behaviour and/or

and psychophysiological
J..unctioning"(Casali and Wierwille, 1984, p.1033) ,II

It is significant to note that many of -themeasurement
techniques proposed by mental workload theorists are based
on the assumption of a connection"between mental workload
and some specific behavioural, physiological and
psychophysiological change. Such changes are considered to
be a consequence of load. As a result it is assumed that
by measuring the extent
direct indication of the
workload will be obtained.

and changes
extent and

in consequences, a
changes in mental

In vielV
information

of the
processing

theoretical understanding of human
and its outcomes, it lVouldseem
an individual would experience somevalid to

r.eaction
assume that

The fact
or consequence as a result of mental lVorkload.
that 'human information processing mechanisms are

implies some eventual tasle related outputactiviated,
(performance, decision making, etc.), Ho"fever,problems
are encountered IVhen it becomes necessary to decide upon

behavioural, physiological or
psychophysiological dimensions will change as a result of
wh.Lch of the

mental workload,
how they should

holVthese changes will be manifested, and
be assessed. The type of measurement

technique selected will determine the criteria upon which
decisions of this nature are based. Before embarking upon
an assessment of each type of
consider two requirements,
Wierwille (1983), that must

technique, it is importnt to
highlighted by Casali and
be satisfied by evaluation
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techniques,
Intrusion.

i.e., Method Sensitivity and Low Method

Method Sensitivity

Casali and Wierwille (1983) have defined method sensitivity
as the ability of a measurement technique to "reliably
discriminate between levels of loadingll (p.625). A
measurement technique should be able to isolate the effects
of the task being considered, without retlecting extraneous
variation from other task demands or irrelevant tasks
(Casali and wierwille, 1984) and, having achieved this be
able to provide an account of fhe variation of these·
effects with changes in load.

The assessment of method sensitivity is larg....ly dependent
on the specification of the loading levels themselVes.
Should a researcher find it necessary to discriminate only
betvleen high and low workload levels, this could be
achieved by a relatively insensitive technique. However,
of greater concern would be a situation requiring fine
distinctions between levels of loading. Under such
circumstances the degree of method sensitivity would be a
function of its ability to determine 'statiatically
significant diDferences in workload' (Hicks and wierwille,
1979) . It is important to emphasise that the determination
of loading levels should not be dependent on measurement
technique capability, but rather, a measurement technique
should be selected on the basis of its sensitivity.

Method Intrusion

Method intrusiveness is defined as an "undesirable,
artificial change in instructed task performance, solely
due to the concur-rent, use of a workload estimation
technique, related procedure, or associated apparatus"
(Casali and Wierwille, 1983, p.625).
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Ideally, workload measurement techniques should in no way
intrude upon task performance, as this will have the
undesirable effects of altering performance, thereby
resulting in unrepresentative task behaviour and inaccurate
indices of load. To assess the intrusion effects of a
workload
researcher

measurement technique wouLd require that a
during an instructed task

measures of task setsequence,
apply the technique
and thereafter obtain

performance.

Based on the outcomes of a survey they conducted, which
focused on over 400 references dealing with the definition
and/or measurement of mental workload, Wierwille and
Williges (l978) concluded that workload measurement
techniques can be broadly classified into four main
categories on the basis of their assumptions about the
nature of mental workload and its consequences for systems
performance. These four categories are:-

Primary Task Measures;
Spare Mental Capacity Measurr 3;
Physiological Measuresi
Subjective Opinion Scales.

Attent~on will I now be focused upon the theoretica...basis,
procedural applications, sensitivity and intrusiveness of
each of these categories.

Primary Task Measures

Mental workload theorists (e.g., Leplat, 1978; Hicks and
Wierwille,
the task

1979; Casali and Wierwille, 1983; 1984) refer to
set about which workload information is required

as the primary Task.

Primary task measurement techniques assume that underlying
changes in the workload imposed by the task win be
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reflected by measured changes in primary task performance.
According to the primary task hypothesis, ,\,lorkload
increases will produce a corresponding deterioration in
task performance. A ~eduction in workload levels will,
however, allow the level of task performance to return to
equilibrium. A common feature of primary task measures is
'that in no way do they attempt to explain or evaluate the
cognitive components of load, they merely regard
performance variation as an index of variation in load
(Leplat, 1978).
by comparison
preassigned task

Task performance variation is quantified
of actual primary task performance to
objectives. Typically, task performance

"
is broken down into a number of task dimensions for which
it is possible to obtain quantitative performance data, in
terms of deviations from baseline performance levels.

The number of
determined by
e.g., process
sub-tasks than
will be more

primary task dimensions assessed is largely
the complexity of the p:dmary task itself,
control will involve the performance of more
a simple motor task. Consequently there

dimensions along which variation can be
assessed. It is important to note that despite the
complexity thereof, the breakdown of the primary task into
task dimensions facilitates the selective analysis of
primary task d1mensions. certain workload theorists (e.g.,
Hicks and wierwille, 1979; Casali and Wierwille, J.983,
1984) have combined the measured variations in a number of
dimensions into a single index of primary task variation.
Wierwille and Gutman (1978) demonstrated mUltivariate
measures to be superior to a single dimension measure for
the purposes of post hoc statistical analysis. other
theorists, however, disagree. For example, Bortolussi et
al. (1986) argued that a single sensitive dimension will
provide a more accurate indication of load variations than
will a mUltivariate index, which may comprise certain
dimensions insensitive to variations in workload. To date,
however, the choice of primary task dimensions has been
largely at the discretion of the individual researcher.
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Casa.li
method

and Wierwille (1984) have proposed an alternative
for the selection of primary task dimensions. They
that task dimensions be chosen on the basis of thesuggest

type of processing activities required for their
performance. Casali and Wierwille (1984) based their
selection of primary task dimensions on the Classification
of Universal operator Dimensions proposed by Bel::lineret
al. (1964). The advantage of this approach is that there
is an attempt to link primary task measures to a theory of
workload. COI'sequently,the dimensions measured are likely
to have more validity (in so far as the theory itself is
valid) than those selected purely on the basis of overt
task responses. However, as
measurement techniques, this
recurrent problem of having

with most mental ;vorkload
approach experiences the

to measure the behavioural
component
of primary
and less

which due to the predominantly cognitive nature
task dimensions, becomes increasingly complex

apparent. To evalUate dimensions other than task
parameter deviations in this way, would require more
research into the structure of the primary task.

Given the fact that primary task measurement technigues
have the ability to measure only overt task performance,
the main disadvantage of the method is thus its overall low
sensitivity (Ga'rtner and Murphy, 1976). As a result, many
of the components of the total workload may be overlooked,
e.g., two different task configurations may reflect equal
primary task ratings, but in reality the effort expended by
the subject on one task may greatly exceed efforts on the
other. Furthermore, in terms of the alleviation of high
workload levels, primary task indices fail to indicate
whether the source of workload is either 'task orientated'
or 'operator orientated' or whether the problem is one of
perceptual, mediational or response resource loading, i.e.,
the measure has low diagnosticity (Wickens E?taL, 1986).

The advantages of primary task measurement t~chniques are
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twofold. Firstly, since performance is monitored either by
a third party or, as is more common, by a recording
facility in the equipment itself, such methods are
potentially non-intrusive. Seconjly, the subject is not
required to perform any additional behaviour for
measurement purposes (Hicks and Wierwille, 1979) since
behaviou~ assessed by primary task measures is already
present as part of the normal task repertoire.

Spare Mental capacity (Secondary Task) Measures

In an attempt to create more novel techniques for workload
measurement, researchers began to move away from the
measurement of how much mental capacity ir expended, to the
consideration of how much is not. The qlestion of reserve
mental capacity led to the development of measuremen·t
techniques through the Spare capacity theory and Secondary
Task Method. The spare mental capacity techniques assume
an upper limit on the human operator's processing
abilities.

As discussed in the section Task orientated Factors
earlier in this chapter, the informational demands of two
or more mental tasks compete for the resources of a limited
capacity human information processing system, any
overloading of which will cause performance decrements in
one or more of the tasks (Wetherell, 1981). Alternatively,
should no overloading occur, a certain amount of reserve
mental capacity vlill remain dormant. By measuring the
reserve capacity, an LndIcat.Lcn is gained of the mental
load involved in task performance (Kalsbeek, 1968). Albeit
that primary task measures assume performance variations to
be representative of changes in task imposed Ylorkload,
Kalsbeek (1981) points out that an individual may keep task
performance constant by summoning further effort from a
reserve store kept for the purpose of dealing with short
periods of overload.
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The secondary task method attempts to evaluate the extent
of reserve or spare mental capacity and use this as an
indication of the extent to which the human information
processing system is engaged in meeting task demands. This
is achieved by the introduction of a secondary loading task
to be performed simultaneously with the primary task.
Successful secondary task performance would suggest that
the processing capacity of the individual exceeds the
demands of the primary task (Knowles, 1963) and that there
is adequate spare ~ontal capaci~y for secondary task
performance. However, as the demands of the primary task
increase, reserVe capacity will decrease and secondary task
performance will deteriorate. It is necessary to take into
consider;"~..Lon
by making

the implications of secondary task measures
judgements regarding their sensitivity and

intrusiveness. The first, and most central of these issues
is that of Dual Task Interference.

As discussed in the section, The Concept of Mental
Workload earlier in this chapter, processing occurs in
,'lifferent stages and at each stage there are a number of
~rocessing mechanisms or resources. Should two tasks/task
sets distribute demands across these resources, these will
be time-shared quite efficiently. If however, the tasks
impose demands, on the same resources, interference will
result, causing a deterioration in the performance of one
or both of the tasks. Since secondary task te~hniques are
intended to evaluate the .effects of primary task
performance on the secondary task efficiency, it is
important that the demands imposed by the secondary task do
not draw upon equivalent resoUJ:ces and thus cause
artificial changes in primary task performance through
interference. such intrusiveness would result in erroneous
estimates of imposed workload. Secondary task design is
therefore vital to the viability of Spare capaoity
Techniques as meaSUres of mental workload. A number of
methods have been deVeloped for the purpose'of minimizing
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secondary task interference, these include~- modality
specification, task complexity, temporal structure,
constancy of secondary task requirements anu priority
specification.

Wetherell (1981) argues that when the primary and secondary
task share the same sensory or response modality, dual task
interference will be high. Although inter-sensory
modulation complicates the control of interference effects
(Taylor nd Campbell, 1976), Wetherell (1981) proposes that
by selectinq the modality for the sec. lary task that is
least used in the primary task, such e:tfectscan, to some
extent, be reduced.

A second factor requiring consideration during the
coriatrruct.Lonof a aacondaxy task is the level of task
oomplexity. Secondary task complexity will determine the
amount vf processing capacity required regardless of
modality. Highly complex secondary tasks will therefore
reduce the resources available for primary task performance
(Wickens, 1987), resulting in unacceptable levels of
interference and thus invalidating the measures (Moray,
1982). Similarly, where the secondary task is too
simplistic, sUbject response will quickly become automatic
(Vidulich and Wickens, 1986), irrespective of the nature of
the primary task, resulting in low method of sensitivity.

The third secondary task factor
specification of its temporal
structure can be specified along

to be considered is the
$tructure. Temporal
two dimensions, i.e.,

forced paced or self paced. A forced paced task structure
requires the subject to perfol~ the serondary task at set
intervals. This may be achieved by eitner the presentation
of stimuli at regular intervals, or by specifying that the
secondary task must comply 'ilith certain temporal
requirements. Self pacing refers ~o conditions where the
sUbject performs at his/her own pace. Brown (1978)
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emphasises that since subjects set their own response rate,
self pacing prevents between subject comparisons.
Furthermore, between subject variations in response rate
may well be due to natural pacing rather than an increase
in experienced workload. As a result, Brown (1978)
concludes that for secondary· tasks to be useful vlOrkload
indices, they should be force paced.

The fourth secondary task factor requiring specificat~
the constancy of the human information processing demand of
the additional task from one discrete stimulus to the next
(Brown, 1978). This criterion provides a reliable scale of
measurement within diff8rent levels of difficulty, and
facilitates the moment to moment equation of task
performance.

The final criterion for secondary task specification
concerns the relative priorities the subject is instructed
to assign
capacity
instructed

to each of the two tasks. In Spare Mental
Techniques the subject should be clearly
to regard the additional task as being of

secondary importance to primary task performance. Failing
to heed such instrutions will result in unacceptable levels
of secondary task interference, thus lowering the validity
of the method.' Albeit that in many applications task
priorities are inherently clear (Brown, 1978), instructions
to the subjects remain necessary to ensure the prevention
of confusion over task priorities.

The preceding discussion of those issues relevant to the
u~e of secondary tasks
served to highlight the

as mel',.-1 workload measures, has
complc..~ty of the Secondary Task

method. It was emphasised that the datailed specification
of the SUbsidiary task can facilitate the successful use of
reserve measures as indices of mental workload.
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Physiological Measur~s

A further attempt at objective measurement is evidenced by
the freguemt use of physiological indices of mental load,
which to a large degree can be seen as a result of the
physical approach to mental workload measurement (see the
section The Concept of Mental Workload earlier in this
chapter for a discussion of this approach).

Research incorporating the measurement of physiological
parameters is based upon bolO as .unp+i.ons, Firstly, that
workload has the effect of imposing some form of internal
'stress' (Weiner, 1982) upon the" sUbject; and secondly,
that fluctuations in woz'k.Load will cause certain
involuntary changes to take place in the physiological
1?rocesses of the human body (Ettema and Zielhuis" 1971).
As a result, numerous workload researchers (e.g., Ettema
and Zielhuis, 1971; Bauer et al., 1985; Goldstein et al.,
1985; stern, 1987; Wilson et al., 1987) have argued that
measures of physiological change can be used as an index of
co·gnitive
demands.

<'(ctivityand merrcaL workload imposed by task
certain researchers (e.g., Mulder and Mulder,

1983) have even attempted to identify the processing stage
being loaded.

Physiological measures taken for workload research purposes
include:- heart rate, sinus arrythmia, adrenaline and

However,
associated

the
excretion, electrical brain act.Lvity, etc.

theoretical and methodological problems
catiecho Lam.cne

with the use of such indices have served to
restrict their use as effective mental workload measures
(Hicks and soliday, 1972).

The first major theo~etical flaw associr~ed with the use of
physiological indicators as indices of mental workload
concerns the assumption of a direct relationship between
cognitive arousal and physiolo~ical reaction. However, the
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multi-dimensiond1 nature of the two variables makes any
attempt at a meaningful interpretation oonoerning t.helink
betwen cognitive activity and recorded physiological data
extremely difficult. For example, research conducted by
Ettema and Zielhuis (1971) revealed similar physiological
changes in a number of workload situation~. Moreover, the
likelihood exists that similar task demands may induce a
ral1ge of physiological changes r thus introducing a further
problem of distinguishing between such changes. Finally,
the very nature of cognitive functioning, i.e., the
rapidity and subtlety thereof, would suggest that
physiological measures are ser..sitive to cognitiv~
processing only at the most general level.

The principal of Graceful Degradation provides evidence of
the gradual build up of mental workload. Primary Task
measurement techniqup.s show measured deviations in primary
task performance gradual.ly returning to baseline levels,
thus indicating a similar effect in the reduction of
workload levels. This cumulative, rather than
instantaneous nature of workload, referred to as the Time
Lag effect, is relevant to the physiological measurement of
mantal workload.

In elation to' cognitive flux, physiological change is an
extremely slow process (Strasser, 1977). Consequently
there will be a considerable time lag between the onset of
cognitive change and its corresponding physiological
reaction. In addition, variables suoh as cognitive
process, physiological function and charaoteristics of
individual subjects will cause variation in this time lag.

A third problem enoountered when using Physiological
Measures oonoerns the prooedure, whioh typically involves
the scoring of physiological reactions in terms of
deviations from baseline levels. Casali and Wierwille
(1983) argue that the wide range of normal physiological
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baselines and. flux ranges have the effect of invalidating
between subject comparisons. However, tile value of
physiological measures in differentiating between
intraindividual states has 110tbeen discounted.

It has been argued that physiological measurement is
readily available, unobtrusive, &nd is related to the
expenditure of both mental and physical effort by the
subject (Rolfe and Lindsay, 1973). The unobtrusive nature
of physiological measurement must be questioned when
considering the nature of the equipment nsed to measure
physiological responses. Not only is the physical presence
of this equipment disturbing, uncomfortable and artificial,
some equipment may have the effect of activ~ly distorting
primary task performance. Intrusion effects are tihus a
particular problem with physiological measures.
Furthermore, the measurement of certain physiological
reactions
equipment,
perso"l1el.

requires
Which can

the use of sophisticated medical
only be operated by highly qualified

Ease of implementation therefore becomes a factor to be
conside~ed when evaluating the viability of physiological
measurement techniques.

'villeges and Wierwille (1979) assert that no single
physiological measure is a sUfficiently reliable workload
index, and advocate the use of multiple measures. The true
meal'tingof physiological responses can only be interpreted
if there is a comprehensive knowledge and understanding of
the task situation (Rolfe, 1976). Rolfe and Lindsay {1973}
assert that a physiological response should perhaps be
considered merely as an index of subjective load.

commenting on the viability of physiological measures,
O'Donnel (1979) argues "For many applications, there is no
reason to resort to the procedures and technical
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sophistication required
when in relation 'to

to utilize physiological measures,
other techniques they are less

powerful, needlessly complicated, expensive and
insensitive" (p.63).

Subjective Opinion Measures

Subjective opinion measures of mental workload involve
eliciting subjective information about the demands impoSed
during task performance by administering either post-task
rating scales or questionnaires to subjects, or
alternatively by means of conducting interviews with
sUbjects. The method assumes, however, that the subject
can analyse and describe task demands.

Despi v.e the creativity displayed by researchers in the
field of subjective workload, in generating assessment
techniques (Moray, 1982), the ~uccess attained in
validating many of these measures against concurrently
collected performance measures has unfortunately been
severely limited, This dissociation between sUbjective and
other measures of mental workload has been attributed to a
lack of attention to the validation of subjective
techniques and the development of standardi~ed methods for
their use (Vidu1ich and Tsang, 1986).

Many
that

theorists base their validity j'oldgementson the fact
subjective measures access 'operator orientated'

determinants of mental load (Rolfe et al., 1974) (see the
section operator orientated Factors earlier in this
ch~pter for a discussion thereof),

The assumption is made that since subjective techniques
evaluate '\olo:ckloadde'terminants not considered by other
techniques, they are therefore valid, a~d are subsequently
incorporated into a test battery as a theoretical 'ooverage
of all options'.



Earlier attempts at sUbjective workload assessment suffered
from a lack of theoretical background. vidulich and
Wickens (1986) argue that while the dissociation between
subjective assessments and concurrently collected
performance measures may well be attributed to the
insensitivity of the former methods, if subjective
techniques are "1a\.,rfullyrelated to some aspects of the
human information processing system, they can provide
useful inf:JrmationlJ (p.291). As a result, researchers
should concentrate on the specification of the appropriate
uses for SUbjective measures rather than on the assessment
of their overall validity. In ~ine with this argument,
later SUbjective techniques have come to acknowledge
workload as being cogll~tivelybased/ multidimensional and
different across individuals/
workload assessment technique

for example/ the subjective
(SWAT) developed by Reid et

al. (1981/ 1981a)/ Casali's (1982) Multi-Discriptor Scale
and the NASA Bipolar Technique developed by Hart et al.
(1984).
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v'lhileacknowledging that the major area of interest in
cognitive task workload is at the internal processing
stages/ vidulich (1986) argues that a lack of sensitivity
to response demands could result in a reduction in ·the
overall senSitivity of SUbjective techniques. In addition/
Erricsson and simon (1980) proposed that subjective methods
are sensitive only to conscious mental processes/ since
unconscious processes are not perceived by the subject at
all but the most general level (e.g., feelings of stress).
Unconscious processes include many of those in long term
memory as well as those procedural processes which are well
practised and have become automatic. Gjven the many
unconscious processes necessary for successfUl task
performance, it would seere reasonable to' assume that a
considerable proportion of a suhject's cognitive tasl<.
experience would be rendered unavailable for sub;ective
evaluation. Research conducted by vidulich and Wickens



(1986) produced findings in support of these proposals.

A further threat to the sensitivity of sUbjective
techniques
subjp.ctive
Research

is the representation of time varying demands in
Workload Score (Vidulich and Tsang, 1986).

findings concerning
For example,

a short peak of

this issue have been
contradictory.
demonstrated that

whereas Thornton (1985)
very high r'/'orkloadwithin

a longer
the peak

task was likely to bias the final ra'ting towards
value, both Yeh and Wickens (19135) and Vidulich

and T~:'l.1'lg(J..986)found that the overall Subjective Workload
Ratings tended towards the average level, thus masking
transient peaks and low levels of workload. Such
"'ontradictions indicate a need to conduct further
inveLtigation into the conditions under which each effect

likel}' to ocour ,

is
most
be.ween

obvious shortcoming of sUbjective
subject variability. In a study

and Pandit (1987) investigating the

Probably the

r.onuu("f:'-:c)
variabili ty
demoT'strated

by Vidulich

that all
of subjective techniques, it was

of the techniques investigated were
individual differences in

of a number;

highly susoeptible to
interpretation.

Another problem concerning the scoring of subjective
opinion measurements of mental workload is the development
of a suitable scale. Although the majority of subjec'tjve
techniques aasume workload to be mul tidinlEansional,vidulich
and Tsang (1986) point out that a divergent number of
dimensions are assumed to define \vorkload adequately in
eaoh technique.

Fu::..tr.ermore, nf'ter deciding upon those workl'oad dimens ions
to be eva.Luatiad , it is l;lecessary.to consider the number of.
levels to ;:'e aiscriminated. Too few rating choices may
present too narrow a range of options to encompass all the
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levels of workload experienced by subjects, whereas highly
complex scales may require subjects to make fine
distlriminations be'tween category descriptions. Vidulich
and Wickens (1986) consider the selection of scoring
syst.ems for Subjective opinion Techniques t.obe an issue of
critical importance. In spite of this, the current trend
in subjective
dimensions to
the definition
scales.

workload research is to address the issue of
be assessed, rather than paying attention to
of the appropriate composition of scoring

A major advantage associated with sUbjective neasures,
concerns their sensitivity to' loperator orientated'
determinants of load, which are not reflected in other
measures of mental luad. For example, vidulich and Wickens
(1986) identified motivation as a factor strongly
influencing the amount of effort a subject will exert for
task performpnoel and suggested that highly motivated
subjects would maintain good performance standards even
under conditions of high load. Such increases in load will
not be reflected by either Performance or S~condary Task
meaauxas .

coris c Lous

However, since increased motivation elicits a
decision to expend greater effort, higher

workload shOUld be well represented by Subjective Opinion
Techniques (vi~ulich and Wickens, 1986). Furthermore,
SUbjective assessments have served to highlight the
interesting paradox that periods of high workload may serve
to increase job satisfaction and sense of fulfilment,
thereby enhancing intrinsic motivation (Rolfe, 1973).

Further advantages of
ease of administration
performance (Casali and

subjective measures include their
and low intrusion into primary task

Wierwille, 1983, 1984).

vidulioh and Wickens (1986) argue that, if appropriately
deeigned to include reJevant dimensions, rating scales with
assooiated instruotions and some method of reducing betwe~n
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subject variability, Subjective opinion Techniques could
prove valuable in the assessment of mental workload.

Moreover, su,bjective assessments should be used in
conjunction with other indices to provide a broa0.'::-basis
for evaluation and comparison (Williges and wierwille,
1979) •

The preceding discussion of mental workload measurement
techniques has served to highlight the difficulties
encountered when evaluating mental workload. These
difficulties are attributed to both the complexity of the
c0ncept of mental workload itself; and the inabilities of

. workload estimation techniques to provide sensitive and
accurate indications of load. Each of the measurement
categories discussed is based within a certain theoretical
framework, the aim of which is to achieve maximum
sensitivity wit~in that framework. Although this may prove
advantageous for the validity of each method, it
unfortunately results in the technique being insensitive to
those workload dimensions excluded from that particular
theoretical paradigm. Many workload researchers (e.g.,
Rolfe and Lindsay, 1973; chiles and Alluisi, 1979; Moray,
1982) have stressed the inadequacy of using any single
measure for aspessing
evaluation of workload

mantal workload. A comprehensive
can be obtained only by combining

information recorded at different stages and levels of the
complex human information processing system. This is best
achieved through the use of a battery of estimation
techniques, each assessing a particular source of demand.
For research purposes then, the issues requiring
consideration include the composition of the battery, as
well as the specific design of each technique to be used.

Chapter Summary

In the present chapterI Mental W(Jl:kloadwas defined as 'the
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extent to which an individual is occupied with meeting the
demands made on his/her cognitive functions by the task in
which he/she is engaged'. The nature of those demands, and
of the individual's cognitive functions were explored in an
attempt to provide some indication of the factors to which
mental workload measurement techniques should be
sensitive. The techniques themselves were discussed, - in
terms of their sensitivity, intrusion and overall viability
as measures of mental workload. r.twas concluded, because
of the inability of a single technique to access all of the
components of mental load, the best strategy would be to
use a composite battery of measures for workload
evaluation.

While taking cognisance
conclusions drawn in this
shall bring together the

of the points discussed and
chapter, the present research

previously unrelated research
paradigms of
an attempt to
(1977) theory

mental workload and componential analysis in
investigate the extent to which Sternberg's

of analogical reasoning, in particular the
linear componential n,odelshe proposed, provide information
rega.rding the nature of task structure, information which
could serve to enhance the present understanding of the
concept of mental workload and its measurement.

By facilitating the possible identification of
inappropriate
performance,
development

work routines at the cognitive level of task
the present research may contribute to the
of a more sophiRticated notion of task

structure, which together with an enhanced understanding of
the concept of mental workload, could stand to benefit
futUre research into the development of strategies for
reducing a~tomated system user workload, ~VD~rienced during
'theperformance of complex cognitive tasks.

Having discussed the concept of mental workload, as well as
the various mental workload estimation techniques, for
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present purposes it remains necessary to consider the
componential approach to mental abilities, in particular
Sternberg's (1977) componential theory of analogical
reasoning. This shall be the main focus of Chapter 3
(Cognitive Task structure and strategy).

42



CHAPTER 3

COGNITIVE TASK STRUCTURE AND STRATEGY

COGNITIVE ABILITIES AND PSYCHOMETRICS

The vast majority of theory and research on the nature of
intelligence and mental abilities has been oonducted within
the context of a measurement paradigm (Pellegrino, 1987).
The essential feature of this approach is to present a
variety of cognitive tasks to a large sample of
individuals. Scores on these tasks are then correlated and
the resultant oorrelation matrix reduced by a mUltivariate
procedure, typically faotor analysis. The goal here being
to obtain the simplest possible mathematical solution for
the da·ta set. The latter reflects varying consistency in
individual differences over tasks. The basic assumptions
underlying this approach are threefold: Individuals differ
in performance on virtually any intellectual task they are
required to perform; the differences on a given task are
attributable to one or more underlying tlbilitiesiand.the
correlation of performance scores across tasks reflects
both common and ¢tistinctabilities.

Over the past
and applied to

few decades this approach has been refined
data sets of varying size and complexitYr

resulting in a variety of factor theories on $tructure of
human intelligence, for example: Spearman's Two Factor
Theory (Spearman, 1904, 1927)i Holzinger's Bi Factor Theory
(Holzinger, 1938); Thurstone's Multiple Factor Theory
(Thurstone, 1938, 1947)i Guildford's structure of Intellect
(S1) Model (Guildford, 1967).

In ·thepast the psychometric ~pproach has been hampered by
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problems, stemming from both
interpretations of different sets
frequent inconsistency of results from

the contrasting
of results and, the
different data sets.

Two
such

reasons
problems
the use

could possibly account for the occurrence of
(due to the fact that these reasons hinge
of factor analysis as a method of dataupon

reduction, and have a significant beazi.nqon the present
study, an in depth discussion of the statistical concept of
factor analysis will be presented in the section The
Differential Approach to Cognitive Abilities later on in
thif chapter). First, the existence of numerous ways to
fac ~r analyse a single data set. Different apparent
solutions can b-aobtained for the same data, whLch lead to
different psychological interpretations. Ser-ond,the data
obtained in separate studies differ. The critical data for
any type of factor analysis are correlations between test
scorest the patterns of which
example, the actual tests

are dependent upon, for
administered and the

characteristics of the group taking the test. Because
studies vary with respect to inter alia the group tested,
the total number of tests administered, and the specific
tests included in the test battery, there exists a lack of
comparability of separate studies, something which is
further compli'oabed by alternative methods of factor
analysis.

general facts
Pellegrino (1987) argues that
and conclusions cannot be

Despite
certain

such problems,

overlooked. One pervasive fact being that when a range of
intellectual problems (tests) varying in both content and
format are administered to a sample of individuals the
result is a matrix of positive test score correlations.
The pattern of data supports a hierarchial model with a
general
well as
Theorists

ability, underly.ing all cognitive performances as
several speoific abilities (spearman, 1904, 1927).

pursuing this approach have end~avoured to
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simplify the interpretation of correlations by way of
general and specific abilities organised in a hierarchical
or multidimensional scheme. "One way to vil~w factor
theories is in ter:"; of a structural mQdel of human
intellect" Pellegrino (1987, p.268). Unfortunately factor
theories are unable to provide a satisfactory means of
defining exactly what a factor or ability might be.
Essentially a factor is a hypothetical entity, an
abstraction, that an individual possesses to varying
degrees. But what is it that an individual actually
possesses when he or she has high levels of general
ability, or more importantly, scores well on tests of some
specific ability? It is not clear what "g" is other than a
mathematical abstraction. However, it is possible to be
more precise about the tasks that tend to be loaded on this
general factor and some of the underlying sources of
individual differences. 'L'here is a relatively
circumscribed class of cognitive tasks that s LqnLfi.oarrt.Ly
contributes to defining the general factor and that
frequently constitutes all, or a significant portion of,
tests of general intelligence (Jensen, 1980). Tbese tasks
all involve inductive reasoning, one of the major types of
human problem solving (Greeno, 1978). All inductive
reasoning tasks have the same general form: a set of
elements of a p'atternis presented and the task is to infer
the rule structure in the pattern and ·tos:alectthe best
possible completion. This generic task structure is
manifest in different task forms such as classification,
analogy, series completion and matri" problems using
different types of content, for example, letters, numbers,
words and geometric shapes.
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At present there exists a comprehensive understanding of
the cognitive processes and knowledge underlying
performance on these various tasks. 'rheorists have
attempted to develop and ·test explicit models of
performance on these types of tasks and to uae such models



as the basis of developmental and individual differences
analysis (e.g., Evans, 1968; Sternberg, 1977; Mulholland et
al., 1980; Pellegrino and Glaser, 1982; Goldman and
Pellegrino, 1984). There exist a variety of sources of age
and ability differences in performance on inductive
reasoning tasks, ranging from speed of executing certain
processes such as relational inference, to semantic and
quanti'~ttive knowl.edqe differences, to ovez'a.l L strategy
differences.

Hunt (1974) suggests the possibility that differences in
performarce on certain inductive reasoning tests reflect a
major difference in the strategy used ·toapproach the task,
and that strategy differences further reflect differences
in understanding the constraints of the task. studies of
developmental and individua.l.differences in performance on
analogical reasoning tasks (e.g., Sternberg, 1977) clearly
indicate that many individuals fail to evidence an
understanding of the strategies necessary for task
solution, strategies that are supposed to hold in formal
analogical reasoning. In fact the instructions provided on
any standardised test fail to make explicit the criteria to
be used in performing the task (Pellegrino, 1987). Thus
what is implicit and tacit knowledge for the test
constructor ma;y very well be unknown for certain
individuals taking the test. Due to the fact that various
types of knowledge differences, declarative and procedural,
can be involved in producing overall performance
differences exhibited by groups of individuals on tests of
inductive reasoning ability, research needs to be conducted
to ascertain the sources of s"lJchdifferences.

The issue is not whether a test is good or bad nor whether
it serves to differentiate among individuals or groups of
individuals, but rather how these differences are
interpreted and the need to conduct analysis of the sources
of differences that do exist. To achieve this would
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require empirically validated theories of the processes and
knowledge necessary to perform specific tasks, theorier:;
that would facilitate the prediction and explanation of
performance patterns within and across individuals (e.g.,
Sternberg's (1977) componential theory of analogical
reasoning) . In short, what is needed, is to demystify
existing measures of cognitive abilities. Merely labelling
them as Level I/Level II (Jensen, 1968) or rote learning vs
verbal ability vs g etc., is not an effective substi~utc
for understanding exactly what it is that is being
measured.

McNemar (1964) provided a summary criticism of psychometric
research and theory on the nature of intelligence and
mental abilities:-

"Studies of individual differences never come to grips
with the process or operation by which a given organism
achieves an intellectual response. Indeed it is
di::ficult to see how the available individual
difference data can be used even as a starting point
for generating a theory as to the process nature of
general intelligence or of any other specified ability"
(p.881).

This general problem of measurement of cognitive abillties
in the absence of understanding the measures themselves,
namely the knowledge, cognitive structures and processes
contributing to the performances being measured, severely
inhibits our ability to explain the bulk of research on
group and individual d~ ~erences. This is not to say that
psychometric research has failed to produce a wealth of
information about developmental, individual and group
differences in performance on a variety of. cc.gnitive
tasks. However, the interpretation of such rE!sults as Hell
as the limit.aticns on such interpretation are anot.hez
matter altogether.
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cognitive styl~ and strategy Choice

Recent research in cognitive psychology has demonstrated
that people exhibit significant individual differences not
only in level cf information processing ability, but also
in the information processing strategies that they adopt
during problem solving and ather decision making activities
(Robertson, 1985).

One of the most significant pieces of research on human
information p~0cessing strategies was the work conducted by
Bruner et al. I (1956). In many respects this study marked
the beginning of contemporary attempts to examine
individual differenc~s in information processing strategy.
For the purpose of the present discussion, the major
importance of the work of Bruner et al. (1956), lies not in
the different strategies that they identified',but in the
fact that they did demonstrate ~ndividual differences.
However, it is important to emphasise that their research
failed to produce data suggesting that people's strategies
were consistent either over many trials or in a range of
different problem solving situations.

Other investigators (e.g., Messick et al., 1976; Witkin,
1976, and Witl<.d.net al., 1977) have, however, identified
individual differences in information processing that
display stability as fax as the individual person is
concerned and in Some cases apply across a wide range of
situations. The majority of those working in this area of
individual differences in human information processing
refer 'to such differences as differences in "cognitive
style".

EX'censive research has been conducted on cognitive style
and, as a result, a variety of cognitive styles have reen
proposed and investigated, for example, Kagan's reflective-
impulsive approach (Kagan et al., 1964), Pask's holist and
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serialist strategy (Pask and Scott, 1972i Pask, 1976) and
witkin's field dependence-independence dimension (Witkin,
1916i ~itkin tal., 1977).

Robertson (1985) notes that the
styl'; consistently identifies
individual difference factors

literature
cognitive

which are

on cognitive
styles as
not merely

diffe~ent types of ability. Thus, the two poles of any
cognitive styles dimension are thought to represent
differences in information grocessing strategies and do not
merely reflect whethel.'someone (1isplaysmore or less of a
certain type of ability. Consequently there is assumed to
be a qualitative difference in the -type of processing that
takes place. Howevel,,'....'~qrt- vn (1985) points out that t.he
clear conceptual ~
much of the reseal..

.11cfic111t to reconcile with

Another
Robertson

point
(1985)

of o c, identified by
concerns . ,..,. (or lack of it)

gy. Tl':epoint
:ious differences

between cognitive
he emphasises here
identified may in

style an~ "
is that although ehe
some ways appear similar and in others

quite different, some of these apparent similarities or
differences are likely to be, in part, a function of the

measu~ement techniques or circumstances underspecific
wh i.ch the
exhibited.

differences in cognitive processes ar~
Messick et al. (1976) make this point clearly:-

Differential methodology assumes that ".1 ability or

"It is important to distinguish cognitive styles, whi.ch
are high level hen_.i.sticsthat organise and control
behaviour across a wide variety of situations from
cognitive strategies, which are ... a function of the
conditions of partLcu'lar situations" (p.6).

ASSll.'11ptionsof Psychometrics and Strategy Choice
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achievement test measures the same general processes and
structures for all examinees, and that between subject
differences arise due to certain individuals having more of
the ability or alternatively because they are able to use
it more effectively. Consequently the differences are
construed as quantitative rather than qualita~ive. Just
and Carpenter (1985) disagree with this assumption and
argue that its violation may well account for many of the
confusions in the psychometric literature. For e} nple,
Frenoh (1965), in a study conduoted to investigate the
relationship of problem solving styles to the faotor
oomposition of psychometrio tests, showed that different
self-reported strategies (loosely ·oharaoterised as global
or analytic) in some psychometric tests resulted in
different factor loadings. Based on the outcome of his
study, French (1965) conoluded that "there seems to be
extensive evidence that tests, even simple
'pure-fact('r' tests do not measure the same thing for all
people" (p.26). Furthermore, Just. and carpenter (1985)
maintain that test items may sometimes systematically vary
wi,th respect to which strateqy 'theyevoke and, are of the
opinion that there is likely to be buth within subject and
between subject contamination of the single strategy
assumption in all but the simplest tests (referring
specifioally to tests of opatial ability)• such
contamination oould result
one factor and sometimes
populations tested had
(French, 1965).

in a test sometimes loading on
on another factor if .hetwo

different strategy preferences

Moreovl:'r, it \'1i11be recalled from the section operator
orientated Facto)~s in Chapter 2 that Bainbridge (1978)
suggested the possibility that an Increase in the demands
imposed by a c:ognitive task could influemoe strategy
choice. This assumption is supported by Just and carpenter
(19135), who emphasise that (pSYChometric) item and test
complexity could well be major determinants of the
information prooessing strategy elicited.
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INVESTIGATING THE NATURE OF MENTAL ABILITIES

Numerous approaches have been taken towards explaining the
structure and content of mental abilities. In the past,
two major approaches have emerged, llamely,the differential
approach and the information processing approach. In their
endeavour to understand the nature of mental abilities
those pursuing the differential approach have concentrated
on studying relationships between patterns of individual
differenoes in scores on psychometric ability tests. The
rationale motivating this approaoh is tha~ a relatively
small number of latent abilities are responsible for
observed variation among individu~ls performanoe on these
tests: Understanding of abilities is gained by identifying
in the test data the sources of individual difference
variation. Identification of these sources has typio.ally
been by means of cor:t:elationaltechniques, in particular
fa~~or analysis. Those following the information
processing approacl: sought undez-st.andLnq of the nature of
mental abilities by studying subjects I performance patterns
on cognitive tasks with systematically varied attributes.
These variations in task attributes, rather tr.anvariations
in subject at·tributes, have provided the basis for
infer:d'lg the nature of mental abilities. Methods for
drawing inferenr;es typically include content analysis of
writ~en or oral protocols, mathematic modeling of response
time or error data, and simUlation of cognitive processes
on computer.

In recent years, various offshoots of these two approaches
(i.e., cognitive oorrelates approaoh (Hunt, Frost and
Lunneborg, 1973; Hunt, Lunneborg and Lewis, 1975), and
oomponential analysis (Sternberg, 1977» have sought to
integrate the apProaohes in ways that would oombine the
best features of paoh. These approaches provide
alternative means to investigate both between-subject and
between-stimuli SOUrces of variation, the respective
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specialities of the differential and infol.'"Illationprocessing
approaches (sternberg, 1979).

since componential analysis constitutes the focal point of
the present stUdy, an indepth investigation of both the
differential and information processing approaches is
warran·ted, as this would surely facilitate a more
comprehensive understanding of the development and
composition of the componential approach.

THE DIFFERENTIAL APPROACH TO COGNITIVE ABILITIES

It was proposed in the preceding section that factor
analysis contributed largely to the problems experienced by
the psychometric approach to intelligence. This, together
with the fact that factor analysis bears particular
relevance to the present study, warrants a detailed
discussion
limitations.

of this method of data reduction and its

Multiple criteria

It frequently occurs that no single criterion is to be had
which can be regarded as an unbiased indicator of the
characteristic a certain psychometric test is designed to
measure, but ·tbereare a number of available measures which
may reasonably be regarded as partially related to it. In
such cases a study of the correlations of the test with
these partial criterion measures is often informative. In
as much as ·thecriteria are likely to differ with respect
to their self-correlations, the correlation for attenuation
should be applied in order to show the relative degree of
relationship of the test to the different oriteria apart
from errors of measurement.

If the
multiple

various pariial criteria are of diverse kinds,
correlations may be used to show the ~xtent of the
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combined
extent

relationship to the test, in other words, the
to which the test variance can be accounted for in

terms of these partial factors t?~en in combination. It is
of importance here, to emphasise that no assumptions as to
causation are warranted on the basis of such a procedure.
Correlation, whether simple or mUltiple, merely indicates
the existence of common factors within the measures
correlated.

Principles of Factor Analysis

In general, the position t.akenby factor anal.yat.sis that
what appears to be an almost infinite variety of forms and
levels of behaviour may be only the perlUutations and
combinations of a relatively small number of underlying
fao-tors or directional tendencies which, taken in their
totality, describe the individual in all his uniqueness.

Because any act (for example, responding to a mental test
it~m) is the result of a number of these factors acting in
combination, mental factors cannot be isolated and
recognised by surface inspeotion nor measured in terms of
superficial assumptions as to how and where they ar8
manifested. But, as stated by Goodenough (1960), if a
comparatively large number of measurements of related forms
of behaviour or types of arility are made, such, for
example, as would be given by a series of different kinds
of intelligence tests, and the intercorrelations of these
measures for a particular group of subjects are calculated
and arranged in the form of a correlation matrix, "A
certain orderliness in the numerical lelationships of
homologous terms can be noted" (Goodenour", 1960, p.22G).
Of signifioance, is that fact that although the~\eobserved
relationships are mathematically sound, they bear no
psychological relevance. Essentially, these relationships
are unnatural, being dependent only upon the meaeuremerrc
scales used by the investigator.
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The Pu~~ose ~f Factor Analysis

Thurstone (1947) state.d that 11factorial methods ",ere
developed prima:l'ilyfor th,. purpose of identifying the
principle dimensions or categories of mentalityll(p.55).
There have been two opposing schools of thought as to how
this purpose should be accomplished. Both distinguish
between stages of hypc=hesis formation and hypothesis
testing. They differ, however, ,00ith regard to the stage at
which it is believed that factor analysis is most Useful.

On the one hand, there are those theorists who are of the
opinion that factor analysis is a lIuseful tool in
hypothesis formation ~'ather than hypothesis testing11

(Humphreys, 1962, p.475). Advocates of this viewpoint
consider factor analysis as being a useful exploratory
teohnique, but not a useful teohnique for choosing among
the theories suggested by initial exploration (St~rnberg,
1977) .

analysis
hypotheses,
hypothesis

hand, there are those theorists who regard
"not as a source of hypotheses, but merely
of cornpaz-Lnq , confirming or refuting

hypotheses initially suggested by
nonstatistical arguments or evidence" (Burt, 1970, p.17).
Advocates of this viewpoint re.gardthe utility of factor

as not lying in the initial exploration of

but rather in the selection of a preferre,;l
from those suggested by initial exploration

as a

analysis
method

On the other
factor

a l,i:ernative

(sternberg, 1977).

The intermediate position, namely, that factor analysis is
useful both as a means of suggesting theories and as a
means of choosing among them, appears to be the most common
one.
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Fundamental Unit of Analysis

The fundamental unit of analysis'in factor analysis is the
factor. However, there has always existed, among the
advocates of factor analysis, a lack of consensus as to
just what a factor is. Thurstone (1947) noted that
"factors may be called by different names, such as causes,

parameters, functional unities, abilities, or
measurements" (p.56). Just as there have been

faculties,
independent
differing 0pinions regarding the definition of factors, so
too have there been opposing points of view .egarding the
nature of factors, namely, the descriptive and the causal.
Burt (1940) took a descriptive view, arguing that "the
primary object of factorial methods is neither causa),

regarding factors as

interpretation, nor statistical
systematic
adopted a
"categories

description!' (p.6J).
descriptive view,
for classifying

prediction, but exact and
Vernon (1971) like\vise

mental or behavioural
performances" (p.8).

Taking a
factors
described

causal viewpoint, cattell (1971) has referred to
as "source traits", and Guilford (1967) has
a factor as "an underlying, latent variable along

which individuals differ."

The Objective of Factor Analysis

Factor analysis begins with a mat usually of
intercorrelations among tests. The matrix represents the
interrelationships between values (usually scores) on a
number of different variables (usually tests). The main
aim of factor analysis is to represent the set of variables
in terms of a smaller number of underlying factors or
hypothetical constructs, namely, to obtain the simplest
possible mathematical solution for the data set
(Pellegrino, 1987).
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Major Decisions to be made in Factor Analysis

Method of Factor Analysis

'fhere are numerous methods of perforlllingfacto:.::analysis,
for example, the principal-factor method, the principal-
component
beyond che

method, the centroid method, etc. However, it is
scope of this discussion to present an in depth

review of the various factor analysis methods. Rather, for
present purposes, it shall suffice to note that the choice
of method will depend on the investigator's goals in
performing the analysis. The choice of method, howeVer, is
generally less important than the choices described below.

Number of Factors

Usually the aim of an investigator will be to retain fewer
factors than there are tests, since a major purpose of
factor analysis is simplificatio~. Difficulty ~~y arise
'I'lhendeciding on how many factors to retain. sternberg
(1977) lists four criteria that are often used, the first
three criteria being validity based, whereas the fourth
c~'iterion is reliability based. The first is a prior
theory, which may specify the number of factors to be
retained. Th,e.,second criterion is the proportion of
variance accounted for by each factor, Factors accounting
for trivial ;proportJ.onsof variance in the data are
generally of little interest. The third criterion is
intbrpretability. In using this criterion, one retains
only factors to which a meaningful substantive
interpretation can be assigned. The fourth criterion is
factorial invariance, If a certain factor reappears in
study after scudy, it is reliable and probably of
psychological interest, whereas if a factor appearS only in
an iSOlated study, it is less likely to be of psychological
interest.
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Type of Rotation

The orientation of factorial refere.nCeis not unique and,
furthermore, an infinite member of orientations are
mathematically permissible. It is agreed upon by factor
analysts that part of their jab is to decide upon a
psychologically appropriate orientation, but there has been
considerable disagreement as to what rotation should be
performed - or whether one should be performed at all.

The most commonly used factor-analytic methods generally
yield a factor structure in which the first factor is
general one, with most factor loadings having the sam!..
sign, and subsequent factors are bipolar, with
approximately half of the loadings positive and half
negative. Factor theorists appear to have followed either
of two approaches to providing a basis for psychological
theorising. The first approach involves using the
unrotated factor solution as the basis for psychological
theorising. such solutions tend to support the notion of a
strong general factor pervading virtually all menta'
ability tasks. The second approach involves using t}:,
rotated factor solutions as bases for psychological
theorising.

,
Theorists preferring rotation (e.g., GuilZord, 1967) have
argued that the unrotated factor st.ructureis indicative of
mathematical rather than j;lsychologicalregularities. These
theorists maintain that psychologically meaningful factors
can be obtained only through rotation.

By selecting the
required to make
whether to use

option to rotate, a theorist will be
t\'lOfundamental decisions. The first is
an objective or subjective form of

rotation. The second is whether to require orthogonal
factor axes or to permit oblique ones. Horn (1967) has
made a useful distinction bet\'/aenobj'.:!ctiveand ~ubjective
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rotation. He describes an objective rotation as one in
',!hichall investigators who use the method on the same data
will arrive at the same result, regardless of differing a
prior hypotheses they may have regarding the outcome, and a
subjective rotation as one in which investigators with
different hypotheses may get different results from the
same set of data.

Factor axes may be either orthogonal or oblique. When
orthogonal axes are used, factors are uncorrelated. When
oblique axes are used, factors may be correlated.
Performance on one factor ~s not independent of performance
on every other factor.

The most common solution to the rotational problem is
rotation to what,Thurstone (1947) called simple structure.
For many years, a precise mathematical algorithm for
rotation to simple structure eluded factor analysts.
However, within the space of a year, Carroll (1953) and
Neuhaus and Wrigley (1954) independently arrived at
mathematically equivalent algorithms that provided an
approximation to simple structure. Their technique which
simplified the rows (tests) of the factor structure matrix,
was called -the quartimax method. Kaiser (1958) developed
an alternative, the varimax method, which simplifies the,
columns (factors) of
outcome more c10sely

the structure: matrix. since this
approximated simple structure and

tended to yield more
quartimax method, it
of rotation. It is
orthogonal axes.

interpret.able)solutions than the
has become the most widely used form
an objective method, and results in

sternberg
rotation

(1977) maintains that the choice of factor
method is of particular importance frum a

because it constitutes a major
among various factor-analytic

psychological viewpoint,
distinguishing element
theories of intelligence.
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The differential approach to intelligence was for many
years a most
IIProvided the
generations
investigation

productive one.
characteristio

Through factor analysis, it
trend of thought for tw'O

of ability researchers; permitted the
of complex psychological constructs;

generated theories at a macrotheoretical level; provided a
systematic means for studying individual differences,
fostered a symbiotic relationship between theories of
measurement and intelligence that lead to greater
sophistication in each; and proved itself relevant to the
needs of applied settings II (sternberg, 1977, p.35).
Because of these contributions, and because there was for
many years no viable alternative to the differential

• approach, it was in no way surprising that it thrived for
as long as it did.

The Decline of the Differential Approach

Despite the earlier successes of the differential approach I

in recent times interest in the approach has declined
considerably. The decline has baeriattributed to the fact
that its practical tool, factor analysis, could no longer
meet the numerous demands placed upcn it. consequently the
entire differenl:ial research enterprise became strained.
The sources of strain were twofold:- misuses of factor

I

analysis me·thodsand limitations of these met.hods,

Misuse of Factor Analysis

inspect the data, but
analysis stem not from failing to
from using poor judgement in
(195J) described ten of the most

Many misuses of factor

inspecting tnem. McNemar,
common problems:-

1. Use of samples too small to permit stability;
2. overinterpretation of small factor loadings and

Cisregard for sample size ·indeciding upon the minimum
loading to interpret;

59

,.



,.

3. ~rrational decisions regarding rotation of factors;
4. Use of unreliable ~ests;
5. Lack of experimental independence among variables that

are factor analysed;
6. Selection of tests so as practically to guarantee a

predetermined factor structure;
7. Use of tests from domains that are too limited to

demonstrate anything and use of tests from separate
domains known to be uncorrelatedi

8. Scanning of tests in a biased fashion when in~erpreting
and narningfactors;

9. Struggling to make sense out of resultsi
10. "varying allover the map in the use of hypotheses from

those who started with no hypotheses, used none in the
process, and ended up with nonel to those who start
with hypotheses, use them en route, and end with
hypotheses" (McNemar, 1951, p.358).

Guilford (1952) has likewise described "some common fault;;
in factor analysis". He too noted ten problems:-

1. "Too many factors are often extracted for the number of
experimental variables;

2. ~oo many experimental variables are factorially
complex;

3. sometimes a common factor fails to corneout because it
is SUbstantially represented in only one experimental
variable;

4. Not enough factors are extracted;
5. correlation coefficients used in ana~ysis are often

spurious;
6. Correlations of ipsative scores are sometimes used in

an analysis;
7. A pair of factors is very much confined to the same

experimental variables;
8. The population on which the analysis is based is

heterogeneous;
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9. Not enough attention is given to requirements for
oorrelation coefficients;

10. Diffioulty levels of tests often vary substantially"
(Guilford, 1952, pp.7-33).

When comparing these lists of McNemar an~ Guilford it
becomes apparent that the actual items are virtually
nonoverlapping. Thus, it is not surprising that, with
twenty common faUlts, factor analysis ran into trouble.
However, a number of theorists (e.g., Vernon, 1970, 19'71;
Guilford, 1974; sternberg, 1977) believe that the most
serious trouble resulted not from misuses of the method,
but from limitations of factor analysis.

Limitations of Factor Analysis

The limitations of factor analysis have oonstituted the
main souroe of strain upon the differential approach to
intelligence. The limitations to be described pose serious
problems only when factor analysis is usee for purposes for
which it is not Guited. sternberg ("977) proposes four
reasons for its (factor analysis) lack of suitability as an
appropriate method for discovering the components
underlying illtelligence,each corresponding to an intrinsic
limitation of factor analysis. The first two limitations
are statistical in nature and becaus of these limitations,
factor analysis lacks inferential power for distinguishing
among theories.
psychologioal in

T~e second two limitations are
nature and because of these limitations,

factors could not be components of intelligence.

Lack of control over mathematio:l.l realisation of
psychological theory: The machinery of factor analysis
rather than the investigator formulates and thus has
control over the mathematical theory, resulting in a
reduoed ability of the investigator to perform theory
comparison operations. The problem is that a rather wide
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variety of psychological theories may be compatible with
the results of a single factor analysis and it is not
possible to distinguish among thornmathematically.

Solution indetermi~acy: The rotation dilemma: Guilford
(1974) has referred to the need for rotation as lithen:ost
serious weakness" (p.498) of the factor anaLytd.cmethod.
The crux of the problem being that while factor space is
unique,
rotated
factors

the orientation of axes is not.
in an infinite number of ways,
along different dimensions.

The axes may be
each defining
The different

"

dimensions have different psychological implications. For
example, an unrotated solution will often support a theory
of a general factor followed by bipolar group factors and
possibly specific factors. Rotation to simple struoture
will of'tensupport a theory or group or multiple factors in
the absence of a general factor. subjective rotation to
minimise discrepancies betvleen predicted and observed
factors can yield still different outcomes. As a result,
solutions are indeterminate because of t.heinfinite member
of possible axis rotations.

Failure
analysis
processes
behaviour.

to discover or explicate process: Factor
provides no way to discover or eXplain the
thab in combination constitute :i.ntelligent

The problem is that factor analysis .iscapable
only of analysing interitem structure in a te&t, whereas a
process analysis would require analysis of intraitem
structure. It would require clarificatiOl, of the steps
involved in the solution of a single item. Factor analysis
"deals only with the end products of human thinking and
behaviour, and throws little light on how these products
come about in individual human beings" (Vernon, 1971,
p.7) . Because of this, factorial studies c10 'not"enable us
to decide what the basic components of mental organisation
are" (Vernon, 1970, p.lOO).
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Intel=individual nature of analysis: The .components of
they exist withinintelligence are

individual sub';ects .
inter individual

intra individual

differences

Factor analysis I how'ever is generally
it analyses patterns of individual

sUbjects. since individual differencesacross
are meaningless in the context of one individual I it is not
clear how factor analysis could enable us to d.iscover what.
the cnmponents within an ind.ividual are. While Sternberg
(1977) acknowledges that certain modes of factor analysis
could be used intraindividually, he ar;rues that it has not
been shown that they could discover underlying components
of intelligence.

;' The statistical limitations of factor analysis, described

use

above, can be overcom.a. The advent of confirmatory maximum
likelihood methods of factor analysis made it possible to

for sophisticated testing of prior
attainment of a unique solution (not

subject to rotation). It is possible, even lik~ly that the

fact-r analysis
and thehypotl'r ,

second two sUbstantive limitations can be 0' ercome as well,
however, "it remains to be shown, though, that factor
analysis can be performed so as to dispense with all four
limitations simultaneously" (Sternberg, 1977, p.29).

Although fact.or, analysis can be of considerable value in
the study of hUman abilities, it is not necessarily a

direct means t.owar'da the discovery of the basic underlying
components of mental ability. Unfortunately, this has been
one of the most common purposes for which factor analysis
has been used.

THE INFORMATION PROCESSING APPROACH 1',) COGNITIVE
ABILITIES

The information processing vie,.,of human abilities as
dynamic information processing capabilit;ies provides an
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alternative to the d~fferential view of abilities as static
psychological factors. However, as Sternberg (1977)
emphasises, information processing methodology was
developed not as an alternative to the factor-analytic
concepts of differential psychology, but as an alternative
to the stimulus-response concepts of behaviourism. The
research of information procpssing theorists has taken a
variety of forms, from the cr~ation of detailed computer
programmes to the formulation of complex mathematical
models. "The common new emphasis was the axpLoratif.onof
complex processes and the acceptanoe of the need to be
explicit about internal, synu» Li.·.., mechanisms" (Nevlelland
simon, 1972, p.4).

The Zundamental Unit of Analysis

The fundamental unit of analysis in information processing
psychology is the elementary information process (EIP)
(Newell and Simon, 1972). The assumption here, being that
all behaviour of a human information processing system is
the result of sequences of these elellientaryprouesses.
They are elementary in the aenae that the~:{are not further
broken down into simpler processes by the theory under
consLdezat.Lon, The proct=\f.lsesmust be well defined, and the
colleci:ion of t,hemmust bl;!SUfficiently powerful to compose
all Inicroscopic performances of the human information
pxooesa.i.nqsystem (Newell and sImcn , 1972).

PlUNCIPAL ORGANISING CONCEPTS WITHIN THE INFORMATION
PROCESSING APPROACH

The Structure-Process Defil :ion

As is the case in all scientific theories, the structure
vez-sus process distinction is apparent in informatio••
processing models of human intelligence. However as Estes
(1977) points out...in this oorrcext;it is less clear than in
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the case of the physical sciances just what sense of the
term structure is intended. The prominent viewpoint in
experimental psyahology has been that cognitive ac'civities
are manifestations of, or consequence of, processes in the
brain. As a result there has been a natural.desire to
'dentify the neurophysiological processes responsible and
to specify their logic in the nervous system. However,
progress towards this goal has been meager, with only a few
segments of research in cognitive psychology being direoted
to th.is problev (e.g.I Nebes, 1974; Harnad, Doty,
Goldst':d.n,Jaynes and Kraithamer, 1976).

In general,
models, and
are purely

"structurai concepts in information-processing
more broadly in nearly all cognitive theories,

hypothetical" (Estes, 1978, p.7). struotural
concepts, are
characterizCltion
an individual

introduced in an attempt to provide
of the state of iniormation preserved by

at particular points in time during the
performance of a cognitive 'task. 'I goal being to provide
a characterization that is of sUfficient theoretical
significance to help in the prediction of he furthex
course of inforFlatJ,<.)nprocessing. TJ:,e.r':ore, the
structural concepts need to "entOlilthe analysis of stored
information into con,tituents and the expression of
relations betwe.en these constituents in aome systematic
way" (Estes, 1978, p.7).

Attempts
princiral
analogies
possible
example
network
defined
pathways
network
second

at achi.evi.nq this goal have peen guided bv l~wo
lines of thinking. 'rhe first is that of
to physical structures whose description is

in logical or mathematical terms. The most common
is the analogy to electrical circuitry by way of
models in which nodes or oontrol elements are
to correspond
petween these

and retrieval

to units of stored informatiun and
nodes provide for probing of the

of the stored informa'tion. The
analogy is that of computer programmes, with
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structural concepts taking the form of lists, vectors, or
arrays of stored information.

The processes of interest in information processing models
are, most importantly, those responsible for changes in
structure (that is, for learning) and for the
accomplishment of tasks by way of the structures (cognitive
operations) .

structure of Memory

Estes (1978) maintains that some of the most influential
and pervasive changes in thinking about human cognition

.. associated with the rise of the information processing
approach have to be with the structure of memory.

within the information processing approach, the tr~ditional
distinctions between perception, memorising and thinking
are clouded, Information input is viewed along the lines
of a computer analogy, the assumption being that the
individual
during the
storage.
vi-..w, is

imposes elaborate organisations on material
transition from sensory registration to memory

At the heart of memory organisation, in this
the concept of coding. What is stored are not

replicas of exp~rienceG, but rather representations encoded
in terms of features, that is, values of attributes on
various dimensions. Features, . however, are not just any
attl:'ibutes,but rather are element:sof organised processing
systems.

Corresponding to the n~tion of features is that of
i~ the information processing literature,

a well established long-term memory
detectors, which
are elements C'

system. Th~se elements are conceived to be organised in
terms of a more or less hierarchical arrangement or levels,
the detecto:r.ele.nents at each level serving as points
through t"hich incoming information is filtered and encoded
(Estes, 1975, 1977).



Incoming sensory information from the receptors i'sbelieved
to be projected to the lowest level of the filter system,
if an attribute of the sensory input matches an element at
the feature level, then a message is transmitted to the
next higher level, but if no match occurs, the transmission
is blocked. A consequence of this processing is that the
record stored in memory for a given experience is conceived
to take the form of a list or vector containing a record of
the features or feature combinations that were activated at
each of the levels of the memory system d1..1,ringprocessing
of the input.
filter elements
combinations of

The system is regarded as dynamic in that
corresponding to newly experienGed

features at any "level are added to the
system and then enter into processing of later inputs.

Most important,
processing theory,
include not only
organised lists of
occasions that

is to note that within information
the contents of memory are taken to

records of past experiences, but also
instructions to be carried out on future

satisfy particular conditions. This
property of the system enables the individual to operate in
a manner similar to powerful computer programming models
based on the conception of production systems (Newell:
1973i Anderson, 1976).

operations and stages

The utilisation
processing m0dels
accomplished by

of memory structu:ces in Lnf'o.rmacLon
of cognition is conceived to be

collections of elementary information
processing
performed
tasks:-

operations,
by a digital

including,
computer

least of all, those
in carrying out similar

information input is encoded and associated with
addresses; memory is searche~ for i~ems of information
processing specified attributes; the retrieved units or the
results of computations performed on them are compared with
aspects of the input, and decisions and actions are based
on the outcomes of the ocmpaz-i.sons.
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If, according to Estes (1978), it is assumed that, in
general, all of these
when an individual is
would ,prove diffioult
experimental analysis

operations proceed sLnruLtianaous Ly

carrying out a cognitive task/ it
to gain a foothold on the

and measurement of the various
components. Estes goes on to argue that regardless of the
ultimate theoretical standing of the conception of the
individual as primarily a serial processor, it has had
beneficial heuristic value. Most critical is the \yorking

member of a sequence -f elementary
appreciable amount of t~me and that
ascertained ~y sub~racting observed

the accomplishment of various portions

assumption that each
operations takes an
these times can be
reaction times for
of the task.

It has been argued that the serial processing conception is
oversimplified and that actually much parallel processing
goes on in the hUman problem solver, in contrast to the
digital computer (Townsend, 1974; Anderson, 1977).
Nonetheless, the serial conception has proven enormously
fruitful. Besides providing the basis for reaction-time
methods to explore the organisation of elementary

seLial conception
structural with

information processing
has provided a ,yay
processing concepts by way

operations, the
to co-ordinate
of stage models (Estes, 1978).

Current information processing models are
characteristioally organised in terms of an assumed
sequence of processing stages corresl?ondingto the levels
of organisation of feature detectors and higher order \lnits
in the memory system through which the inforltlationis
filtered (Estes, 1976, 1977). Just as the conception of a
serial concaternation cf elementary operations, the notion
of a succession of discrete stages of processing is without
doubt oversimplified, but nonetheless, IIthisapproach is
proving enormously fertile in opening up the possibility of
exact measurement of component cognitive prooesses and must
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be the starting point for anyone now interested
research strategies and tactics

in
ofunderstanding the

current information processing approaches" (Estes, 1978,
p.ll).

INFORMATION PROCESSING METgODOLOGY

Artificial Intelligence versus Simulation

The information processing approach encompasses a broad
range of ~erspectives and research techniques. The
broadest distinction being beb7r::en'artificial intelligence
and simulation. Artificial intelligence research is
directed toward the creation of models (usually implemented
on a computer.) that perform complex tasks usually
considered to reguir," intelligence. The objective here
being to optimise performance, with little or no regard to
whether the optimal way of performing a task is also the
one that humans use. Simulation research on the oth~r
hand, focuses on the creation of models that simulate the
processes
mentR.lly.
essentially

a hUman subject is theorised to per.form
Computer simulation has' been used in two
different ways to investigate mental

abilities. The first form of in'esti~ation using this
approach involves the compilation of programmes designed to
simulate human pez-fozmanoe 011 actual ability test items.
In such cases, the computer programme itself Serves as the
theory of the mental abilities under investigation. In the
second form of investigation using this approach, Polson
and his colleagues (Atwood and Polson, 1976; Jeffries,
Polson, Razran and Atwood, 1977) have used computer
simulation of complex problem solving ·.::asksto test an
information processing theory whose complexity does not
permit an analytic test. In these cases, the compuber
programme tests an information processing theory by
simulating human behaviour, but the programme is not itself
the theory.

69



The two perspectives (i. e., artificial intelligence and
simulation) may be seen as end points of a corrcLnuum rather
than as dichotomous. However, since the present study is
concerned with human abilities, attention will be directed
toward simulation models of human behaviour.

Slow Process versus Fast Process Research

The simulation approach may be further dichotomised into
what sternberg (1977) Lefers to ~~ slow process and fast
process research. As was the case with the artificial
intelligence versus simulation distinction, so too is this
distinction continue ~ rather thah'discrete. Slow process
research deals with tasks that are usually performed in the
order of minutes,
introspection. The
chess tasks studied

and that are somewhat accessible to
cryptarithmatic, logical proof, and
by Newell and Simon (1972) fall into

this domain, as does the hobbits and orcs (missionaries and
cannibals) task studied by Greeno (1974) and Thomas
(1974).
usually
a few
scanning

Fast process
performed in the

seconds. Tasks
task studied

research deals with tasks that are
order of milliseconds, or at most
of this nature include the memory
by S Sternberg (1969), the

~entence-picture comparison task studied by clark and Chase
(1972), and r~trieval from semantic memory (Collins and
Quillian, 1969). Generally, such tasks are not readily
accessible to introspection.

Slow process
analysis and

research has made heavy use of protocol
computer simulation as methods for studying

behaviour. Fast process research on the other hand has
relied on response time analysis and mathematical modeling
as methods for studying behaviour, since these tasks are
performed with such speed that subjeots are usually unaware
of how they proceeded.
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The Subtraction Method versus Additive-Factor Methoo

Fast process research involving the modeling of human
behaviour often prUCe8~$ along the lines of either the
subtraction method of Dom,ttt:s(It'S) or the additive-factor
method first proposed by S Sternberg (1969). The
distinction between these two ~ethods is stated in some
detail by Sternberg (1969) and by Pachella (1974).
However. for the purpose of present study, thes'?method
will be described only in summary fashion. The subtraction
method, which has been the most commonly used.

" is applicable when
task involves

the performance of an
the sequential action of aexperimental

~eries of discrete mental events. In order to measure
the durat~on of one of these mental events, the
re~ction time for an experimental task containing the
even't as a subprocess is compared to that for a
comparison task that differs from the examination task
only by the deletion of the process of interest
The difference in rea.ction time for these two
conditions will 'then be equal to the duration of the
isolated processll (Pachella, 1974, p.46).

In actual use,
and

multiple processes
several tasks may

will often
be included

be
in

of
theinterest,

experimental
required.
tasks that,

design that systematicallY vary the processes
The critical feature of the method is a set of

by successive deletions, enables the
estimate the amount of time spent on eachinvestigator to

componenL process of interest.

The assumptions of additive-factor methodology are
threefold; Information processing comprises a sequence of
independent stages; each of these stages receives an input
from the preceding stage, transforms it, and then passes it
along to the next stage; and the transformation produced in
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each stage is independent of the duration of the prior
stage.

The assumptions
implications for

regarding stages have several important
the relationship between stage durations

and experimental manipulations:

"First, total reaction time is simply the sum of the
stage durations. When an experimental manipulation
affects the reaction time for a pa:rticularinformation
processing
of one

ta..3k,it does so by changing the durations
of the constituent stages of
if two "different experimental

two different stages, they \'1ill

or more

"

processing.
manipulations

Second,
affect

produce independent
The effect of one
regardless of the
other words, the

effects on total reaction time.
manipulation • 11 be the same,

level of the other variable. In
effects of the two experimental

factors mutually modify each other's effect, that is,
if they interact in a statistical sense, they must
affect some stage in commonU (Pachella, 1974, p.52).

The additive-factor method is utilis'lldby studying an
information
experimental
then enable

processing task in the context of a multifactor
de,sign. The implications previously mentioned
the investigator to make interferences about

stages of information processing. specifically, the
investigator examines whether the effects of each pair of
experimental factors are additive or interactive. Additive
factors suggest different stages of processing, whereas
interactive factors are hypothesised to affect stages in
common.

Advantages of the Information Processing Approach

The information processing approach suffers from none of
the limitations of the factor analytic methods highlighted
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in the section The Decline of the Differential Approach
earlier in this chapter.
approach are:-

Rather, the advantages of this

The investigator has control over the mathematical (or
computer) model. This facilitates the comparison of
multiple models on the same set of data, or the application
of the same model (or a controlled variant of it) to
different sets of data.

There is no rotation dilemma, because unless confounded,
the parameters in a given parameter space are unique.

Information proc,~ssing theories specify the processes that
are use in the solution of single items.

Information processing theories are intraindividual They
are based either upon the data for a single individual, or
upon the data for the average of multiple individuals.
Multiple individuals and iI1.dividualdifferencns are not
required either for theory formulation or theory testing.

The first two advantages bestow upon information processing
methodology a far greater degree of il1ferentialpower than
is available through differential methodology. As a result
it is possible to make strong inferences regarding the
relatiVe superiority of one theory over another and to
reject theories that are clearly inappropriate (sternberg,
1977) .

The second two advantages facilitate the utilisation of
information processing methodology for the purpose of
studying the "latent traits" that underlie performance in
tasks reqUiring various mental abilities. The elementary
information process i-; a suitable unit for characterising
the latent traits.
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Although information processing methodology enables the
investigation of a wide variety of abilities as well as the
detailed specification of the elementary processes and
accompanying mechanisms that are responsible for task
performance,
limitations.

the methodology does suffer from certain

Limitations of Information Processing Methodology

Here attention will be focused on simulation methodologies,
which include the computer simulation methods used to study
slow processes, and the mathematic~l methojs used to study
fast response times. Response times, in turn, have b<;en
studied both by the subtraction method and by the
additive-factor method.

COT ",ute"simulation

sternberg (1977) argues that computer theories are
iDaccessible to the scientific public: in practice,
computer theories have a degree of inaccessibility that may
inhibit the public nature of scientific enterprise. The
increasing sophistication of psychological theory is due at
least in part to the opportunities for psychologists to
replicate or' refute the results of others. But
oppo·:tunities for progress are diminished when the theories
are inaccessible, buried in computer programmes that are
difficult to acquire and understand.

computer
sake may
can lead

theories lack parsimony: "Parsimony for its own
be of guestionable value. But ignoring parsimony
to unfortunate results" (Sternberg, 1977, p.55).

computer theories contain many statements, most of them
interactive with other statenants, so that it becomes
difficult to assess what effect each one has, and whether a
given statement is really a necessary ingredient of the
theory. Simon and Rontovsky (i963) and Kontovsky and Simon
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(1973), for example, describe the differences in

do
and less powerful variants of their

not clarify what, distinguishes one
with computer programmes, simple

difficult to come by. Lack of

performance
theory, but

among
th~y

more

variant from pnother.
characterizations are
parsimony further contributes to the difficulty other
members of the scientific community have in testing the
theory.

computer theories
parameter estimates:
degree to which
contributes to the

do not generally provide process
An investigator may want to know the

each elementary information process
latency or difficulty of a given.' problem. This information is difficult to obtain from a

computer-based theory because of the large numbers of
int~ractive variables involved in most computer programmes.

Mathematical Models of Response Time

The Subtraction Method

Parametexs are often confounded: Explicit and implicit
confounding of parameters are fairly common in response
time studies using the subtraction method (e.g., Clark and
Chase, 197:2).

Alternative
Alternative

models are
models become

often indistinguishable:
indistinguishable when the

parameters that could distinguish them are confounded.

Parameter estimates are based upon too few degrees of
freedom for residual: The degrees of freedom problem has
become
into more complex
unfashionable to

particularly severe in recent years, as research
thought processes ."'3.S made it less

use large numbers of tJdrameterswith few
data point:;. Parameter estimation techniques (such as
multiple regression) are very prone to capitalisation upon
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error in da~a. Unfortunately, cross-validation of
parameter estimates is rare, although not entirely
neglected (e.g., Anderson, 1974). In short- increasing the
degrees of freedom for residual is a responsible way of
guarding against spurious "good fitll.

~ Udegrees-of-freedom" problem is of less conCern when
~nvestigators conduct proper goodness of fit tests for
their models. However, when goodness of fit is not testEtd,
the percent variance accounted for by a given model can be
a misleading descriptive statistic unless the statistic is
estimated with a large number of degrees of freedom to
spare. And these tests do nothing to solve the problem of
unstable parameter estimates.

ordering of paz'ametier-s is not mathematically specified:
Information processing models always specify the order in
which elementary information processes are executed, but
the mathematical realisation of these models may have no
order constraints.

Results
relating
to each
variable

of external validation may be distorted: When
individual differences in parameter values either
other or to individual differences in other

values', correlational pat-ternswill be distorted
if there are confounded parameters, and these are not very
highly correlated with each other. Furthermore there is no
a priori reason to expect confou.1ded parameters to be
highly correlated, and they may even be negatively
correlated.

The criticisms just mentioned are not.those usually made of
the subtraction method, but are those made by sternberg
(1977). There are, however, two criticisms that are
frequently made (Pachella, 1974; S Sternberg, 1969).
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1. liThe starting point for the application of the method
is a relatively sophisticated one: In order t.o

construct a comparison task, one must already know the
sequence of events that transpires be'tweenstimulus and
response. Such sophisticated kncwledge is rarely
av ai.Labl.a Obviously, the conclusions :r:eachedon
the b ,;is of the application of the method can be no
stronger than the sUbstantiation of the initial
conceptualization of the experimental tasks" (Pachella,
1974, p.47).

It is true
strong model.
an advantage
because the
inferentially
the model.
designed so
claEses of

~hat the subtraction method requires a
However, sternberg (1977) views this as

rather than a disadvantage. Firstly,
metho~ requires a strong model that is
powerful, it is thus capable of rejecting
Secondly, a good experiment will often be
that it is capable of rejecting models or
models other than the investigators

preferred one.

The criticism
point of the
motives behind
additive-fac'tor

regarding the so'~histicated starting
subtraction metho~ provided one of the

S Sternberg's development of the
method. Yet, Sternberg (1977) argues

that it is not clear whether in practice there is as
great a difference between initial conceptu~lizations
as has been claimed.

Haphazard selection of factors for a multifactor
experiment cannot be expected to yield enlightening
results. The investigator should choose factors t.hat;

(s)he believes are best able to differentiate stages of
processing, and in order to choose them in this way,
the investigator must have at least some prior idea of
what stages different' patterns of additivity and
interaction would imply., As Calfee (1976) points out,
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"The' first step in t~is paradigm is the analysis
L the underlying cognitive operations required to
perform a task" (p.24)."

The investigator should at ~east have an idea of what
the maximal stage model will look like, because there
is no point to including in the experiment.aldesign a
factor that could not conceivably be additive with the
others. This requirement i~ comparable to that for an
investigator designing an experiment using the
subtraction method: He/she should have an idea of the
maximum number of parameters a~d what they might mean.
It is always possible to test alternative models that
differ solely in number of parameters, and thereby to
discard superfluous parameters.

2. A second general criticism of the subtraction method
concerns the comparability of the experimental and
comparison tasks, or as Sternberg (1969) has called it,
the assumption of pure insertion. This refers to the
assumption that it is posGible to delete (or insert)
complete mental
task without

events from an information-processing
changing the na·ture of the other

constituent mental operations.

IIExperimental
thought of

operations
as deleting

which might be
entire stages without

altering the functions of other stages, are
probably very ra~ei they should be conGidered
special caseS1l (Sternberg, 1969, p.280).

While the validity of the assumption of pure insertion
has been challenged for some time now (e.g., Kulpe,
1895), it seems that the criticism should be properly
directed not at the assumption but at the failure of
many users of th~ assumption to test it. Perhaps it
was true in former years that little was known "c\bout
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how to test ehe validity ,!)fany.particular application
of the subtraction method" (Sternberg, 1969, p.277).
But this is no longer the case.

This criticism of the assumption of pure insertion
provided a second motive for the formulation of the
additive-factor method. The additive-factor method was
designed to make o..:heweaker assumption that factors
would change only the Quration, but not the inclusion,
of various stages. As Pachella (1974) has observed,
however, "The manipulation of factor levels may cause a
fundamental change in the pr~cessing sequence as may
happen with the deletion of an entire stage within the
subtraction Method. From a procedural point of view,
the difference between the subtraction Method and the
Additive Factor Method can be quite subtle" (p.S?). As
Pachella points out, the distinction between methods is
a matter of degree rather than kind. It is by no means
clear that experimental factors will always affect only
duration and not inclusion.

with regard to the subtraction method, it is not clear
how one can demonstrate the validity of the assumption
of pure insertion, if the model is true or close to the
true model.' However, as Sternberg (1977) points out,
it is not clear hoy, the user of the additive factor
method can demonstrate that only duration and not
inclusion of stages is affected. If stage inclusion is
affected, interpretation of the pattern of factor
aditivity and interaction will be compromised.

The Additive Factor Method

Ste.t.llberg (1977) suggests four limitations of the
additive-factor method: It does not reveal stage
duration: it provides no indication o~ stage order; it
provides no direct indication of the SUbstantive

79

"



interpretation
regarding the
questionable.

of any stage and the fundamental assumption
means of identifyhig sepcrate stages is

HIn situations where stages have some
independent definition, it is perfectly conceivable that
two factors might affect a single staqe in an additive
manner or interact" (Pachella, 1974, p.58).

Common Limitations

Certain limitations are common to both the subtraction and
additive-factor methods, and to computbT simulation
methodology as well.

Information processing methodology does not provide a
means for systematically studying correlates of individual
differences in performance. In order to examine either
consLatianc.i.aa in patt.ernsof individual differences across
different task parameters, or between task parameters 0. '

external measures of pezficznuanoe, the correlational methods
of d~"ferential psychology are needed to accomplish this
goal.

Information processing methodology does not provide a
common language across tasks (and ir.vestigators): As
information pro'cessing me chodol.oqy has become more lvidely
used, the list of parameters corresponding to hypothesised
elementary information processes has grown steadily
(S·ternberg, 1977). Thus the problem may arise of
establishing whether the a parameter of one task is the
same or different from the x parameter of another task.
In most cases differences will be clear, but identity is
difficult to establish. The correlational methods of
differential psychology are useful in solving this
dile'J.lIa. If values of the blo parameters are very highly
correlated across individuals as vlellas tasks, chances of
the parameters being equiv~lent are increased, although a
high correlation is only a necessary but not sufficient
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condition for parameter equivalence. If individual
differences in the parameters are unrelated or weakly
related, the parameters
underlying process.

cannot represent

Information processing methodology does not prevent
overevaluation of task specific components: A particular
parameter may account for individual differences in
performance of a particular task. But if it accounts for
individual differences in performance only of that task, it
is of limited ir.terest. A shortcoming of information
processing research has heen that despite the extensive
study of highly specialised information processing tasks
there have been a:most no attempts to show that t4e
parameters 'that account for individual differences in
single specialised tasks are generalisahle to other tasks.
....orrelational metihcds provide a "lay of demonstrating
gcneralisability (sternberg, 1977).

It will have be~;,n.rt i.cedin the preceding discussion that
the information l~rocessing view of cognitive abilities as
dynamic information processing capabiLdt.Lea provides an
alternative to the differential view of abilities as static
Psyc:'.,ological factors. The emphasis in information
processing res'earch is on the exploration of complex
processes and on being explicit ahout internal mechanisms.
Al~hough the information processing approach does not
suffer from any of the intrinsic limitations of factor
analysis, it is not without its own shortcomings.

Having discussed both the differential and information
processing approaches to investigating cognitive abilities,
highlighting their respective strengths and weaknesses,
attention will now he turned to more contemporary
approaches, that have sought to integrate the differential
and informatiun processing approaches i~ ways that would
combine the best features of each, i.e., the cognitive
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correlates approach (Hunt; et a1., 1973, Hunt et a1., 1975)
and componential analysis (Sternberg, 1977).

CONTEMPORARY
ABILITIES

APPROACHES TO UNDERSTANDING COGNITIVE

Recently, a humber of different approaches have be€?n
pursued by cognitive psychologists in their quest to gain a
compreheJ"1sive
(1981) lists

understanding of mental abilities.
as examples: The cognitive

sternberg
correlates

approach; cognitive components approach; cognitive training
approach; and the cognitive contents approach. The most
viable contemporary approaches to' mental abilities all
integrate differential a.id information proceSsing
techniques in some way. However, differences tend to
emerge depending on whether they ar~ outgrowths pr~marily
of the differential or informa~ion processing approach
(sternberg, 1979). E'orthe purposes of the present study
attention will be focused on two contrasting approaches to
the experimental analysis of individuaJ. differences,
namely, the cognitive correlates approach and the cognitive
ccmponerrcs approach. Albeit that the former approach has
been classified as being an outgrowth of the differential
approach, whereas the latter approach has been classified
as stemming ,from information processing teChniques
(Sternberg, 1979), Pellegrino and Glaser (1979) note that
both approaches attempt to understand the mental a:::tivities
that contribute to individual differences as measured by
psychometric instruments. The cognitive components
approach will, however, be discussed in far greater detail
than the cognitive correlates approach, due to the central
role that componential task analysis will play in the
present investigation.

THE COGNITIVE CORRELATES APPROACH

The cognitive correlates approach is best typified by the
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,york of Hunt and his colleagues (Hunt, Frost and Lunneborg..
1973; Hunt, Lunneborg and Le~is, 1975; Hunt and Lansman,
1975; Hunt, 1978).

This approach involves the testing of subjects' ability to
perform tasks that contempora.ry cognitive psychologists
believe measure basic human information processing
abilities.

sternberg (1981) describes the proximul goal
as being the estimation

quantities) representing

in
of

the
cognitive-correlates research
parameters
duration of

(charaoteristic
performance for the information processing

components constituting each task, dnd then the subsequent
investigation of the extent to which these components
correlate across subjects with each other and with Scores
on measures commonly believed to assess intelligence'(e.g.,
RaVen's Progressive Matrices). Most commonly, correlations
between parameter estimates and measured intelligence are
statistically significant, but moderately low - unusually
around .3 (sternberg, 1981).

The distal goal of cognitive correlates research is the
integration of individual differences research in
particular by providing a theoretical grounding from
cognitive psychology for differential research (Hunt et.
al., 1973). Thus, Sternberg (1981) maintains that instead
of trying to draw theoretical conclusions from correlating
scores on one empirically derived test (e.g., reasoning)
with scores on another empirically derived test (e.g.,
vocabulary} as differential researchers have. done, the
cognitive correlates a.pproach advocates the drawillg of
theoretical conclusions from correlating scores on an
empirically derivee test with parameters generated by a
cognitive model of some aspect of mental funotioning (e.g.,
memorx scanning).
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While giving credit to cognitive correlates researchers for
providing a cognitive-theoretical base for individual
differences research to supplement the psychometric
theoretical base that had existed earlier, at the same
time, sternberg (1981) questions whether cognitive
correlates researchers are providing the optimal cognitive
theoretical base. He suggests that the relatively low
corre1ations attained between task parameters and
psychometric test scores may be attributed to psychometric
test performance drawing on lower level perceptual and
memory abilities of the kinds studied by cog~itive
correlates researchersI but only in a peripheral way.
Moreover, Sternberg emphasises that"it is not clear whether
the rather simple kinds of information processing required
by many of the perceptual and memory tasks cognitive
psychologists have studied, do justice to the rather
complex kinds of information processing required by many
psychometric tests of mental abilities.

Sternberg (1981) contends that until a better understanding
of the .3-level correlation between parameter estimates and
measured intelligence is acquired, a final evaluation of
the cognitive correlates approach will not be possible. To
datG, no research in this regard has been conducted.
Nevertheless cognitive correlates researchers have managed
to bring individual-differences research closer to
mainstream cognitive psychological research.

THE COGNITIVE COMPONENTS APPROACH

In the preceding two sections, dealing with the
differential and information processing approaches to
cognitive abilities, it has been demonstrated that the
respective strengths and ~leaknessesof these approaches are
complementary. Each approach being capable of providing
Useful, but incomplete explanations of human behaviour.
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Given the complementary s~rengths and weaknesses of the two
approaches,
an approach
approach,
(sternJ::erg,

"it should be theoretically possible to develop
that would capitalise upon the strength of each

and thereby share the weakness of neither"
:1.977,p.65). During the past few decades there

have been calls for investigators to do just that
(Cronbach, :1.957;l1essick, :1.973),and in recent years
several syntheses have been made (e.g., Day, :1.973;Hunt,
Frost and Lunneborg, :1.973; Carroll, :1.974). The
componential approach described here, i.e., componential
analysis continues and draws upon the syntheses developed
by Day, Hunt, simon, Carroll and oth~rs.

c The Objectives of componential Analysis

The overall objective of
identification of the

componential analysis is the
component mental operations

underlying a series of related information processing tasks
and the identification of how these component operations
are organised in terms of their relationships both to each
other and to higher-order conste:lations of mental
abilities.

E'undamental unit of Analysis

The fundamental unit of analysis in componential analysis
is the component. A component is an elp.mentaryinformation
process that operates upon internal representations of
objects or symbols (Newell and Simon, :1.972).The component
may translate a sensory input into a concepttlal
representation, transform one conceptual representation
into another, or translate a oonceptual representation into
a motor output. componential analysis is therefore of
similar character to information processing analysis in
that its elementary tlnit is a prooess rather than a
construct repres~nting a static source of individual
differences.
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Each
with

component
it that

has three important properties assoLiated

execution.

may be measured by mathematically estimated
duration, difficulty, and probability of

In Q,thel. werds a given component consumes a
amount of teal time in its execution,'has a certain

parameters:

certain
probability of being executed correctly, and has a certain
probability of heing executed at all (Sternberg, 1980).

Components
(Sternberg,

perform at least five Kinds of functions
1979, 1980): Metacomponents are higher-order

.'

control processes that are used for planning a couzse of
action, for making decisions regar~ing alternative courses
of action during reasoning or problem solving, and for
monitoring the success of the chosen course of action.
Performance components are processes that are,used in the
execucion of a reasoning or problem-solvins strategy.
Acquisition components are processes used in learning how
to reason or to solve problems. Retention components are
processes used in retrieving previously stored knowledge,
whether it be knowledge needed during reasoning or problem
solving or knowledge regarding the reasoning or l~roblem
solving algorithm itself. Transfer components are
processes
knowledge
another.

used in generalisation, that is, in carrying over
from one reasoning or problem-solving task to

The component is not nec'''lssari:Ly,and usually will not be,
the most elementary unit of behaviour that might be
studied. operations that are thought to be theoretically
unimportant will be specified in the information processing
model of task performance, but will not be identified as
separate components The rationale underlying this
selectivity is that compl.ex tasks m.·y l."equirea
considerable number of operations, most of which are
theoretically uninteresting. Componential analysis, l.ike
all of psychology, is red~otionist in that it selects for
examination only those aspects of behaviour regarded as
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being theoretically important. These aspects of behaviour
are understood through componential theories and models.

componential Theories and Models

A componential theory comprises two parts: Identification
of components involved in task performance; and
specification of the combination rule for these components
(sternberg, 1977). componential theories may differ from
one another because they differ with regard to either the
components theorised to enter
combination rule for components.

performance, or the

" As a rule componential theories do not fully account for
informa·tion processing behaviour under consideration. As a
result, it is necessary ·topropose One or more componential
models, each of which is consistent with the componential
theory. A model further specifies both the order of
component execm.tion,and the mode of component execution.

order of component execution refers to how componant.sare
sequenced. Mode refers to whether the execution of a given
set of compor:ents is serial or in parallel, exhaustive or
self-terminating, and independ-''1tor non-independent. In
serial processing, components are dxecut£d sequentially; in
parallel processing, they are executed simultaneously. In
exhaustive processing, all possible executions of a given
component or set of components are performed; in
self-terminat':''1gprocessing, execution of components
terminates before all possible executions have occurred.
In independent processing, the execution of a given
component has no effect upon whether any other component is
executed; in dependent processing, execution of one
component does affect' whether one or more additional
components are executed (Sternberg, 1980).
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Componential models are expressed in information processing
terms, usually as flow charts. The flow chart should
provide a full description of the processes involved in
task solution. The information processing model must be
translated into some form that is suitable for empirical

(1977) lists two conventional ways of
first is by simulating the model on a

testing. sternberg
doing this. The
.computer and then determining whether the computer found
difficult (or easy) the same items that human sUbjects
found difficult (or easy)• A second test requires
formulation of a mathematical model of performance, with
parameters of the mathematical model corresponding to
components of the information proc~ssing model. The model
is then validated in terms of its fit to experimental data.

Table 3.1 provides a summary of the aspects of performance
that distinguish among theories and models.

When all four aspects of performance (see Table 3.1) are
specified, a more comprehensive understanding of the
behaviour under ccmsideration is facilitated.

Individual Differlmces

In componential- analysis, individual differences may occur
in either the components involved in task performance or
the combination rule for components. !f individual
differences derive from either of these two sources, then
one theory is inadequate for explaining the behaviour of
all subjects.

At the model level, individual differences may occur in
either the order of component execution or the mode of
component execution. Again, if individual differences
derive from either source, then one model is inadequate for
explaining the behaviour of all subjects.
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Theory Identification of Specification of Components
CaapQnents Combination RuU

Hodel Stipulation of stipulation of cOllponent
COilponent Execution Order Etecution Node

-
tABLE 3,1 ASPECTS OF THEORIES AND MODELS IN COMPONENTIAL ANALYBI.'

{Sternberg, 1977, p, 611
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At the component level, i~dividual differences may occur in
component time or d~ffi"ulty. In ot:her words, some
subjeets may pe.rform certain operations more quickly or
more easily than other subjects. When Lnd.i.v Ldua L

differences are at the component level only, then one
theory and one model are applicable for all subjects.

The five sources of individual differences are
hierarchically organised into three levels: Theory, model,
component, which are summarised in Table 3.2. sternberg
(1977) suggests that individual differences at higher
levels affect interpretation of individual differences at
lower levels, and offers several examples to help clarify
how these effects operate:"

At the Theory Level: Should one subject use components
a, band c and another use components c, d and e,
then it will be possible to compare component orders, modes
and values only for one component, the overlapping c.
Alternatively, should both subjects use components a, b
and 0, but one subject uses an additive combination rule
(a + b + 0) and the other subject uses a
multiplicative combination rule (a x b x c), then
component values must be oonsidered in light of the number
of times each' component is executed. The first subject,
for example, executes component a once while the second
subject executes it bc times.

At the Model Level:
band c

execute

Should
in that
them in

one subject execute
(forward} order and
the reverse order,

components a,
another subject
component values may be affected by the efficiency of one
or the other strategy. Alternatively, should the
difference be in mode of execution, such as in self
terminating versus exhaustive searoh, faster execut.Lon of
individual components in the exhaustive searoh may be more
than 'offset by the greater number of times the components
must be executed. Thus I although amount of time per
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= I m.mE

I Subject 1 soJ yes prohl es

I
using components a ,b,ei
Subject 2 solves peobles
using components a,d,e,

Subject 1 combines
co~ponents additive!y: a

I
b c.
Subject 2 components
I them multiplicatively: a

b c.

LEVEL EmANATIONSOURCE

SOllie subjects use more
components, fewer coapcnents, or
different c03fionents from those
used by other ~~bjects.

rheory Components

Co~bination Rule for
Components

Some subjects eesbi ~e components
according to one rule, others
aacording to .l different rule.

f:of.de;:;==;OIPo".t I SO" suhjects order' cOllponents -I Subject 1 orders

I
Processing in one sequence, others ia a 'I components a, then b,

different sequence. I then e; subject 2 orders
them c, then h, then a.

Hodel

UHade of ""~;;"1s~, .;;;;, P'''''' _,,,,,,; .s,",Jo<t , P";';;;j" I
Processing components in one mode, others component a in

in another mode. ! self-terminating mode;

L_ Subject 2 processes
component a
exhaustively.

TABLg 1. Z 'RegS OF INDIVIOllAG DIFFERENCES IN COIIPONEHTIAL ANALYSIS
(fternberg, 1977, p. 691
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component execution may be shorter, total amount of time
spent on a given vomponent may be longer (owing to repeated
executions of that component).

In general then, the effects of individual differences in
component processes
interpretation of

higher in the hierarchy will affect
individual differences lower in the

hierarchy. In fact, Sternberg (197~) claims that the
reverse '-dy also be true.

structure of Componential Analysis

In its barest outline (shown in TaJ51e 3.3), a ...:omponentiaJ
analysis comprises a series of intensive task analyses
that, taken together, form the basis ~or an extensive task
analysis.

The goal of an intensive t~3k analysis is to gain a
comprehensive Understanding of the psychology of one
particular task. In particular, it is designed to identify
and understand the performance components specific to that
task. The goal of an extensive task analysis is to
integrate the findings of a series of interrelated
intensive analyses. In particular, it is designed to
demonstrate the, psychological reality and generalisability
of the identified components.

Each intensive analysis may be dichotomised into an
internal and external validation.
consists of the attempt to

Internal validation
reduce composite task

performance into underlying components. External
validation is the attempt to understand how the identified
components of task performance generate individual
differences in performance on external tasks. It is of
importance to demonstrate through external validation that
patterns of individual differenCes in components for the
particular task under investigation are not specific to
that task, but are instead of general interest.

;- 92



·

IIIntensive Analysis 1

EIte.lSive Intensive AnaJysis 2 I
Ana.lysis Internal External

Validation Validation

Intensive Analysis H

"""""

TABLE 3.3 COMPONENTIAL TASK ANALYSIS (sternberg, 1977, p. 7l)

93



INTEN8Iv~ TASK ANALYSIS

Composite Task or Test Score

In the situation where a number of tasks have been
aJministered to a particular group of sUbjects, and a task
score for each subject and an index of difficulty (such as
proportion correct or response time) for each item type
have been computed, but the primary concern is with only
one of
viewpoint,

these tasks, from the componential analysis
how would the data be analysed? Taking this

viewpoint, variance
be of interest, but

across sUbjects as well as items will
the final sfrategy will differ from

that of both the differential or information processing
approaches. The composite task score will be regarded as a
measurement of the manifest trait of personality theory,
which represents observable behaviour, he 'ever, primary
interest is not so much in this behaviour as in the latent
traits that underlie this behaviour. In order to reach the
level of the latent traits, Sternberg (1977) points out
that it is necessary to go through an intermediate level
between the manifest and latent traits, which are measured
by composite task scores and component scores
respectively. This intermediate level is the level of the
interval score.

Interval Scores

The first step in a componential analysis comprises the
formation of interval scores from the decomposition ot the
global task into a series of subtasks, as was done by
Johnson (1960) in his pioneering method of serial
analysis. E".ch interval score is a score on one of the
series of subtasks, and measures performance on a subset of
information processing components required.for completion
of the total task. Eaoh subtask in the series of subtasks
requires successively less infonnation processing, and
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hence should involve reduced processing time and difficulty
(sternberg, 1978). The basic strategy described above is
referred to as precueing (sternberg, 1977).

focused
purposes of the present study attention will be

on the method of precueing as it has been applied
presentation of verbal and geometric analogy

af the form A:B::C:D (Sternberg, 1977). In Qrder

Far the

in the
problems
to
the
the

decompose
subject's
analogy.

the task, it is necessary to eliminate from
information processing successive terms of

Since the analogy comprises five terms, up to
can be formed, altpough, accordi!lg to

(1978), there is no reason for splitting up the
five subtasks
Sternberg
two answer options. Thus, the precueing method involves
only four subtasks. In each case, presentation trials are
dichotomised. In the first part, the experimenter presents
the subject with some amount of precueinlJto facilitate
solution of the analogy. In the second part, thaL of
primary interest, the eXperimenter presents the full
analogy. solution of the analogy, however, is assumed to
require merely a subset of the full set of components
(i.e., to be a subtask of the full task), because the
experimenter assumes that the subject utilised the
precueing presented in the first part of the trial to
reduce his/her' processing load in the second part of the
trial (Sternberg, 1977).

In the first subtask (which is identical to the full task),
the subject is presented with a blank field (no
precueing) .
proceed, ~ i

solves the

The subject indicats~.·when he/she is ready to
then the ftT" 'ogy appears. The subject

analogy, a~ .J is accordingly. In the
second subtask, tr .tilcei'Jesa large subset of tt!
task. The firb of the trial consists merely of
precueing with the .:irstt.ezmof the analogy. The subject
then indicates that this t.ermhas been processed, and then
tl',:whole analogy is presentrad. The subject solves it, and
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then indicates his/her response. It is important to note
that although the full analogy was presented in the second
part of the trial, only the last four terms needed to be
processed, since the first term had been preprocessed
during precueing. The third subtask involVes a smaller
subset of the total task. The first part of the trial
involves the presentation of the first two terms of the
analogy; the second part consists of full analogy
presentation. The fourth subtask involves a very small
subset of the full task in the second part of the trial.
The first part of the trial consists of presentation of the
first three terms of the analogy; ~he second part consists
of full presentation, but requires processing of only the
last two terms.

The general
successively
(precueing)
reduce the amount of processing required in the second part
of the trial. Subjects are afforded as much time as they
require for both parts, to ensure.that maximum information
processing is encouraged both before termindtion of
preaueing and before response selection (sternberg, 1977).

strategy, t.hen , is to provide subjects with
greater amounts of prior information

in the fi.........._; of the trial, which serves to

Types of Interval Scores: TlolOtypes of interval scores
stem from the breakdown of the task, one type for the first
part of the trial and one type for the second part of the
trial. Both are interval scores in the sensa that they
represent
solution.
trial is

processing in
The interval

called a cue

some time interval during task
score for the first part of the

score because it is based upon
performance in the precueing pp_rtof the trial. The cue
score represents the time from the onset of precuemg until
the subject indicates his readiness for the second part of
the trial. The interval score for the Second part of the
trial is called a solution soore because it is based upon
performanoe during that part of the trial requiring item

.,'
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solution. The solution score represents the time from the
onset of the second part of the trial (usually the full
problem) until the ~..lbjectindicates his solution.

Assumption of
the breakdown

Additivity: Only one assumption is made in
of the composite task and the formation of

interval scores, i.e., that of ad6~tivity: Interval scores
reflecting lesser amounts of processing are "contained in"
interval scores reflecting greater amounts of processing.
"The interval scores may be viewed as a seri8S of
concentric circles, with the composite-task interval score
encircling interval scores for all sUb-tasks, and scores
for each successive sub-task,' and scores for each
successive sUb-task encircling all those that are based
upon less processing" (sternberg, 1977, p.'74).

In order for the additivity assumption to be justified, the
precueing procedure must not alter the nature of the task.
The succession of sub-tasks must actually represent
processing that occurs in successively later intervals of
theafull task.

It ~s important to note one assumption that is not made,
i.e., that interval scores correspond to distinct stages of
processing (St~rnberg, 1969). It is possible for multiple
stages to occur wit 1 one interval, or for a par+:icular
stage 1:0 occur durill,:lseveral intervals. In short, there
are no assumptions made regarding stages.

Internal Va!idation Simplex Model: The assump~~on that
interval scores requiring less processing are contained in
interval scores requ.Lring If.oreprocessing is: e'll'.pirically
testable. Should the assumption be correct, then the
succession of jnterval scores should form a simplex

scores is accomplished
simple 1:I"st is

by
validation of the interval

testing this assumption. One
(Guttman, 1954) • Internal

very performed by inspecting the
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intercorrelation table of solution scores with themselves.
Should there be a general decrease in the magnitude of
correlations avlaY from the principal diagonal of the
intercorrelation matrix, then the solution scores are
probably related simplicially.

The scores of primary interest are the solution.scores and
these are formed into a simplex model, which comprises a
set of equations in which each solution score is predicted
by regression from the immediately adjacent solution
scores. Such a model, according to Guttman (19 '.),oan be
used as a basis for further testing of simplicial
structure.

In praotice,
show perfect

the sucoession of interval scores will rarely
additivity. Sternberg (1977) attributes this

to two rer'ilons: First, interval scores will generally be
somewhat unreliable, and to the extent that measurement
error in one interval score is uncorrelated w'ith
measurement error in another in'cerval score, additivity
\'1i11be lacking. Second, it is possible that the breakdOlvn
of the task into sub-tasks will at least slightly alter the
nature of processing in ohe or more sub-tasks relative to
the fUll task. Again, additivity will be affected. In
general, however, the procedures of componential analysis
can withstand additivity violations, although large
violations will obviously compromise results (sternbeJ:'g,
1977) .

External Validation: External validation of the interval
scores begins by oorrelating the interval scores from
referenoe ability tests. The objective her is to
demonstrate both convergent and discriminant validity.

convergent
interval

validity is demonst:ated by
soores correlate ~'ighly with

showing that the
well-established

tests or other performance criteria that are hypothesised
to measure the same tning as the interval scores.
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Discriminant validity is demonstrated by showing that the
interval scores correlate only trivially with tests
measuring abilities hypothesised to be unrelated. If there
are confoundings of particular concern, discriminant
validity may be shown by holding constant statistically the
scores on the confounded tests(s).

component Scores

Formation:
individual
durations

component; scores
subjects. They are
or difficulties

are parameter estimates for
hypothesised to measure the

of the components of the
of task solution. sternberginformation processing

(1977) lists three key
model

ways in which these scores differ
from oomposite task soares and int~rval soores:

First, the
behaviour.
the overt

scores differ in terms of the level of measured
The oomposite task soore is viewed as measuring

or manifest trait. The interval soores are all
at intermediate levels. The component scores are viewed as
measuring latent traits, the root processes underlying
observable behaviour. Seoond, the scores differ in the
purity of measured behaviour. The composite task score is
a measurement of a mixture of various elementary
information processes. Interval scores formed from the
composite soore are also themselves composites. However,
suocessive interval scores may contai.ndifferent numbers of
elementary
hypothesised

information processes. Each component score is
to be a measure of ·theduration or difficulty

of a single elementary information process. It is a IIpureII
measure at the level of interest of the investigat.or.
Third, the scores differ in their dependence upon a theory
of measured behaviour. The composite task score may be
theory-free, with no theory behind it all. Tt is for this
reason that it has been possible to go into a factor
anaLysLs without a theory and to emerge from it with a
theory: The computation of scores from which the input
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cOl;'relationmatrix is calculated may be theory free. The
interval score is bound to a theory about the measurement
process. The theory is that the sucoession of interval
scores is additive, and is mathematically formulated in
terms of a simplex.model. The component score is bound to
a theory about psychological process. The component scores
will change if the theory (or specific mOdel) changes. The
theory is the component theory together with the specific
model under that theory.

Internal Validation Component Model. Internal
validation of the component scores is by the component
model. An estimate of goodness· or badness of fit is
calculated for each individual subject under each model.
The best fitting model will then be used as the basis for
computing component scores.

Onoe again
made about
operations

it is worth mentioning 'thatno assumptions are
stages. In some models, certain component

may be repeated after other component operations
intervene, so if some kind of stage representation is used,
it is advisable to allow for the possibility that a stage
may be re-entered after it has been executed

External Validation: Procedures for external validation
of the component scores are similar to those for external
validation of the interval scores. The component scores
are correlated with the reference ability scores and
thereby assessed in terms of c~nvergent and discriminant
va.Lidation.

Reference Ability Scores

Formation: Reference ability scores are based upon
conventional tests of mental ability that are selected so
a.s to provide criteria for convergent and discrimiuant
validation 'of the interval ::elndcomponent scores. When morel
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than one test of each ability is used, a factor score
(derived from factor analysis) may be used to summarise the
information from the battery of tests.

In componential analysis, reference abilities are defined
as IIconstellations of components (latent traits) that in
combination form stable pa·tternsof individ~al differences
across tasks" (sternberg, 1977, p.78). It is important to
note that ::1 this definition, reference abilities are
defined in terms of multiple tasks, individual differences,
and constellations
suggest
analysis.

the role
of components.
factors might

These three properties
play in componential

"
Componential
factors are
abilities,

view of fac·tors: In componential analysis,
mathematical representations of reference

just as parameters are mathematical
representations of components. The limitations cf factorE
that make them unsuit.able as representations of latent
traits (see the section The Decline of the Differential
Approach earlier in this chapter) cease to be 1 oblems
when factors are viewed as representations of reference
abilities rather than latent traits. First, both factors
and reference abilit.ies are defined in terms of multiple
tasks and
properties

individual differences. Their
and it

intrinsic
is quiteare therefore congruent,

appropriate to use factor scores as measures of reference
abilities.
may be

Second,
understood

both factors and reference abilities
in t,erms of constellations of
they are defined in this way,components. When

non-uniqueness ceases to be a problem, because it is simply
a manifestation of the infinite number of ways in which
components can be combined to form constellations. A
single component may enter into many factors and may be of
differential importance in difference factors.

Relationship between tasks and facto:l:s: A significant
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outcome of linking task suores to manifest traits and
factor scores to reference abilities is that both tasks and
factors come to be seen as quite similar in one fundamental
respect: Both repr~sent constellations of components.
Given this similarity they also differ in one fUndamental
respect: The components entering into tasks are held
together by information processing constraints ..a certain
set of components is required to process the task; the
components entering into factors are held together by
individual differenoes constraints oertain sets of
components form stable patterns of individual differences.

By their nature, both tasks and factors are arbitrary.
The number of tasks that can be devised requiring different

with which
of components is infinite, as is the fineness
sources of ;n.:!~'ri rn~dl differences can be

combinations

identifi('·.i.
components
differenoes

As new tasks requiring new combinations of
are devised, new sources of individual
will be fourd, if only the distinctions ar~

enough. ste.~r~~g (1977) maintains that for
differential psychology has seen a

drawn
this

finely
reason

proliferation of factors.

components
finite.

are non-arbitrary,
Although they can be

and their number is
combined in an infinite

number of ways, and thus appear in many guises, they remai.l'l
the same. i'heyare the latent traits that account for both
task scores and factor scores.

componential view of factor analysis: sternberg (1977),
identifies two major uses of factor analysis in
componential analysis.

First, factor analysis is
the hypothesised reference

used in the attempt to recover
abilities from the manifest

trait data. There is no guarantee 'thatwhen subjects are
given a series of ability tests, the recovered factor
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structure will correspond to the hypothesised
reference abilities. It is necessary to
the observsd pattern of individual

categorisation of
demonstrate that
differences corresponds to the predicted pattern. If it
does not, the identities of the reference abilities may
have to be reconceptualised.

Second, factor dnalysis is used to provide summary factor
scores for each identified reference ability. It is always
advisable to give at least two and preferably more tests
for each ability in order t.oseparate the common variance
of interest in the tests from specific variance that is not
a true part of the reference ability. Some a priori
weighting of tests could be used to form a composite
estimate of performance on the reference ability. The
advantage of using a factor score is that it is the
statistically optimum estimate of performance on the factor
and therefore of performance on the reference ability.
Factor scores thus have the dual advantage of being
convenient summary scores and at the same time, optimum
estimates of reference ability performance.

Sternberg (1977) argues that the role played by factor
analysis in componential analysis is much less ambitious
than its role' in traditional differential psychology. In
componential analysis it is used to identify stable
patterns of individual differences and to quantify these
,patterns by assigning one or more numbers to each subject.
When factor analysis is used for these more modest
purposes, the problems associated ",ithits use (highlighted
in the section The Decline of the Differential Approach
earlier in this chapter) disappear because such problems
occur only in the conventional use of factor analysis to
unoover tl'l.elatent structure of human abilitie's.

Reference Ability Models: Referenoe abilities are
defined in terms of constellations of components. Given

103



their definition, it should be possible to dissect these
abilities into their underlying components. This
dissection is attempted through referenoe ability models.

In referenoe ability modeling, the objeotive is to aocount
for individual differences in subject's reference ability
scores in terms of individual differences in their
component scores.
~0ility would be

Full understanding of a given reference
attained when all the systematic

between-subjects variance in the reference ability scores
was accounted for by a combination of components.

Integration structural Regression Model

Thus far, three differEmt model types have been described.
The simplex model (for solution scores), the oomponent
model, and the reference ability models. The outcomes of
these three.different model types can be integrated through
a structural regression model (sternberg, 1977). This
model gives an overall account of the interrelationships of
individual differences in the various ·typesof scores. The
design of a structural regression model (as applied to
componential analysis) is shown in FigUre 3.1.

A struct.lral regression model is a causal account of
interrela·tionships. In componential analysis, the causal
elements are the components. Parameters representing
hypothetical component durations or difficulties are shown
in the third row of the model in the figure. These
components
first is

combine to form ·two types of entities. The
smbodied in the sub-tasks formed by breaking down

the total task.
of the model.
par"meters to

These sub-tasks are shown in the seoond
Arrows are shown leading upwards from

the SUb-tasks. Not all parameters are
row
the
shown for all sub-tasks.
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SUBTASKS 504 Jll'S1-4 ....s2... ... ...

~ ~
PARAMETERS abc d a b

W ~,.. ?' ....
fACTOR F F F

FIGURE ),1 D8SIGN OF A STRUCT,URAL REGRESSION MODEL {Sternberg, 1977 p. BI}
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Parameters are shown only if the corresponding components
enter into performance on the sUb-task. The second type of
entity is the reference ability. A hypothetioal factor is
shown in both the first and fourth rows of the model. In
Figure 3.1, arrows are shown leading downward from the
parameters
ability.

to the factor rep.::esentingthe reference

The relationship of the reference ability to the components
is mediated by the use of sub-tasks. Access from the
components
sub-tasks

to t'le reference nbilities is possible via the
that form the basis for componential modeling.

"
operationally, therefore, sub-tasks form a mediate link,
and reference ability scores can be accounted for in 'terms
of solution scoroas, which are themselves accounted for by
the component; scores, Thus, arro\-TSare drawn from the
sub-tasks to the factor, although it is understood that
these SUb-tasks represent only mediating operational links
in the chain. From a theoretical point of view, the
solution scores can be dispensed with once the component
scores are estimated. In pre. .ti.ce however I Sternberg
(197,) points out that they are very useful even after the
component scores have been estimated.

The structural' regression model summarises in ("<Jmpactform
a large quantity of data from the intensive analysis. It
may be seen as forming the basis for construct validation
of the system of models and of the task used to validate
these models. Sternberg (1977) suggests that high
construct validity is indicated by a high level of
prediction for: Interval scores from component scores;
referenoe ability scores from component scores; reference
ability scores from interval soores and interval scores
from each other.
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OVERVIEW

The structure of the entire intensive analysis is shown in
Figure 3.2~ The composite task score, measuring the
manifest trait, is broken up into interval scores. Internal
validation of the interval scores is through the simplex

scores
External validation is through correlations with

on reference abilities tests and through the
model.

reference abilities models. In the correlations, the aim
is to show both convergent and discriminant validity. The
interval scores are used as a basis for computing component
scores, which are hypothesised to mea.surelatent traits.
Internal validation of the componeht scores is through the
component model. External validation is through
correlations with the reference abilities and through the
reference abilities models. Again, the aim is to show both
convergent and discriminant validity. The various types of
models are combined into a structural regression model,
wh i.ch forms the basis for intensive construct validation of
the system of models and of the task used to validate the
modelS.

Extensive Task Analysis

An extensive' analysis comprises a series of related
intensive analyses. The prime objective thereof is to
demonstrate through a sequence of converging operations
(Garner,
identified
psychological

Hake and Eriksen, 1956) that tAe oomponerrt s
one particular intensive analysis have

reality, and that they are generalisable to a
in

variety of related tasks.

sternberg (1977) maintains that information processing
.psychology has been caught in a web of specificity, the
reason for this he believes is that its very nature lends
itself to specific theories. Little attempt has been made
to demonstrate that the parameters that are applicable to
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one task are applicable to related tasks as well. In
general the tendency has been toward the identification of
very specific parameters for even more specific tasks, with
no attempt to show that the hy~othesised parameters are of
any relevance or interest beyond a given task or even task
material.

The extensive analysis strategy selected will depend upon
the task domain under study, and so it is necessary to be
somewhat specific in showing the course an extensive
analysis might take. Table 3.4 provides a summary of the
extensive analysis strategy used for the series of analogy
studies conducted by Sternberg (1977)..'
In the extensive analysis for the analogies studies, five
task ,'ariables were systematically varied: Dependent
variable, response format, type of content, difficulty and
definition of attributes. Three intensive analyses used
response time as the primary dependent variable, while one
used proportion correct. In two studies, the response
format was true-false, in two, it was forced choice. In
two 8xperiments, the content of the analogies was verbal;
in two, it was nonverbal. Items across studies ranged from
very easy
attributes
tha't if

to very difficult. In one study, stimulus
were very vlelldefined. Sternberg (1977) argues

the same theory can be found to apply across all
these different task manipulations, then it can be
concluded that the theory is a general one.

Advantages of componential Analysis

From the preceding discussion on the componential approach
to cognitive activities, 'it is apparent that componential
analysis has a number of advantages over both the
psychometric techniqUes of differential psychology and the
modeling techniques of information prooessing psychology.
Table 3.5 presents a summary of seventeen of these

109



rype of Analogy Dependent Response Type of Content
I

Difficulty
L!ariable Format,_...,.,...,.,. ---. .,People Piece Response Time True - FElse Hon - Verbal Very Easy

Analogies

IVerbal AJlalogies J Response Ti!le I True - False Verbal I Fa ir1y Easy

GeODetriC-~ Response rime Forced - Choice [ Non - Verbal Fairly Difficult
Analogies

Name -]
,"- t forced - choi~e

-
Aohal Proportio» Verbal Very Difficult
Analogies torrec:

.- -
_,TAB18 J.4 OVERVIEW OF CQ,¥VRkGING OPERATIONS IN ANALOGICAL REASONING EXTENSIVE TASK ANAf.YSIS

EXTENSIVE COPSTRUCT VALIDATION

(sternberg, 1971, p, 84)
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TABLE 3.5 ADVAlifAGES OF INTERVAL, COMPONENT AND REFERENCE ABILITY SCORES
(sternberg, 1917, p. 85)
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advarrt.aqes, which result from: The breakdown of the
composite task into sub-tasks and the formation of interval
scores; the formation of a component model and component
scores, and the use of referenca abilities and reference
ability scores.

Problems with componential Analysis

Pellegrino and Lyon (1979) have provided a comr ~h~ 've
and perceptive analysis of componential analysis. A ..... 1.• ~gh
the main focus of their analysis is on sternberg's
pioneering work in t:his domain of cognitive research, it
taJces into account more recent work as well, and thus
seJ..-vesas an evaluation of the analytic system as a whole.
Sternberg (1980) subsequently responded to this critique.
His response is orgarised along more or less the same lines
as the original review.

Potential Me'thodologicalProblems

Parameter Confoundings: Pellegrino and Lyon (1979) note
that parameters estimated
be confounded that is,
latencies or difficulties

from a componential analysis may
contain embedded ,,,ithinthem

assignable to more than one
component prooess. In componential analysis, each
parameter is estimated on the basis of the manipulation of
a single independent variable. Therefore, the possibility
exists that more than one psychological process could be
affected by the manipulation of a single variable, such
that the latencies or difficulties of two or more processes
may be estimated as a sinqle parameter. More generally,
the manipulation of a si .e independent variable may
equally affeot multiple psycholo~ical processes. sternberg
(1980) acknowledges the applicability of this criticism to
componential analysis, however, he points out that it also
applies equally to all psychological experim~ntation that
ever has .or ,,,illbe done. It is never known for sure that

112



the psychological process (or state) ass;m.edto be affected
by a variable manipulation is the only process (or state)
affected by that manipulation. In fact it is never known
for certain whether a given manipulation affects the
intended psychological process (or state) rather than some
other one (s).

Given that no methodology is immune from this criticism,
the most that can be expected from a methodology is that
it: Minimises confoundings of psychological processes (or
states), and maximises tr.~ probability that such
confoundings will be discovered if they indeed exist.
sternberg (1980) argues that 'componential analysis
approaches (although it does not reach) both of these
goals.

!-tethodsof componential task decomposition, in particular
the method of precueing, permit separation of components
t~at would be confounded in standard information processing
paradigms. Although the methodology goes beyond certain
standard paradigms in preventing confoundings, it is not
immune from such confoundings hence the nec.essityfor
disoovering them when they exist. It is stated by
Sternberg (1980) that external validation of the sort used
in componential·analysis often facilitates the discovery of
such con foundLnqa when trlay exist, and, that in fact,
Pellegrino and Lyon (1979) rely upon the results of
exterr.al validations pre:3ented in his (sternbergIs) 191'1

research, to infer that confoundings exist.

Confoundings
correlations

are indicated by either: Patterns of

patterns of
between parameters and
correlations whereby a

uorrela~ed with ~wo

external criteria, or
single parameter is

significantly
abilities that

or more reference
are themselves uncorrelated. It is

important that a method be sensitive to confoundings, in
part because the discovery of confoundings often serves the
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heuristic function of suggesting future directions for
research.

In summary, sternberg (1980) maintains that componential
analysis is less susoeptible to confoundings than most
other information processing paradigms, and it is better
able than they are to discover and ultimately to correot
suoh donfoundings when they do exist.

Evaluation of Model Fits: Pellegrino and Lyon (197~)
argue that, taken by itself, percentage of variance
aooounted for is an inadequate criterion for assessing
model fits. They suggest that componential analysis relies
very heavily on this criterion for assessing fit of
componential models. They also point out, however, that
this is not the sole criterion for assessing model fits in
oomponential analysis. sternberg (1980) believes that
pellegrino and Lyon overstate the importance of this
criterion
that the

in componential
tests to whioh

analysis. In fact, he claims
models have been subjected in

componential analyses of human abilities are more stringent
anJ more diverse than the tests that have been applied in
many other kinds of ab~lities research.

:Reliability
Pellegrino and

of
Lyon

single-subject
(1979) question

parameter. values:
the reliability of

individual parameter estimates in componential analysis.
Indeed, the reliabilities of the various parameters vary
greatly, and these reliabilities ought to be taken into
account in interpreting the estimates for individuals. In
fact, Sternberg (1979) cautions against the use of
individual parameter estimates from componential analysis
to make real-life decisions about individuals.
Nevertheless, the reliabilities of some param~t~rs appear
to be high enough to yield rather striking and replicable
oorrelat.i.ons with external
analogies tasks conducted

criteria. For example, in the
by st~rnberg (1977)I comparison
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parameters were found to have lower correlations with
measures of higher-order reasoning than did the response
cons-cant; parameter. This result has now }:leenreplicated
with geometric analogies (Mulhollar.d, Pellegrino, and
Glaser; 1980)I as \vp.ll as with several tasks other than
analo.,;:ies
points out

(e.g.,
that

Egan, 1976). Thus,
although reliabilities

sternberg (1980)
may not be high

enough
they do

for practical individual prediotion and diagnosis,
seem to be high enough to yield stable patterns of

individual differences, as shown by the consistent patterns
of correlations obtained across eXperiments and even across
experimenters.

Having presented a comprehensive overview of the cognitive
components approaoh to investigating mental abilities, for
present research purposes attention shall not be fooused on
sternberg's (1977) componential theory of analogical
reasoning.

STERNBERG'S COMPONENTIAL THEORY OF ANALOGICAL REASONING

Sternberg (1977) undertook an empirical investigation of
the performance components involved in analogy solution,
employing the oognitive components approaoh described in
the preceding seotion of this chapter. This research
oulminated in the formulation of a componential theory of
analogical reasoning.

The remainder of
discussion and
componential theory.

this chapter shall comprise an in-depth
evaluation of Sternberg's (1977)

sternberg (1977) lists five oriteria, whioh he believes a
theory of analogical reasoning shoUld satisfy:.

"completeness. A complete theory is one that aocounts
for all processes involved in analogical reasoning,
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from beginning to end. A complete theo~y explains
analogioal reasoning from the time the analogy is first
perceived to the time a response is emitted.

Specificity. A specific theory describes in detail
the workings of each process involved in solving
analogies. A theory can be complete but not specific
if it accounts for all processes, but does not describe
the workings of the processes in detail. A theory Can
also be specific, but not complete if it describes in
deta.Ll a subset of the processes used to solve
analogies.

Generality. A
across a wide
general theory

theory
range of
would be

is general if it is applicable
analogy problems. A fully
applicable to all analogy

problems, regardl(~ss
presentation. It is
general theory is

of the content or mode of
not obvious a priori that a fully
possible; indeed most previous

theories are not very general.

Parsimony.
account for
small number
Parsimony :i.'s

A theory is parsimonious if it can
analogical reasoning with a relatively
of parameters and working assumptions.
difficult to evaluate, in part, because

theories that appear parsimonious on their ~urface have
hidden assumptions, while other theories that appear
less parsimonious can be taken more easily at face
value. As might be expected, there is often a trade
off between parsimony on the one hand and completeness
and specificity on the other. A difficult problem
facing theorists is to strike a reasonable balance
between them.

Plausibility. A theory is l:llausibleif it is able to
account. for experimental (or other) data that provide a
test of the theory. Plausibility also provides
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intuitive judgements about the reasonableness of the
theory. If one theory seems less reasonable on its
face than another theory, sceptics may require more
compelling evidence to convince them of the former
theory than to convinoe them of the latter" (sternberg,
1977, pp.100-101).

NATURE OF ANALOGY

An analogy is a hierarchy of relations taking the form A is
to B as C is to D (A!D!:C:D). An analogy exists when there
is a higher-order relation of equivalence or
near-equivalenoe between two lower-order relations. In the
terminology used by Sternberg (1977), an analogy exists
when there is a ~llleY, that maps a domain rule, X, into a
range rule, z.

The domain refers to the A and B terms of the analogy. It
is in the domain of the analogy that the first lower-order
relation X is disoovered. The range refers to the C and D'
terms of the analogy. It is to the range of the analogy
that the X relationship is mapped through the formation of
an isomorphic relation Z. The essence of analogy,
according to Sternberg (1977), is in the higher-order
relation, Y, t~at maps the domain into the range of the
analogy. This higher-order mapping relation is absent in
many other theor .es of analogical reasoning, I.e. r

differential theories (e.g., Spearman, 1927; Thurstone,
1938; Cattell, 1971) and information processing theories
(e.g., Johnson, 1962; Shalom and Schlesinger, 1972:
Rumelhart and Abrahamson, 1973),

THE COMPONENTIAL THEORY

overview

The componential theory of analogical reasoning proposed by

117



sternberg
components 1

optional.
Attribute
control.
additivity.

(1977)
five

contains
of them

six information processing
mandatory and one of them

are of three general types:The components

Table 3.6,
components are shown
t.rue-t"alse analogy.

identification, attribute comparison, and
The combination rule for the components is one of

The structure of the theory is summarised in
and the functions of the five mandatory

schematically in Figure 3.3 for a

compoili).ents

the
component,

translation
upon which

The internal

There' is
encoding.

one attribute-At~ribute Identification.
identification This component
involves of the stimulus into an internal

fUrther mental operations can berepre.sentation
per!'or::ned.
~lOrking m-smozy
att~ibute-valu.e

and
list.

is
representation
assumed to

is stored in

Encoding involves
consist of an

the comprehension
analogy terms.~h~ storage in memory, of each of the four

Att~ibute Comparison. According to the theory there are
three mandatory attribute-comparison components and one
optional one:

IIInference
discover'ed

is the prooess by
that relates the

which a rule, X is
A term of the analogy to

the B term. Inference thus occurs in the doma.Ln of the
analogy, and the outcome is stored in working memory.

Mapping is the process by whioh a higher-order rule, 'I.,

is discovered that maps the domain of the analogy into
the range. Mapping requires discovery of a rule that
relates A (the first term of the domain) to C (the
first term of the range). The rule is stored in
working memory.
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COMPONENT
PROCESS

LATENC'(
PARAMATER

DESCRIPTION

I Components
Rea50ning

of Analogical

A. ATTRIBUTE IDENTIFICATION
Encoding Iden1:ifY attributes and values

for each i;erm of the problem.

B. ATTRIBUTE COMPARISON
Inference Discover rule r-eLa+Lon A to B.

Domain.

Mapping Discover rule relating A to C.
Domain to range.
Genera 1:e rule to form 0 I and
evaluate D. Range
Optional. :Tes1;
ope r a+Lons as
Domain. Range.

Application

Justification validity of
performed.

C. CONTROL
Pr epar-a+Lon Prepare for analogy so Lu+Lon ,

Monitor solu1:ion process.
Transla1:e scLutLon into
response .

Response

. II Combination Rule

Addi1:ive Solution 1;ime = Encoding
1:ime + inference time +
mapping time + no application
1:ime • (justification time)
+ pr-epar-a+Lcn-r-e spcnae I:ime.
801l.";ion difficul1:y = Encoding
difficulty + Lnf'er ence
difficulty + mapping
difficul1:y + application
clifficuHy + (Justification
difficulty) + preparation-
response difficu11:y.

tABLE 3.6 COMPONENTIAL THEORY OF ANALOGICAL REASONING

(S I:eroberg I 1977. p , 135)

"
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Application is the process by which a rule, z, is
generated that forms D' (an image of the correct
answer) and evaluates D. Application thus occurs in
the range of the analogy, and the outcome is stored in
working memory.

JUstification,
which one

an optional component, is the process by
of several answe.r options that are

non-identical to D' is jllstifiedas closest to Df, The
process is required only in forced-choice analogies in
which none of the presented answers conforms to the
visualised answer D"' (sternberg, 1977, p.136).

control. The
This component

theory
includes

includes one
the process

control component.
by which subjects

prepare for solving the analogy, monitor the solution
and translate the solution into a reaponse. The

preparation-response, incorporates those
operations that were not considered worthy of separate

but were thought to be suitably represented in

process,
component,

compC?nents,
combination.

Combination Rule

It is hypothesised by Sternberg (1977) that response time
is equal to the sum of the amounts of time spent on each
component operation Hence, a simple linear model predicts
response time as the sum across the different component
operations of the number of times each component operation
is ~erformed (as an independ~nt variable) multiplied by the
dur-at.Lon of that component operation (as an estimated
parameter) . Corresponding to each component operation,
then, is a pararueterrepresenting its duration.

It is further
(item

hypothesised
difficulty)' is

that proportion of ref);pOnse
equal to the (appropriatelyerrors

scaled) sum cif the difficulties encountered in executing
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each component operation.
proportion of errors as

A simple linear model predicts
the sum across the different

component operat.icms of the number of times each component
operation is performed (as an independent variable)
multiplied by the difficulty of that component operation
(as an estimated parameter). This additive combination
rule is based on the assumption that each subject has a
limit on proce.ssing capacity (or space, Osherson, 1974).
Each execution of an opera'ci.onuseS up oapacity. Sternberg
(1977) maintains that until the limit is exoeeded,
performance is flawless except for oonstant sources of
error (such as motor confusion, carelessness, momentary
distraction), but goes on to emphasise that once the limit
is exceeded, performance is at a chance level.

In response-time models (with solution latency as a
dependent variab1e) I all component operations must
contribute signi.ficantly to solution latency r since by
definition each execution of an operation consumes some
amount of time. However, in response-error models (with
error rate as a dependent variable), all component
operations naed not contribute significantly to proportion
of errors because, according to Sternberg (1977), some
operations may be so easy that regardless of how many times
they are executed their contribution to prediction of
errors will only be trivial.

COMPe' 'ffiNTIAL MODELS OF ANALOGICAL REASO.UNG

FUlli,: Basic Models

overview

Sternberg (1977) proposes four alternative models of
analogical reasoning processes, which sha~~ the same
information processing components and combinat~on rule, but
differ in the way the components are orgpnised into a
strategy for solving analogy problem.s.
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.:

Encoding
Washing1;on. «President. (first)), (Portrait on currency (Dollar))

(War Hero (Revolutionary))

1. «Counting number (one)), (Ordinal Position (first)),
(Amount (one Unit))).

Lincoln «President- (Sixteenth)), (Portrait on Currency (Five
Dollars) ), (War Her-e (Civil)).

10. «Counting number (ten), (Ordinal position (tenth)),
(Amount. (ten Unit.s)).

5. (Counting number (fi ve) ) , (Ordinal posi tion (fifth) ) ,
(Amount. (five Units))).

Inference
Washington ...1. «President (Ordinal posi tion (first.))) ,

(Portrait on currency (Amount (Dollar))), (0)))

Mapping
Washingt.on ~ Lincoln «President (First, Sixteent.h)), (Port.raits

on currency (Dollar, Five Dollars»), (War heroes
(Revolutionary, Civil))).

Application

Lincoln~lO, «,0), (0'), (0))

Lincoln-45. «0), (Portrait. on Currency (Amount (:ive
Dollars))), (0))

'l'ABLE 3.7 ATTRIBUTE- VALUELIST FOR ANALOGYlXAMPLE

WASHINGTON: 1:: LINCOLN: (a. 10, b. 5)
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FIGURE 3.4 SCHEMAT~C FLOW CHART FOR MODEL 1
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Although the
attribute-value
Ste.rnberg (1977)

models are discussed
list representation
points out that they

in terms of an
for information,

oould be mapped into
other representations as well. He uses an example analogy,
Washington 1 .. Lincoln: (a.10,b.5), to illustrate the
models. The results of ope~ations upon this analogy are
:;pummarisedin Table 3,,7 apd are described by Sternberg
(1977) as follows:

Model I. A schematic flow chart for Model I is presented
in Figure 3.4. Names of operations appear inside the boxes
of the flow chart.

The subject begins analogy solution by encoding the first
analogy term, Washington, and then the second analogy term,
1. In the example, the subject stores in ,'lorkingmemory
the facts that Washington was the first President, a

on a Dollar bill, and a revolutionary war hero.portrait
For the
represent

numeral 1, possible relevant faots are that it can
the first counting number, the first ordinal

position, or a unitary amount.

Next, the subje,ctinfers the relation between the first two
analogy terms. In the example, two of the three attributes
encoded for Washington oan be used to relate that analogy
term to the second term, 1.. The inferred relation states
that Washington w,,-sthe first president and is the portrait
on a Dollar bill. No relation to 1 could be found for the
third att~ibute-value pair identi~ying Washington as a
revolutionary war hero, and so that attribute-value pair is
assigned a null value, 0, in the inference relation.

The sUbject then
thus facilitating
first and third

encodes the third analogy term, Lincoln,
the mapping of the relation bet~leenthe

terms. In the example, the subjeot
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recognises that both Washington and Lincoln (a) were
presidents, (b) are portraits on currency, and (c) were war
heroes.

The final required encodings are of the answer options, 10
and 5,

to apply
analogous
c' !istruct

Once these terms are encoded, the subject attempts
from Lincoln to each answer option a relation
to the one previously inferred. An attempt to
an analogous relation from Lincoln to 10 results

in a null
Lincoln was
portrait on

relation, because no analogy can be round:
neither the tenth president nor is he the

a 10-Dollar bill. An analogous relation can be
condtructed from Lincoln to 5, however, because Lincoln's

( portrait appears on a 5-Dollar bill.

The analogy
subject tQ

is now solved. All that remains is for the
communicate the solution. The subject responds

with option b, compLe'ti.ruj the analogy problem.

It is important to note that in Modell, inference,
mapping, and application (the attribute-comparison
operations) are exhaustive processes. All attributes are
compared to each type of operation. Hmvever I sternberg
(1977) emphasises that this characteristic fails to hold
true for the SUbpequent models to be described.

Model II. The schematic flow chart for Model 11, shown
in Figure 3.5, is identical to that for Modell through the
encoding of D (including D1 and D2).

At this point, sternberg (1977) claims that an "attribute
counter" is set equal to zero and then incremented by one.
only one attribute is applied. This attribute, that
Lincoln was the sixteenth president fails to distinguish
between answer options. As a result, the subject returns
to the attribute counter, and again increments it by on~.
The subject now applies the second attrib\.rt:.e.In doing so I
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·FIGURE 3.5 SCHEMATIC FLOW CHART FOR MODEL II

(Sternberg, 1977, p. 140)
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Encode-D

FIGURE 3.6 SCHEMATIC FlOW CHART FOR MODEL III
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he/she recognises that 5 refers to the amount of the Lill
on which Lincoln appears. Since the second option leads to
2n nnalogous rule, the sUbject responds h.

It is worth noting that in I>!odelII, inference and mapping
are exhaustive, but application is self-terminatin~.
Whereas, in Model I, all attributes were applied, in Model
II, only as many at'tributesare applied as are needed to
reach a unique solution,
the third attribute-value
civil war hero, because
unique solution.

i.e., the subject never reaches
pair identifying Lincoln as a

the second attribute permittecta

Model III.
in Figure 3.6
encoding of tJ:.

Thn scnemat.Lo flow chart for Model III, shown
~o that for Model II through the

1. '1: .

At this point, Sh \ ~
enters the attribute-~e8t. ~
only application.
recognising that

HI."

Washing ..

out that the subject
'InModel II includes
maps one attribute,
.ncoln were both

presidents, the first and sixteenth ,cespectively. Since i
1 (the subject is travelling through the loop for the

first time), the subject encodes D. However it is
purported that' the subject will not ra-encode 0 should
subsequent iteration through the loop be necessary, since,
in subsequent iterations, i = 1. Next the subject applies
the first attribute, that Lincoln was the sixt~enth
president. This application fails to yield a unique
solution, so the subject returns to the beginning of the
loop. As in Model II, the second trip through the loop
does yieJd a unique answer.

It is important
exhaustive, but
self-terminating.
three attributes

to note that in Nodel III, inference is
mapping and application are

Whereas Model II required mappi.ngof all
to solve the analogy. Model III requires

mapping of only twn a'ttributes.
"
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Model XV.
d.n Figure
encoding of

The schematic flow chart for Model IV, shown
3.7, is the Same as that for Model III through
the second analogy term.

At this point, the subj~ct sets i = 0, and then enters the
attribute-testing loop. Onoe again, the loop is arranged
so that the analogy terms are enOOded only on the first
trip through the loop. The subject infers, maps, and then
applies an attribute, trying to seleot a unique answer. If
the subject cannot, he/she returns to the begi. .ing of the
Loop , and infers, maps" and applies another attribute,
continuing the iterative process until the analogy is
solved.

In Model IV it is significant to note that inference,
mapping, and application are all self-terminating. Whereas
Model III required inference of all three attributes to
solve the analogy, Model IV requires only two inferences.

TWO BASIC STRATEGIES IN APPLICATION

sternberg (1977) maintains that in applying the analgous
rule from C '\::0 D, two basic stl:ategiesmay be follo,ved,the
essential aspects of whi.ch are presented sohematically in
Figure 3.8.

sequential Option Scanning. The firr • of these
strategies inVolves sequential soanning of the presented
answer options. The subjeob applieo attribu'tesonto one
option before applying any attributes onto another option.
The assumption is made that as a safeguard against
premature decisions, the SUbject checks all options.

considering the example in Table 3.7, it is apparent that
the subject initiates applioation by applying the first
attrib\.\te-valuepair for Linooln, (President (Sixteenth»,
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onto 10. When this fails to yield a match, as do
subsequent applications on1::O 10, the subject applies each
of the attribute-value pairs onto 5, finding a match for
(portrait on currenoy (Five Dollars».

111ternating option Scanning. The second strategy
involves alternating scanning of present:ed answer o}?tions.
Here the subject applies an attribute onto each option
before applying any further attributes. Again, the subject
is assumed to check all options.

Foousing again on the example in Table 3.7, it is apparent
that the subjeu~ initiates a2plication by applying
(president (sixteenth») first onto 10, then onto 5. When

.' this fails to yield a match, the sUbject applies (portrait
on currency (Five Dollars)), onto 10, and then 5, only then
obtaining a match. It is of importance to note that
whereas sequential option scanning required Rpplication of
all attributes onto the first answer option, alternating
option scanning required application of only two attributes
onto this answ.n· option.

SCOPE OF THE MODELS

llnalogy Forma·t. The models are applicable to analogies
presented
Application

in either forced-ch?ice or true-false format.
for forced-choice analogies proceeds as

described in the previous section, and may be extended to
analogies
analogies,
proceeds

with more tItan two answs r options. In toelle-false
Sternberg (1977) points out that the SUbject

through the analogy and tries to determine whether
a relation can be constructed from c to D that is analogous
to the relation from A to B.

If such a relation can be construoted, the analogy is true;
otherwise, it is false. T~e distinction between sequential
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(Sternberg, 1977, p. 144)
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and alternating option scanning becolllesirrelevant, because
there is only one answe~ option.

Analogy Content. Sternberg (1977) maintains that just as
the models are applicable to verbal analogies of the type
presented in Table 3.7, they are also applicable to
geometric, animal name, and Miller analogies, using the
same encoding schetnn.

Analogy Processes. While the models proposed by
sterliberg (1977) specify in some detail alternative ways in
which attribute information can be oombined to arrive at a
solution for analogy problems, they·do not specify what the
possible
nor do
in the

attributes are for different types of analogies,
they specify how subjeots discover these attributes
first· place. A complete theory of analogical

reasoning would have to specify this further information,
something that Sternberg (1977) has failed to do.

EVALV\TION OF STERNBERG'S COMPONENTIAl:, THEORY

sternberg (1977) provides a short evaluation of the
proposed oomponential theory in terms of the criteria he
believes a theory of analogiual reasoning should satisfy:

Completeness. It is believed that to a large extent
the theory satisfies this criterion: The analogical
reasoning process is described by detailed models frotn
beginning to end. Each tnodel falling under the theory
can be represented fully in flow chart form, ~lith all
neoessary processes explicitly stated and shown in
their relations to each other.

Specificity. The
in describing the
attribute-oomparison

theory is viewed as quite specific
details of the three tnandatory
operat,ion.s, but less specifio in
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describing the details of the encoding process. ~he
theory descl:'ibesnumerous minute monitoring opel;'atiol1S,
although "the internal meohanisms, behind 'preparation'
and 'response' remain a mystery" (sternberg, 1977,
p.146) .

Generality. The theory is regarded as very general,
being applicable to a wide variety of analogy types:
People piece analogies, verbal analogies, geometric
a~alogies, and animal name analogies.

parsimony. ~he theory is seen as achieving a
considerable degree of parsimony by speoifying all
operations, but assigning separate information
processing components only to psyohologically
significant operations. ~he theory thus manages to
maintain completeness while at the same time retaining
parsimony. ~he major aspects of analogical reason~ng
are accounted for in five mandatory and one optional
component.

Plausibility. The results of a series of
experiments, devoted to tests of the theory and models,
conducted by sternberg (197~) I revealed that the theory
accounted for the data very Well, thereby satisfying
the criterion of plausibility.

In conclusion, sternberg states, a it tentatively, that
"On balance, the componential theory does quite \>le].lby 'the
five criteria" (1977/ p.147).

FURTHER COMMEN~S ON S~ERNBERG'S TREORY O~ ANALOGY

similar to
componential

their wide-ranging anr perceptual analysis of
analysis, Pelle~rino and Lyon (1979) provided

evaluation of sternberg's (1977) oomponential theory ofan
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analogical reasoning. 1\.swas the case with their critique
of componential analysis sternberg (1980) has responded to
their comments.

DifficUlty of Items. Pellegrino and Lyon (1979) note
that the analogies studied in the experiments reported by
Sternberg (1977) ,.,ererather easy and suggest that the
simple linear models that fit the response time data for
simple analogies might not work for more complex problems,
suoh as diffioult verbal analogies (sUch as those oontained
in the Miller Analogies ~est). Sternberg (1980) makes
several points in response to this observation:

Firstly, he
to believe

emphasises that while it would be unrealistic
that the simple linear models used to predict

response time simulate illprecise detail the more complex,
possibly non-linear strategies sUbjeots actually used in
prOblem solving situations, they nevertheless provide
reasonable approximations.

Secondly, it is noted that although the linear models for
response time are rather simple, they have proved quite
successful in predicting response times in tasks that are
really quite complex, such as categorical and conditional
syllogisms (Guy·ote and sternberg, 197B). Thus, difficuli:y
in itself does not preolude the use of a linear model for
pradioting response times.

Thirdly, Sternberg (1980) stipUlates that componential
analysis is not predicted solely upon the use of lil'lear
models. Non-linear models have been used to predict
response choices in syllogisms tasks (Guyote and Sternberg,
1978) and in analogies, classifications and series
completion tasks (Sternberg and Gardener, 1979). In
componential analysis and presumably other forms of
analysis as well, a form of a mOdel is selected that is
appropriate for the behaviour being mOdelled.
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Finally, sternberg (1980) acknowledges, as pellegrino and
Lyon oLa.i.m , that oomponential analysis may not:work well
for certain kinds of diffioult verbal analogies. However,
he attributes this lesser success not to the proposed
theory of analogical reasoning, but instead suggests that
it might refleot a peculiarity in the nature of complex
verbal analogies (e.g., the Miller Analogies Test).
Speoifically, oomplex verbal analogies are as muoh or more
a measure of vocabulary as they are of reaSOJ ing
(sternberg, 1974, 1977). Although these items have .ae
IIsurface structure II of analogy items, sternberg (1980)
believes that they have the tldeepstructure" of \"....llary
items, in the sense that many subjects never, 'C.I the
meani.nqs of words. The major source of individual
differences therefore appears to be in vocabulary rather
than reasoning. Thus it is unOlear whether a theory of
analogical reasoning is particUlarly relevant to the
solution of complex verbal analogies since the major
difficulty they present is not one of reasoning.

Taking cognisance of sternberg's (1980) res to
Pellegrino and Lyon's (1979) comment regarding the e of
item difficulty, it is a contention 0f this research that
in any kind
mUlti-phasic,
favour ot the

of cognitive
'overlapping
appeal to

process the
events cannot
simplic;ity of

probCl.bility of
be ignored in
a neat ~inear

sequential model.
to formulate (a)

Rather, what is required, is an attempt
more appropriate non-linear modalis for

purposes of investiga·ting subject performance on analogy
problems.

components as Black Boxes. Pellegrino and Lyon (1979)
argue that some and possibly all of the components have the
oharaoter of black. boxes: They name pi-ccasaeswithout
speoifioally desoribing What mental operations oocur when
these processes are executed. It is suggested by these
authors that one future direction oomponential analysis
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ought to take is toward identifying what is done in each of
the components of analogical (or other) forf(lsof
reasoning. sternbel'g(1980) is in full agreeme.ntwith this
analysis, and believes that to accomplish this goal, the
following vlouldbe necessary: A first stage of researoh in
which the components of information processing are
identified, followed by one or more subsequent stages in
which the nature of these components is f~rther explicated.

Chapter summary

This chapter commenced \vitha discussion and evaluation of
the two traditional approaches employed to investigate the
nature of cognitive ahilities, i.e., 'thedifferential and
information processing approaches, went on to examine two

to cognitive abilities, i. e. r thecontemporary approaches
cognitive correlates and
and cu Lm.i.na't.ed ,'lith a

cognitive c,omponentsapproaches,
discussion and evaluation of

sternberg's (1977) componential theory of analogical
reasoning, which has as its foundatiol1 the cognitive
components approach.

By employing the research technique of componential
analysis used by Sternberg (1977), the present study shall
attempt to inVestigate the extent to which SUbject's
performance on forced choice
varying (~mplexity can offer

geometric analogy items of
insights into the strategic

influence,-, of mental workload variation on cognit.ivetask
performance. The rationale and proceo~re for the present
researCh is presented in Chapter 4.
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PART 2

THE PRESENT STUDY



CHAPTER 4

RATIONALE AND PROCEDURE

Conceptual and·Methodological Issues

It will be recalled from the section The Concept of Mental
Workload in Chapter 2 that for measurement of mental
workload, analytical
and robust model of

success is dependant upon an accurate
task demands. It was noted further

that models of this nature are to be found in the inductive
". re.asoning paradigm (e.g., Evans, 1968i sternberg, 1977;

Mulholland, Pellegrino and Glaser, 1980). Inductive
reasoning ability has been prominent in theo~ies of human
intelligence, playing a central role in its assessment. A
variety of tasks have been used to assess this ability
(e.g., classification problems, series completion pr~blems,
analogy problems and matrix problems). Of these tasks,
Pellegrino and Glasel-(1980) regard the analogy problem as
the most pervasive.

Despite the long history of inclusion of analogy problems
on tests of aptitude and intelligence, a combined
theoretical and empirical analysis of the component
cognitive processes involved in analogical problem solving
has only recently become an active research area (e.g.,
sternberg, 1977, 1978; Pellegrino and Ingram, 1977;
Sternberg and Rifkin, 1979; Pellegxino and Glaser, 1979,
1982; sternberg and Nigro, 1980; Mulholland et al., 1980).
sternberg's (1977) pioneering attempt to specify the
components of performance in this problem type, in
particular his investigation of the performance components
involved in the solution of forced choice geometrio
analogies, constitutes tilebasis for the empirical and
'theoretioal issues explored in the present research.
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The rationale here being that, of the various sources of
age and ability differences in performance on inductive
reasoning tasks (see the section cognitive Abilities and
psychometrics in Chapter 3, for a description of these
sources of difference) the most interesting differences
appear to be those associated .lith :ontent knowledge
(Pellegrino and Glaser, 1982; Holzman, Pellegrino and
Glaser, 1983). In attempting to solve verbal and numerical
analogy problems, the critical relational inference
processes depend on the knowledge of the meanings of words
and their relationships or the various quantitative
relations that can exist between pairs of nUmbers.
Pellegrino (1987) argUes that developmental and individUal

Therefore,

in performance on verbal and numerical analogy
partially attributable to differences in the
and/or accessibility of such knowl~dge.
is contended here that by concentrating on

differences
problems are
availability

it
sternberg's (1977)
applies to forced
will be possible

Theory of Analogical Reasoning as it
choice geometric analogy solution, it

to eliminate suer extraneous influences
from experimental task solution.

sternberg's
applicable to
is to B as

(1977) theory specifies several processes
all analogical reasoning tasks of the form A

c· is to D. The component processes include:
encoding; inference; mapping; lpplication; justification,
and response (see the section The componential Theory in
Chapter 3 for a de+ai.Leddiscussion of these prooesses). A
major assumption of Sternberg's theory is that of
additivity aoross performanoe components. Sternberg (1977)
maintains that the terms of a geometric analogy are encoded
as element lists. comparisons between the A and B terms
yield a list of transformations that occur from A to B. An
element comparison
transformations onto

of the A and C terms maps the A to B
the C term such that the ideal 0 term

can be generated. The D options are then evaluated as to
whether they represent the appropriate transformation
modifications of "C.
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sternberg (1977) tested several componential models, ea?h
representing different aSGumptions about serial versus
parallel processing and eXhaustive versus self-terminating
processing in the element encoding and comparison
components (see the section componential Models of
Analogical Reasoning in Chapter 3 for a discussion of
these models). The model which accounted for the grea'test
portion of variance across different types of analogy items
was one in which en~oding and inference of the
transformations from A to B were serial and exhaustive,
whereas mapping and application of the elements with
respect
Figure

to C and D were serial and self-terminating (see
3.6 in the section componential Models of

Analogical Reasoning in Chapter 3 for an illustration of
this model) .

sternberg's (1977) research into analogy task solution
focused predomi~antly on comparison processes and less on
the particular content of the different analogies used.
Mulholland et al. (1980) argue that in sternberg's (1977)
Geometric Analogy
encoding process
descripticns were
different analogy
has commented'

Experiment, the nature of the element
was insufficiently detailed and no

provided of the elements encoded in
types. In this regard, Sternberg (1977)
that arlti0al issues relating to

representation (i.e., encoding and discovery) of the
elements comprising the separate terms of anal.oqyitems are
left unexplored in his research.

This would appear troublesome since a 9reat deal of the
time associated with geometric analogy solution seems to
involve the encoding process (Mulholland e;ta1., 1980) I and
it seems particularly important to gain a more
comprehensive understanding of this and 'other related
processes. Taking cognisance of this shortcoming, the
present stu.dy shall undertake to investigate forced choice
g~ometric analogy solution as a fUnction of systematic
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variations
items.

in the information structure of individual

sternberg's (1977) theory advocates that in general, th0
overall performance on the analogy task is a function of
the amount of information that must be processed to solve
any given item. In the case of geometric analogy items the
amount of informati ').1 to be processed is considered to be a
function of the number of individual elements that comprise
the separate analogy terms and both the number and nature
of the transformations applied to each element (Pellegrino
and Glaser, 1980; Mulholland et al., 1980).

It is a contention of this study that inoreasing the amount
of information to be processed during geometric analogy
task solut.ion will produce a corresponding increase in the
load nn working memory, which may require the allocation of
sut ~al processing resources to operations designed to
maintain high levels of performance. Since the demands
imposed by the geometric analogy tas~' compete for the\
resources of a limited capacity information processing
system (Wickens et al., 1986) it could well be that control
and/or memory management processes are necessary to
supplement the actual processing operations associated with
element and transformation processing.

It would therefore not appear unrealistic to assume that
performance on
analogy items

highly complex forced choice geometric
may necessitate a certain amount of

time-sharing (McCormick and Sanders, 1984). ShOUld the
findings of the present research serve to confirm this
assumption, this would have wide ranging implications for
future componential analysis research in particular and
cognitive task research in general, since'the notion of
time-sharing is a rejection of a rigid sequential, additive
strategy to task sOlution, such as that advocated by the
simple linear componential mOdels proposed by sternberg
(1977) •
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The principal
oomprise the
analogy items
dimensions of
construct the
transformations
terms. It
faoilitate the

dr.signcomponents of the present study shall
construotion of forced choice geometric

that systematically vary on the two major
item oontent, i.e., the elements used to

individual terms, and the spatial
that define the rules relating the pairs of

is intended that such manipulation will
verifica....Lon of whether additivity of

element and transformation processing is maintained for
overall solution latency, under conditions of varying
complexity, as ass"'ltedin Sbarnberg's (1977) experimental
work. It is proposed tha~ .:."'uldviolations of additivity
be detected, depending on ;1:' lr f:leverityand form, thesE"

• would suggest the possibility that forced choice geometric
analogy task solution may follow a more integrated strategy
involving interactive element and transformation processing
at high levelS of item complexity.

The present
extent to

research shall endeavour to investigate the
whi~h findings from an apparently stable

cognitive phenomenon, i.e., forced choice geometric analogy
task solution, performed under conditions of varying
complexity, can offer insights into the strategic
implications of mental workload variations on cognitive
task performance,.

':.'heMeasurement of Mental Workload Associated with Forced
Choice Geometric Analogy Task Performance

Performance on a complex cognitive task may require an
individual to monitor several sources of information, and
to act on them in p decision making role. The rate of
information presentation may be very low, in which case
pzobLems may arise concerning the individual's need to
maintain interest and alertness. The problems with ~ ,ich
the present study are concerned, however, are those arising
as a result of an individUal performing a~ the

·14'.)
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upper margins of his/her ability, i.e., under conditions of
high mental workload.

It will be recalled from the section The Concept of Mental
Workload in Chapter 2 that despite ~he widespread
agreement about the importance of measuring mental
workload, there is as yet no consensus on how to do this,
and furthermore, no universally accepted definition of the
concept. Researchers from different backgrounds would
prr')ably have different priorities and purposes and hence
would adopt methods of assessment best suited to their
objectives. Barber (1988) emphasises that there is no
primacy of one set of methods over another, t~~ugh it
remains important to establish Which set of methods is best
sl'itedfor which purpose.

Given the sheer speed of solu<:ion of geometric analogy
items few seconds at most (sternberg, 1977», together
witl1 the primary objective of ''iepresent study, i.e., the
investigation analogy items 0), varying complexity, of the
mental workload estimation teChniques dis-vlUssedia the
section Mental I"--kload Estimation TechnJ,,'lesin Chaptel:
2, the teohnique best suited to present purposes would
appear to be the Primary Task measurement techniqUe. The
ren\aining measurement techniques discussed, i.e. I Seoondary
Task Measures, Physiological Measures and subjective
Opinion Measures, are more suited to the estimation of
workload on those tasks that are performed in the order of
minutes.

Primary Task measurement techniques asSUme that underlyin~
changes in workload imposed by the task will be reflected
by measured changes in primary L:l.skperformance (Leplat
1978) (for present purposes the primary task Lndex of
response time will be used to ~ssess variations in task
performanoe) . Task performanoe variation is quantified by
comparison of actual primary task perfqrmance to pre-
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assigned task performance to pre-assigned task objectives.
Typioally, task performance is broken down into a number of
task dimensions for which it is possible to obtain
quantitative performance data in terms of deviations from
baseline performance levels. This facilitates the
selective analysis of primary task dimensions. In this
study, the precueing method proposed by S·ternberg(1977)
(described in detail in the section Intensive Task
Analysis in Chapter 3), and employed in his Geometric
Analogy Experiment, will be used for the purpose of primary
task decomposition.

For present purposes, decomposition will be facilitated by
means of eliminating from subjects' information processing
successive terms of the analogy. This is achieved by
dichotomising presentation trials for each analogy item.
In the first part, the subject is presented with some
amount of precueing to facilitate analogy solution. In the
second part, that of primary interest, the full analogy is
presented. Here, solution is assumed to require merely a
subset of the full set of performance components considered
necessary for task solution. The general strategy being to
provide subjects with an amount of prior information
(precueing) in the first part of the trial, in order to
reduce the amount of processing required in the second part
of the trial. A more detailed description of the precueing
method to be employe.d for present research purposes is
presented in the section Procedure lnter in this chapter.

As was the case in Sternberg's (1977) Geometric Analogy
three types of forced choice geometric analogy

in the present study: Degenerate,
Semidegene' ~e, and Nondegenerate analogies. Degenerate

those in which the number of element
transformations from both A to B and A ·toC is zero. These

Experiment,
will be

analog.les are

are
of the form A:A::A:A. semidegenerate
those in whioh the number of element

analogies
analogies

are
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transformations either from A to B, or from A to C (but not
both) is zero. These analogies are of the form A:A::B:B or
A:B: :A:B. In general, the fourth term of a Semidegene.rate
analogy should match either the second or the third term.
Nondegenerate
transformations
analogies are
Nondegenerate a.nalogy will not match any of the other
terms. At this junctura it is important to point out that
since both variations of the Semidegenerate analogy will be
employed in this study, reference will be made to the
IIfour" forced choice geometric analogy types for the
remainder of this thesis.

analogies are those in which element
take place from A to B and A to C. These

of the form A:B: :C:D. The fQurth term of a

Two precueing conditions will be used to establish baseline
performance levels on items from each of the abovementioned
analogy types. Firstly, a zero cue condition (no precueing
information provided) will be used to establish baseline
performance levels. Here the Whole forced choice geometric
analogy item will be presented, irlcludingthe two answer
options. The subject will solve it and indicate his/her
response. The recorded solution time will represent the
baseline performance level. Secondly, a two cue condition
will be used to investigate devintions from baseline
performance 18vels. Here the trial will be dichotomised
(as discussed earlier in thh section). In the f:lrstpart
of the trial the first two terms of the analogy will be
presented. Once the subject indicates that these terms
nave heen processed, the cue t.Lme will be recorded, and the
whole analogy (including the two answer options) will be
presented, this constitutes the s~cond part of the trial.
The subject will solve the analogy and indicate his/her
response, the solution time will be recorded (see the
section Types of Interval Sc~res in chapter 3 .for a
discussion of cue times (scores) and solution times
(scores». The difference between the zero cue condition
solution time and the two cue cpndition solution time
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recorded for a particular item will represent the deviation
from the baseline performance level.

According to the Primary Task hypothesis, :mentalworkload
increases will produce a corresponding deteriQraticn in
ta.sk performance. However, Barber (1988) consi.rtvr-ssuch an
assumption to be overly simplistic, since it :mayoccur that
as a task becomeS mor-ecomplex and imposes greater demands
(in terms of number and complexity of operations to be
carried out;
unaltered,
either the
information
in solution

per unit of time), performance :mayremain
and sugge.ststhat this ma: occur as a result of

individual performing within his/her own
processing
strategy

limitations; or because of a change
to accommodate increased demands.

This issue receives attention in the section Subjective
Influences on cogu.Ltive Task Performance next in this
chapter.

Subjective Influences on Cognitive Task Performance

It was highlighted in the section operator orientated
Factors
relating
precise
bebleen
different

in Chapter 2 that a common source of difficulty in
processing capacity to task demand is that the

ways in which tasks are performed differ widely
indivi~uals and within anyone individual on

occasions. There are usually different
strategies
some being

available for achieving adequate performance,
more efficient than others. It waS argued that

skill, in terms of cognitive task performance, would appear
to lie in the selection and application of the most
efficient out of range of available information processing
strategies.

In addit:i.on, it
Orientated Factors
on the part of

was argued in the section operator
in Chapter 2 that increased experience

an individual w.)uld appear to enhanCe
his/her leVel of profioiency on a speoific task or group of
'tasks, and thereby reduoe the mental effort expended in

147 ..



order to meet task demands. It was stated further, that
the same actual demand would impose different levels of
operational workload dependent on the cognitive
capabilities of the individual.

It will be recalled from Chapter 2 that Bainbridge (1978)
was of the opinion t~ .c an increase in the demands imposed
by a cognitive task should influence strategy choice. It
was also noted th~t should an individual be unable to adopt
a different worki,'Jgmethod (strategy variation) in order to
overcome increased task demands, he/she would experience
increas;ed mental workload, which would result i:-.a
deterioration in task performance: If increased task
demand can be dealt with only by a modification in
processing strategy then, it would appear realistic to
assume that strategic flexibility would serve to enhance an
individual1s reaction to those demands.

"Indeed, such
conducted are

strategic changes in how a task is
likely to be of particular interest in

the context of mental »io: "·:loadestimation" (Barber,
1988, p.l03).

However, because changes of this nature are unlikely to be
evidenced by sdrnp.l e Primary Task measures such as response
time and error rate, due to their low overall sensitivity
(Gartner and Murphy, 1976), for purposes of investigating
strategy variation it would be necessary to have recourse
to more subtle indices of task performance.

The speed of solution of forced choice geometric analogy
automatic allocation of cognitive

speed, ~lith little or no time to
items suggests the
resources at high
deliberate on
control of
unconscious.

an optimum solution strategy. The choice and
a strategy can be either oonscious or
Given the overt nature of Primary Task

Techniques, they would fail to ind~C1ate a oonscious

148



awareness on the part of subjects, of the strategies
adopted for the solution of the different item types to be
used in this study, i.e., Degenerate, semidegenerate and
Nondegenerate forced choice geometric analogies. It is a
contention of the present research that, given the relative
simplicity of the experimental items, subjective reflecti.~
will provide a suitable means of establishing the existence
of a conscious differentiation between solution strategies
for different item types. Therefore, in light of the
shortcomings associated with the use of Primary Task
workload assessment techniques (highlighted in the section
Pri1n.ary Task Measures in Chapter :l), and given the
argument tha' no single measurement technique should be
used in isolation,
techniqUe, i.e., a

for present purposes, a
Subjective Strategy Report

debriefing
will be

incorporated into the present experimental design.

The Research Design of sternberg's
and its Relevance

(1977) Geometric
to the PresentAnalogy

Research
Experiment

Th("~ research procedure adopted- in sternberg's (1977)

Geometric Analogy Experiment (in particular, the method of
subject selection and number of sUbject5 selected) does not
facilitate the' investigation of item complexity influences
on the processes of solution strategy selection and
administration.

In the Sternberg (1977) experiment subjects were selected
from a population of 441 students studying psychology I at
Stanford University.
complete two tests.

All of the stUdents were required to
The first test was a word Grouping

Test. The second test viasthe Card Rotation Test (Test
S-1) from the French Test of Reference Tests·for cognitive
Factors (French, Ekstrom and Price, 1963).

Only .the Word Grouping Test was used in subject selection
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" since selection was desired on reasoning but not
spatial visualisationlt (sternberg, 1977, p.256). Subjects
were then selected from two groups, i.e., those scoring
between the 5th and 25th percentiles and those scoring
between the 75th ~~ 95t~ percentiles on the Word Grouping
Test. Twelve sul'j~cts fsix male and six female) were
selected from eaoh of th~ abovementioned groups. In total
twenty-fcmr sUbjects participated in Sternberg's (1977)
Geometric Analogy Experiment.

Given the highly specific nature of the subject selection
process used by sternberg (1977), it is contended that such
a ~election procedure would be too-restrictive for present
2urposes and furthermore, it suggests a strong a priori
expectation on Sternberg's part. The s')lutionstrategies
of two highly specific groups of subjects would in no way
provide an accurate indication of the range of solution
strategies available for forced choice geometric analogy
solution. Establishing the existence of meaningful
strategic variations within, as we]:l as between subject
performance on forced choice geometric analogy items would
require a more general subject sample, f~~m a more general
subject population. Moreover, it is argued that a sample
of ti\Tenty-fonrsubjects would be insufficient to facilitate
the application. of.a suitable data reduction technique for
the purpose of differentiating between alternate solution
strategies.

Of particular
sternberg (1977)

significance, is that at no time did
attempt to establish whether any of the

sUbjects participating in the Geometric Analogy Experiment
had previously participated in any form of experimentation
involving the solution of analogy problems. As a result,
it would not have been possible to establish whether past
experience had a moderating effect on task performance as
measured in the experiment, or whethel.the results yield
were merely attributable to variations in item complexity
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(the effects of experience
discussed

and inexperience
in detail in the

on task
sectionperformance were

Operator orientated
purposes it would

Factors in Chapter 2).
be necessary to select

For present
a sample of

I
I
I

i

sUbjacts vIl the basis that previous exposure to analogical
reasoning tasks has been minimal, unatrructmr-ed and
certainly hot subjected to psychometric soreening.
Consequently, their reasoning abilities will be subject to
random variability. It can therefore be assumed that
subjective task performance will be representative of the
range of "easoning strategies avai~able for forced choi~e
geometric analogy solution, as well as highly responsiv~ to
workload infl~ences.

It was noted
earlier

in the section Conceptual and Methodological
in this chapter that providing subjects

information in 1..."1efirst part of item
Issues
with prior
presentation serve.:;to reduce the amount of processing

part of item presentation. It isrequired in the seoond.
proposed here that providing precueing information in the
first part of item presentation serVes to reduoe the degree
of task unoertainty, and therefore mental workload,
experienced by subjeots during task solution. Furthermore,
it is contended that the incorporation of the preoueing
procedure described in the seotion conceptual and
Methodological IssUes earlier in this ohapter into the
present experimental design, will facilitate the
manipulation of task uncertainty. In the present study the
highest degree of task uncertainty will ooour with the zero
oue precueing oondition, whereas the two cue precueing
condition will represent a state of greatly reduced task
uncertainty,

The present experimental design will resemble 'thatadopted
in the Sternberg (1977) Geometric Analogy Experiment only
in terms of the item seleotion, manipulation and
presentation procedures, as these have been shown by



sternberg (1977) to be both stable and reliable. This will
permit the comparison of the results obtained from this
study with those achieved by Sternberg (1977).

Assessment of Subjective Influences

Subjective Influences and Cluster Analysis

In terms of the central issues of the preselltresearch
involving the LnducbLve reasoning paradigm, inve.stigation
has mainly followed the "classical" approaches to research
design and analysis (e.g., Fisher, 1942; Sheffe, 1959;
Kerlinger, 1973; Pedhazur, 19&2),· which hinge upon the
assumptions
involve th~\
s .itistical
parametric
dependent

of within and between group variance and
conceptual manipulation and examination of

(e.g., analysis of variance,
correlation and regression techniques etc.) in

measures as the result of some

variance

variable
controlled use of e'merimental independent variable (s). In
most instances the analysis technique employed would be
some variation or other of factorial analysis of variance.
However, given the reservations expressed in Chapter 3
concerning the use of factor analysis in cognitive
psychology, it follows that some reservations must be
e~~ended to t~e value and appropriateness of statistical
techniques used in data analysis in many of the key
inductive reasoning experiments (e.g., sternberg, 1977,
1978i Pellegrino and Ingram, 1977; Sternberg and Rifkin,
;1.979 i Pelleg·,.ina and Glaser I 1979, 1982 i Sternberg and
Nigro, 1980i Mulholland, pellegrino and Glaser, 1980).

In particular, the use of
repeated measures designs

small numbers of subjects in
involving large numbers of

independent variables may result in a violation of the
principle of providing sufficient scores within each cell
of the experimencal design to facilitate an appropriate
amount of var~ation in dependent measures to support the
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intended analysis. This is evidenced by Sternberg's (1977)
statement, while commenting on the 'outcome of his Geometric
Analogy Experiment, that:-

"The reliabilities ~'leredisappointing ... apparently
180 observations per subject were too fe"\'lto obtain
reliable parameter estimates for individual subjects"
(Sternberg, 1977; p.276)

Furthermore,
analysis of

whereas techniques involving the multivariate
variance are highly appropriate methods of

assessing variance across pre; ',uslr decided and designed
experimental conditions, they QJ not necef ,arily facilitate
the more qualitative assessment of partitioning such data
sets into groups of individuals w'~hout a priori
classification. This apparent shortcoming is compounded by
th~ fact that a small aubject sample would make L:.
extremel}' dif~icult to search for groupings, clusterings or
other patterns that might emerge in the experimental data
set. However, with a more sizeable data sRt this obstacle
could
insight

well
into

be overcome, thereby providing additional
relationships between task, score and

individual difflrences, while at the same time avoiding the
trap of grouping individuals solely on the basis of a
priori assumptions.

To pursue
exploratory
demand the

this rather speculative notion fu.rther,a truly
approaoh to this classification problem would
relega·t.ionof classical mUltivariate analysis

procedures in favour of a more flexible.and interpretive
clust~r analytical technique.

In contrast to mUltivariate analysis procedures, in concept
at least, clustering methods are used to discover groupings
amongst subjects' performance on cognitive tasks without
embracing tIDsatisfactorya priori assumptions.
and Blashfield (1984) haver suggested

Aldenderfer
that most
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applications of cluster analysi: can be placed into one of
four categories, vis: the development of typologies for
classification; investigation of useful oonceptual schemes
for grouping objects; hypothesis generation through data
exploratio:1i and hypothesis testing. Thus, there would
appear to be sufficient precedent in the use of cluster
analysis
context.
consider
techniques
weaknesses associated with their use.

to justify its use in the
At this juncture it would

certain general points about
in order to assess both

present research
be appropriate to
cluster analysis

the strengths and

In simple terms, a cluster analysis seeks to group objects
on the basis of a set of variables, or attrJbutes of the
object. Variables may be any ~lpe of nominal, ordinal,
interval Clr ratio measurement, and a complete row of
variables is called an object's profile (Lorr, 1983). The
outcomes of such analyses are referred to as groups, types,
classes of clusters.

Although the strategy of cluster analysis is essenti.llly
cluster seeking, in practice the operation of a clustering
algorithm is structure imposing. In this way clustering
techniques seek to identify groups of objGcts which are
similar to one, another, without an a priori assumption of
their ex i st.erice, The pre-classificatory nature of the
ciustering transformation processes would appear most
advantageous in the context of the p!:'esentresearch
considerations, given that typically neither the number or
nature or such groupings are known prior to the analJ'sis.

Ironically, this apparent advantage is also a major
cluster methods will yield clusters

the structure of the data, even if the
random (Sneath vnd Sokal, 1973). Of

weakness, since
irrespective of
distributions are
major concern, is to establish why a given set of

and furthermore, to differentiateclustel'ings emerge
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between those groups which are meaningful and those which
may have merely been imposed by the clustering method.

Essentially, clustering methods are relatively simple
s~atistical procedures, intended to act mainly as data
reduc'l:ionheuristics and should thus not be vie1iledas a
validation of any particular methodological approach but
rather as a formal statement of relationships within a data
set.

Of particular importance is to select from the range of
clustering algorithms available, one that is most
appropriate for the theoretical context of the research

<' questions; an inappropriate technique "Till yield
inappropriate clllsterings (Aldenderfer and Blashfield,
1984). Since the choice of clustering algorithm is of
prime concern in the context of the present research,
discussion thereof will be resumed later in this section,
as well as in the section The Cluster Analysis Procedures
in Chapter 5 (Data Analysis and Results) when considering
some different techniques in cluster analysis.

Given 'then that a clustering technique is essentially a
simple data reduction heuristic for arranging obj00ts into
clusters on
appropriate

so~e basis of observed similarity, it would be
to consider the related issues of concept of

similarity
differer.t

measurement and
variables within

the concept of transforming
a profile that may potentially

embrace each form Qf data (numinal, ordinal, intErval and
ratio) so that similarity might be established.

since the object profiles to which cluster analysis will be
applied in the present research will comprise only ratio
data, the issue of transforming variables, requires no
elaboration. Further discussion of the implications of
choosing variables for the object profile will be delayed
until the sections,'overview Qf Data Analysis and The
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Cluster Analysis Procedures in Chapter 5 (Data Analysis
and Results) .

By contrast, the essential choice of similarity measure has
proven to be a major conceptual problem inherent in cluster
analysis. The concept of similarity is fundamental to the
formatton 0f clusters, with differing measures of
similarity demanding differing transformation and
comparison techniques. The quarrci,tative estimation of
similarity has been dominated by the concept of metrics,
involving the representation of objects as points in
co-ordinate space SUC~l that similarities and
dissimilarities observed between these points correspond to
distance representations betweer. them (Tversky, ~977).
Eased upon an assessment of their inherent mathematical
properties, Sneath and Sokal (1973) identified four
principal measures of similarity, vis: correlation
coefficients, distance measures, association measures and
probabilistic similarity measures. However, to date, only
correlation coefficients and distance metrics have been
widely used in the social sciences (Aldenderfer and
Blashfield, ~984). Since both association coefficients and
probabilistic
binary data
(Sneath and

similarity coefficients are confined to
by virtue of th~~r mathematical properties
Sokal, 1973; Clifford and Stephenson, 1975),

and given the properties of the data set planned to emerge
from the methodological framework articulated in the
following sections of this chapter, neither association
coefficients, probabilistic similarity coefficients or
correlation coefficients require elaboration. Rather, a
brief discussion of distance measures and their potential
limitations is appropriate at this point.

Aldenderfer and Blashfield (1984) propose that,
teohnically, distance measures are dissimilarity measures
in that objects are judged identical if each one is
described by variables \vith the same magnitude, i.e., if
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the distance between them is zero. The nature of distance
measures is such that .ordinarilythey have n.oupper bounds
aru are
valuable

scale dependent, resulting in their bec.omingmore
as the variable reflects interval and rati.odata

scores.

,.

Amongst the potential limitations of distance measures are
the problems posed for cluster interpretation. critically,
estimation of similarity between objects is significantly
affected by elevation ,_he mean score of the object over
all the variables). consequently, variables ~.,ithboth
large size differ.'encesand large standard deviations can
effeotively swamp other variables' with smaller absolute
sizes and standard deviations. Moreover, distance measures
are also affected by transformation of the scale of
measurement of variables in a profile (Everitt, 1980) and
this may require standardisation of all variables -Counit
variance and means of zero before 'the calculation of
distance. However, since the object profile to which
cluster analysis will be applied in this study will
comprise only ratio data, this particular limitation would
be irrelevant in the context of the present research.

Given the wide range of similarity measures, each with
advantages disadvantages, it would be unwise toand.
undertake a cluster analysis without careful consideration
of the measurement implications inherent in the chosen
technique (Aldenderfer and Blashfield, 1984).

Accordingly discussion of the choice of cluster technique
appropriate to the present research need will be delayed
until after an explanation of the present research method
and procedure, and will therefore be returned to in the
sections overview of Data Analysis and The Cluster
Analysis
Results) .

in Chapter 5 (Data Analysis andProcedures
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Having thus far considered some conceptual aspects of
clustering, of similarity measures and of the selection of
profile variables, it is appropriate at this juncture to
return to those issues raised earlier in this section
concerning
problems

the range of clustering techniques and the
of cluster validation. Aldenderfer and Blashfield

(1984) identify and discuss seven major families of
clustering method, vis; hierarchical aglomerative, factor
anal.yt.Lc, iterative partitioning, density search, clumping
and graph theoret'.c. Each family represents shared
assumptions and objectives in clustering concept,
matihemat.Loa L assumptions and opez-atri.on , However, by
definition, these shared features do not necessarily extend
to relationships betw'een families. Consequently, results
yielded by each type of method can vary greatly, even when
applied to the same data set. This would suggest that the
choice of cluster method should reflect a decision integral
to the research need. Aldenderfer and Blashfield (1984)
reinforce the importance of this choice by their inslstence
that:-

" the
compatible

choice of ... clustering method must be
with the desired nature of the

classification, the variables to be used and the
similarity measure used to estimate the resemblance
between {objects}!! (Aldenderfer and Blashfield,
1984 i p.35)

As is the case with similarity measures, each different
clustering method presents its own advantages and
disadvantages. However, it is beyond the scope of this
study to enter into a review of these features. Rather it
will suffice to aoknowl.edqethat choice of technique should
reflect the context and aspirations of the research and
accordingly, discussion of the choice of clustering method
appropriate to t.h.epresent research objectives will be
delayed until after an explanation Qf the present research
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method and procedure, and will therefore be returned to L.

the section The Cluster Analysis Procedures in Chapter 5
(Data Analysis and Results).

The second issue reserved for consideration 'vasthat of
validating emergent cluster solutions. As noted earlier in
this sectioD, cluster analysis techniques hinge around the
application of cluster imposing alg.orithms and are
therefore moxe a formal statement of relati011shipsrather
than an indication of IImeaningful"groupings. Aldenderfer
and Blashfield (1984) argue that most solutions to the
problem of knowing how many clusters are revealed by an
analysis are very subjective in appearance and are
pal;"ticularly dependent upon both the research context and
the type of clustering method used. However, since the
issue of deciding the number of clusters is contingent upon
the clustering method used, discussion thereof will be
reserved until the method and procedure of the present
research has been examined in the remainder this
chapter. Accordingly this issue will be returned to in the
bection The Cluster Analysis Procedures in Chapter 5
(Data Analysis and Results).

J1'ivetechniques of validCtting cl'Jsteranalysis solutions
emerge from the Iiterature (vis: tlLecophonetic correlation
(Sakal and Rohlf, 1963), significance tests on the
variables used to create clusters, replication, additional
tests outside of the clustering technique carried out on
the independent variables, and Monte Carlo (random number
sUbstitution procedures)r aaoh with its associated
advantages and disadvantages and, given a particular
research context each may either be applicable or
c()mpletely inappropriate. Once again, since the choice of
appropriate validation technique is influenced by the
choice of clustering method, an in depth review of
validatiol1 principles is t1nnecessary here. Rather, this
issue will receive further consideration in the section
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The Cluster Analysis
Analysis and Results) '.

Procedures in Chapter 5 (Data

The present section has presented a brief overview of the
concept of cluster analysis as an exploJ:.'atorymethod for
forming groupings in multivariate data sets. In concept
then cluster analysis would appear to offer a refreshing
alternative in the investigation of cognitive inter and
intraindividual differences, in that the techniques are
preclassificatory and thus avoid the constraints associated
with the classical multivariate analysis procedures
reviewed in Part 1. Despite the practical and mathematical
uncertainties of cluster analys:i.sIt is contended that its
use in the investigation of mentaJ workload influences on
cognitive ta,,~kperformance could prove most insightful. An
expLanatri.onof thEO.aims, methodology and procedure of the
present research will take place in the remaining sections
of this chapt.er ,

Subjective Strategy Report

The subjective: strategy report will attempt to elicit from
subjects a brqakdown of the strategies ~sed to solve the
different iterr.types presented in the experiment, i.e.,
Degenerate, Sem.idegenerate and Nondegenerate forced choice
geometric analogies. The objective being to investigate
whether a particular solution strategy can be generalised,
or whether systematic differences exist within, as well as
between subject performance. The subjective strategy
repor\..is intended to yield a partitioning of solution
strategies.

For
the

each geometric
outcome of the

analogy type, the association between
subjective strategy report and the

outcome of the cluster analysis procedure will be
investigated as this will serve to establish whether the
SUbjective reports are in fact indicative of meaningful
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strategic variations, i.e., whether they serve as an
indicator of response time cluster membership.

Task Complexity Ranking

The task complexity ranl<ingprocedure will require subjects
to rank the "foUr" geometric analogy types used in the
study, i.e., Degenerate, semidegenerate (both A:A::B:B and
A:B::A:B variations) and Nondegenerate,in terms of their
perceived corple',ity. This procedure will be conducted
both before and after the presentation of the total item
complement. The aim here is twofold: Firstly, to
investigate ,~hether strategic' va:r:iatians in task
performance can be related to differences in the subjects'
impressions of still'ulus complexity and secondly, to
determine whether performance on foroed choice geometric
analogy items has an effect on the subjeots' perceptions of
item complexity.

Aims of the Present Research

S·ternberg's (1977) pioneering attempt at specifying the
information processing oomponents
analogy solution constitutes the
and theoretioal issues explored
However, it must be emphasised
present study intended to
Sternberg'~ (1977) research.
twofold. Firstly, to investigate
models Sternberg (1977) describes

involved in geometriq
basis for the empirical

in the peesent study.
that by no means is the

diE",putethe findings of
Rather, its aims are

whether the componential
as best defining task

performance on Nondegenerate forced choioe geometric
analogies are in faot as generalisable as he purports them
to be or, alternatively, whether systematic individual
differences exist within, as well as betw·een subjeot
performance. More specifically, Whether meaningful
strategic variations are apparent, and if sO whether such
variations could be attributed to the level of mental .
workload experienoed by SUbjeots as a result of their
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exposure to the
secondly, based
propose models
Degenerate and

demands
on the
that

of the experimental tasks.
outcome of the present

And,
study,

best define task performance on
choice geometricSemidegenerate forced

analogies, in terms of performance oomponents adopted and
order of oomponent exeoution only.

Hypothesis

Inoreasing the oomplexity of foroed choice geometrio
analogies, while simultaneously manipulating the degree of
tas]c uncertainty, will elioit me'an.i.nqf'ul, strategic
variations on the part of subjeots in order to overcome
ass~ciated increases in mental workload and maintain a high
standard of task performance.

Subjects

Sixty subjects were testedi thirty one males and twenty
nine females. Subjects were all volunteers and ~.,ereall
drawn at random from the population of undergraduates,
postgraduates and staff of the university of the
WitWatersrand and friends and acquaintances of the
researcher. Most critically, from questioning during
recruitmF'nt, it was firmly established that no subjeot was
familiar with cognitive research methods in general or the
cognitive components approach to c...nalogicalreasoning in
particular (see section Procedure later in this chapter).

Handedness of subjects
section Procedure later

was assessed and recorded (see the
in this chapter) , but was not

No SUbject wasu'1ed as a factor
as being
as being

in the sampling strategy.
recorded
recorded

ambidextrous. Three subjects (5%) were
dominantly left handed .(onemale; two

females) . The emaining fifty seven subjeots were recorded
as being dominantly rig.ht handed (thirty malesj twenty
seven females).
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Age of sUbjects was recorded to age at nearest (next-last)
birthday,. Mean age for the sample was 22.96 years (males
24.19; females 21.65), standard deviation 3.32 years (males
3.84; females 2.0), range 16.0 years (males 14.0; females
8.0) .

All subjects Were thus of adult age and were assumed
therefore to have acquired the normal adult reasoning
capability of formal operations (Inhelder and Piaget, 1954:
Flavell, 1963) though this assumption was not the subject
of any independent assessment. No suhjeot repe'ted having
been diagnosed as suffering from any form of cognitive
impairment (see the section Prooedure later in this
chapter) . Far all subjects vision was confirmed as either
normal or corrected to normal (see the section Procedure
later in this chapter).

Design and Apparatus

The experimental stimuli were sixty-six forced choice
geometric analogies. Anologies were generated from six
types of common elements found in geometric analogy test
items:
square.
areas and

a line, triangle, circle. cross, rectangle and
Each element had regular and irregular forms and
lengths of sides were varied to facilitate item

construction. Elements wer£:.combined into configurations
of one, two and three to form the ·termsof the analogies.
A set of seven transformations representative of test item
transformations Here used: identity (no transformation),
increase in size, deorease in size, rotation to the right,
addition of an element, removal of one half of an element,
and invertion of an element. Either zero (in the case of
Pegenerate geometric analogies), one, two or three
transformations were applied to the elements oomprising the
terms of the analogies. In line with the hypotheses of
sternberg (1977) a9d Mulholland et al. (1980), increasin~
the number of elements and transformations w:.thinitems i as
assumed to increase item complexity.



Of the sixty-six experimental analogies, thirty (45%)
appeared in a Degenerate or semidegenerate form. Of these
analogies, six appeared in the form A:A::A:D1,D2i twelve
app=az-ad in the form A:A: :B:D1,D2i and another t,welve
appeared in the form A:B::A:D1,D2. For these analogies and
the thirty six Nond-sqeriez-atie analogies (wh.i.chappeared in
the form A:B::C:Dl,D2), the correct answer nption was D1
for half the items and 02 for the other half. Items were
presented in either a zero or two cue oondition.

Figure 4.1 displays items similar to those uead in the
experiment. As in the actual items, a single vertical line
separates the first three terms of the analogy from the two
answer options. In the case of the experimental items the
geometric figures were centered on the horizontal centre
line of each slide, and the vertical line was drawn the
full length of each slide so that it would not be viewed as
part of the item. The first item presented in Figure 4.1
is Degenerate, the second Semidegenerate (of the form
A:A: :B:D1,D2) the third Semidegenerate (of the form
A:B: :A:D1,D2), and the fourth Nondegenerate. It will be
noticed that the elements comprisil,gthe terms of the first
item have undergone zero transformations, whereas those
compr~s~ng certain terms (depending on analogy type) of the
second, third. and fourth items have undergone three
transformations.

The following Aparatus was used:-

A Kodak carousel Auto Focus Slide Projector Model 850H.
The slide projector was linked to a Lafayette Instruments
company Limited projection tachistoscope Model 41010. The
tachistoscope was 1inked to a Lafayette Il1str1lmentsCompany
Limited "Voice :Response Time control Set", which in tUrn
was linked to a throat microphone. The voice response time
control set was set on a sing'le cyole and linked to a
Lafayette Instruments company Limited millisecond
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Semi degenerate Forced Choice Geometric Analogy
(Format A:A::B:B) : 3 Elements - 3 T~ansformations
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Semi degenerate Forced Geometric Analogy
(Format A:B::A:B): 3 Elements - 3 Transformations

VDAY
(] D YA YA

·0 D
Nondegenerate Forced Choice Geometric Analogy
3 Elements - 3 TFansformations

FIG. 4.1. FORCED'CHOICE GEOMETRlC ANALOGIES SIMILAR
TO THOSE INCLUDED IN THE EXPERIMENTAL
TRIALS.
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clock/·time/counter comparator model 54530. The clock was
set to record in milliseconds.

Each of the sixty-six experi:mentalanalogies was drawn with
black ink on white paper. The ite:mswere photographed
separately, proc1.ncinga single 35mm, positive transparency
for each item presented in the zero cue condition and two
35:mm, positive
the two cue

tra11sparencies
condition (i.e.,

for each item presented in
one slide of the fir~t two

terms of the analogy, and one slide of the whole analogy).
In total then, ninety nine stimulus slides were prepared
for use as
projected
vertically.

projection stimulus material. The size of the
image measured 43cm horizontally and 27.5cm

For each stimulus item the vertical line
separating the first three terms from the two answer
options was located 5.5cm to the right of the vertical
centre line.

Procedure

In order to
small number
subjects and

escape the problems of repetitive use of a
of highly trained, hypothesis sophist.icated
to facilitate the application of robust

exploration clustering techniques, a large sample (60) of
naive subjects ·were recruit,d and tested. Subjects were
approached individually and asked if they would care to
participate in some cognitive psychology research.

In order to avoLd the use of hypothesis sophisticated
subjects (see
cO.jnitive Task
participating

the section Subjective Influences on
Performance earlier in this chapter) each

individual was questioned as to the extent of
their awareness of inductive reasoning, cognitive
Components theory and mental workload issues. Anyone
showing eVel1 the slightest understanding was excluded from
fnrther stages of the research.
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The experiment was conducted in a quiet laboratory cubicle
set aside for that
individually, with
administer and conduot

purpose. Each subject was tested
only the researoher present to
the research activity.

Subjects were firstly put at ease through general
conversation,
be done.

in no way related to the specific research to
Those subjects who raised the issue, were

that the research was neither a competition or a
test. When subjects confirmed that they were
and physically comfortable the experimental

informed
personal
relaxed
procedure was initiated.

SUbjects were asked to state their age at the nearest
(next-last) birthday and this was recorded for confirmation
of adulthood only (see the section Subjects earlier in
this chapter). Gender was also recorded on the basis of
prima facie
sUbjects to

evidence. Handedness was assessed by asking
rate themselves as either dominantly left

handed, dominantly right handed, or ambidextrous. No
subject reported being ambidextrous.

Age, handedness and gender, though recorded, played no
further part in the experimental procedure, but were noted
with a view to any post hoc analysis need that might occur.

Subjects were then
had been clin~callY
disorder of spatial
known problem.

asked whether as far as they knew they
diagnosed as suffering any deficit or
ability. No SUbjects reported any

subjects \'Terethen asked whether their vision was normal or
corrected to normal, with contact lenses, spectacles, etc.
Such aids were allowed to be worn for the experimental
trials. All subjects conformed to a loose expectation of
normal vision.
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subjects were then introduced to analogy problems. It wa~
emphasised that the aim of the present research was to
investigate task performance on analogy problems such as
those fCclnd on psychometric tests. It was explained that
analogy problems were used to assess the primary mental
ability known as induction, which refers to the capacity to
generalise from specific experiences and to form new more
abstract concepts.

Using a
the basic
until it
nature of

simple Nondegenerate verbal analogy as an example,
format of analogy problems Was then explained,

was reported by subjects t.hatthey understood the
the task. subjects were 'then informed that what

they had just been shown was a verbal analogy, and that the
present study involved the soluti<3fiof geometric analogies
which in contrast to verbal analogies comprised geometric
shapes rather than words. The basic components comprising
a geometrio analogy were then explained using as an example
a simple forced choice Nondegeherate geometric analogy
similar to those used in the experimental trials. Here,
subjec'ts were told that allot the experimental analogies
would comprise a first, second and third term, and two
answer options, the first option being labelled A and the
second option B. It was pointed out that each of the terms
as well as the,two answer options would comprise a certain
number of geometric shapes, referred to as elements.

Subjects were informed that the number of elements
comprising each of the terms nlaldngup the experimental
analogies
term in

would vary, but that the number of elements per
a single analogy would remain constant. It was

then pointed out that the elements comprising the terms of
the experimental analogies could undergo transformations in
shape, size and orientation, but that the terms in which
elements would be transformed would depend on geometric
analogy type.

"



At this poini:
analogy used in
simple
type

examples
was then

the "four" types of forced choice geometric
the experiment 1tlereidentified, using

of each type. The basic format of each
explained in detail. Particular care Was

taken to ensure that subjects understood the basic fo;rmat
of each geometric analogy type, and could successfully
differentiate between the types,

Subjects were then told that experimental analogies would
be presented in one of two conditions. Simple forced
choice geometric analogies similar to the experimental
analogies were used to illustrate the two presentation
conditions. It was explained that "Ln 'thefirst Condition,
identified as the zero cue condition, the entire analogy
(i.e.! only one stimulus slide) would be presented. In the
second condition, identified as the two cue condition, it
was explained that two stimuli would be presented. The
first stimulus would comprise only the first and second
terms of the analogy, whereas the second stimulus would
comprise the first and second terms (as presented in the
first stimulus), as well as the remainder of the analogy.
Once again particular care was 'taken to ensure that
subjects could identify and differentiate between the tylO
conditions of item presentation.

being similar to

presented with one example of each of
geometric analogy types, each example

the experimental items. The Degenerate
three elements, whereas the

Nondegenerate examples each comprised
and three transformations. Having

Subjects were then
the forced choice

example comprised
Semidegenerate and
three elements
considered each of the examples, paying particular
attention to the component elements and the
tranSformations, sUbjects were asked to rank the four
analogies in order of complexity i a ranking of 1 was given
to the least complex and 4 for the most complex. This
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ranking was recorded. Subjects were not asked to explain
the basis of their ranking judgements.

The apparatus Was then explained; how the slide projector
and projection tachis·toscope were linked, how item
presentation Would be controlled, how the voice key and
timer were linked, etc. The throat microphone was then
fitted and gain/sensitivity controls adjusted.

The operation of
and subjects were

the throat m i.cr-ophor-a was then explained
warned against swallowing or making

noises during the duration of theunwanted vocal
experimental trials. Subjects readily understood and
accepted these explanations.

The experimental task was then explained. Subjects vlere
informed that once they had indicated their readiness to
begin the experiment the experimenter would initiate the
presentation of the analogies The subjects I task was to
solve the projected analogies as quickly as possible while
at the same time trying to maintain a high standard of
accuracy.

In '~e case of an analogy appearing in the zero cue
cc _tion, subjects were instructed to solve the analogy
a._. give the verbal response "A" if the first answer option
was considered correct, or alternatiVely the verbal
response "B" if the second answer option was considered
correct. In the case of an analogy being presented in the
two cue condition, SUbjects were instructed to respond as

upon presenta·tion of the i11itial stimulus
the first blO terms of the analogy, the task was
the two terms and establish the relationship

folloT.•q:
comprising
to examine
between them, vis: were they identical, or were they
differen·t,
this was

and if so to identify the transformations. Once
accomplished the subjeots were told to give the

verbal response "go". This would,immediately result in the
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second stimulus
the
the

task ere
appeari~g (comprising the whole analogy),

being to solve the analogy with the aid of
information gained fro.'11the previous ..:rtimulusrand give

the verbal response "A" or "B" depending on which answer
option was considered correct.

It shoUld be noticed that t:his f ozm of verbal response
produces minor but consistent c'lifferencesbetween "A" and
" • responses. Despite this measurement inaccuracy the
method is widely used in experimental psychology and has
distinct a~dvantages over button press (Mulholland et al,I
1980) and footpedal (sternberg, 1977) responses, which
through their dependence upon different .patial positioning
of the response keys/footpedal, often involve added
complexity in combining verbal modes of input~output and
the uncertain relationship between spatial and motor
representation (Le Doux, Wilson and Gazzaniga, 1977)
together with the problem of motor output differences
caused by hand/foot dominanoe. These are, of course,
entirely unwanted and in the present ccntext the eXClusion
of their
critical
key.

contaminating inflUence is considered more
than the known measurement inaccuracy of the voice

The subjects· task was the.. defined as to solve the
projected analogy and respond as fast as possible and as
accurate as possible. Each verbal response activa·tedthe
voice key and stopped the timer. The response time (in
milliseconds) was recorded by the experimenter. The slide
vias then replaced by the next in the series and the process
was repeated

Subjects were then given a small number of pilot trials on
analogies no·t used in the experimental triaJ:s,consisting
of iterns representing each of the "four" types of a.nalogy,
in both Zero and two cue conditions. For both pilot trials
and experimental trials, SUbjects were seated 90cm from a
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blank white wall on to which items were rear projected, at
the subjects' seated eye level. Response times for pilot
trials were not recorded. Following these pilot trials a
short break was allowed whilst the experimental apparatus
was checked. Experimental trials were confined to one
r. -'ssion of ninety nine stimultlsslides (sixty-six forced
ch~Lce geometric analogy items), which were re-randomised
for each subject. The elapsed time be-tweena subject IS

response to one item and the appcerv.nceof the next item
was approximately 5 seconds. A rest period was given
during the change of the 8o-item slide carousel.

After all experimental trials had been completed, subjects
were asked to repeat the ranking of complexity of the same
four examples presented prior to t~e experimental trials.
These rankings were recorded on the same basis as the
pre-experimental
section.

rankings described earlier in this

Finally, subjects ~lereasked .,hetherthey had devel.opedany
conscious strategy for handling the different types of
forced choice geometric analogies included in the
experimental trials. All subjects reported that they h~d.
Subjects were then presented with two examples of each of
the geometric analogy types included in the experimental
trials (as they would have appeared in the zero cue
condition) . The first Degenerate example comprised one
element throughout,
throughout. In

and the second example three p.lements
the case of the semidegenerate and

Nondegenerata examples, one example comprised one element
per term with one transformation, whereas the other example
comprised three elements per term with three
traJ1sformation. Each of the eight examples presen'tedhad
been included in the experimental trials.

It was explained to subjects that what was required of them
here.' was to give a step by step account of the solution
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strategy they had adopted for experimental trials similar
to each of the r:ightexamples, paying particular attention
to which of the terms had been compared and the order in
which this had taken place. Following this, C~1J.yfor the
Nondegenerate example comprising three elements and three
transformations, subjects were questioned as to whether the
ele~nents comprising the terms had been compared
individually, or as a whole. Then, for ea.chof the eight
examples subjects were asked to identify which of the
analogy terms they had compared with the two answer options
before responding. Again, only for the Nondegenerate
example comprising three elements and three
transformations, :;;ubjectswere required to identify whether

" elements comprising the term(s) had been compared
individually, or a:;;a whole with the elements compri:;;ing
the two answer option:;;.Finally, :;;ubject:;;were que:;;tioned
a:;;to whether the answer options had been considere4
simultaneously, or one at a time. Each of the reported
strategies was recorded and coded by the experimenter.
T~lis completed the experimental interaction. Subjact.swere
thanked for their participation in the experiment.

Total time for the complete experimental interaction varied
from subject to subject, taking between approximately 25
minutes and 45 minutes.

The Nature of the Data Yielded

Excluding the details of age, gender, ha.ndedne:;;sand
subjective strategy indicator code classifications, two
data sets emerge.

The first,
subjective

subsidiary, set relates to the :;;coresfor
complexity ranking of the experimental stimulUs

analogies on a pre and post experiment basis. 'fherewere
no missing values.
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The second, and major, set consisted exclusively of
response times, recorded in milliseconds, and encompassed
subjects I performances across conditions made up of the
variables of number of elements, number of transformations,
cue condition, and analogy type, to form a classical 3 x 3
x 2 x 4 mUltivariate matrix (Edwards, 1960). There were no
missing values.

Chapter Summary

This chapter had drawn together the major points to emerge
from the discussion in Part 1 of the concepts of inductive
reasoning, individual differences and mental workload.
Moreover, it has outlined a research procedure to
investigate more appropriately these relationships whilst
seeking to expose the influence of experimental demand
characteristics and subjective interpretation thereof upon
the data.

The intention
techniques
following

on
is to use a sequence of dcta analysis
the two data sets yielded to investigate the

issues: The effects of the role of sUbjective
stimulus complexity, the effects of the experimental task
variables on performance variation, and the extent to which
an appropriate' clUstering algorithm will lead to exposure
of individual processing groupings not eh~osed by other
forms of variance analysis.

Data reduction and analysis will be discussed in more
detail in Chapter 5 (Data Ana.1ysisand Results) .
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CHAPTER 5

DATA ANALYSIS AND RESULTS

overview to Data Analysis

The
main

research procedure outlined
data setsl together with

in Chapter 4 yielded two
the recorded details of

subjects'
indicator

agel
codes.

genderl handedness and subjective strategy
Applying a sequence of suitable data

analysis techniques to these combined data will facilitate
the investigation of a number of interrelated issues.
However I since "four" types of forced choice geometric
analogy were included in the experimental tr:i.alsI each
va:r:ying significantly in format and demand characteristicsI

for purposes of dat'i analysis eaoh analogy type will be
co.nsideredse. _y.

It was emphasised in the section Procedure in Chapter 4
that the main experimental task required each subject to
solve sixty-six forced choice geometric analogies
incorporating the independent variables of number of
elements per t~rml number of transformations between termsl
cue condition and analogy type. However I since for
purposes of data analysis performance on each analogy type
will be considered separately I the original data set
comprising subjects' response times will be subdivided into
four separate data setsl each comprising response times for
a particular analogy typel thus producing a separate
factorial design for each analogy type. In view of the
need to repeatedly address the same set of data to pursue
different issuesl it will be relevant to' discuss the
treatment of data sets in -theorder of the issues to be
considered.
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Th.e first issue to consider is the performance of the
experimental task per se. The
included i1 the experimental
independent variables of number

Degenerate analogies
trials incorporated the
of elements per term and

cue condition. The number of elements ranged from one to
three and the cue condition was restricted to either Zero
or two, thus yielding a 3 x 2 factorial design. Both
semidegenerate geometric analogy types incorporated the
independent variables of number of elements per term.
number of transformations between terms and cue condition.
Here the number of elements ranged from one to three, the
number of transform~tions was limit~d to one or three,
while the CUe condition was restricted to either Zero or
two. This produced a .3 x 2 x 2 factorial design for both
semidegenerate geometric analogy types. The Nondegenerate
geometric analogies included in ·the experimental trials
incorporated the independent variables of number of
elements per term, .iumbez' of transformations between t~rms
and cue condition. Here, both the number of elements and
number of transformations ranged from one to three, while
the cue condition was either zero or two. This produced a
3 x 3 x 2 factorial design.

The variables of number of elements per term and number of
transformations .between terms have been an integral part of
previous resel.'~h into the geometric analogy task (e.g.,
Sternbergc 19' 1978; Mulholland et al., 1980; Pellegrino
and Glaser, 1980), howevez , only Sternberg (1977) has
considered the variable of cue condition. The variable of
analogy type
forced choice
establishing
terms of the

has not previously been t· .1sidered. The
geometric analogy task typically involves

the relationship between the first and second
analogy, and then using that information to

complete tl;lE!
relationship

sequence by means of identifying an ar~logous
between the third term and one of the two

answer options.
standardly reported
be performed on these

Deductive analyses similar to those
in geometric analogy experiments will
data.
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However,
pertaining
with the

performing a separate analysis on the data set
to each of the "four" analogy types, together

large number of subjects tested (relative to
geometric analogy experiments) should facilitate

analysis of the exberrt;of strategy variation on an
previous
further
intraindividual basis in a way not previously invest~gated.

An explanation of the statistical analysis involved in
examining the issue of experimental task performance,
together with summary tables of consequent data, is set out
in the section The Main Experiment later in this chapter.

'Ills second issue to be addressed is that of stimulus
~' complexi ty. The effect of stimulus complexity on task

performance has
investigationQ of
1968; sternberg,

been widely discussed in previous
geometrio analogy solution (e.g., Evans,

1977; Mulholland et al., 1980), however,
ther _ is as ye·tno agreed upon measure of item complexity.
From the ~oints raised in the section Subjective
r.nfluences on Cognitive Task Performanoe in Chapter 4,
there is good reason to believe that simple measures, such
as number of elements, and number of transformations, will
not neoessarily determine item complexity.

Taking such problems into consideration, the present method
for asses&ing the p.ffect of stimulus complexity
concentrates on the level of sUbjeotive assessment. By

order assessments of stimulus
and after the presentation of the

it is intended to establish whether

taking SUbjective rank
complexity both before
full item complement
en..rposuze to, and performance on the experimental trials had
an effect on subjects' perceptions of stimulu.sc.:..Jmplexity.
These findings will be incorporated into the analysis of
the research steps to follow.

An explanation
examining the

of the statistical anaLyae., involved in
stimulu..oorqplexity issue, together with t.he
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summary tables of the consequent data, is set out in the
section stimulus Complexity and the Experimental Task
later on in this chapter.

The third issue to consider is the extent to which the
demand characteristics of each of the "four" geome'trio
analogy types influences the particular solution strategy
adopter1 by sUbjects. It is intended to establish for each
analogy type whether a particular.solution strategy can be
generalis~d, or whether systematic differences exist
within, as well as between subject performance.

An explanation of the statistical analysis involved in
examining the influence of task demand characteristics on
task solution strategy, together with the summary tables of
the consequent
strategy and
chapter.

data, is set out in 1:he'section Solution
the Experimental Task later on in this

The fourth and final issue to be considered is the extent
to which appropriete clustering techniques can provide
insight into the nature of the forced choice geometric
analogy processing differences emerging in the main
experimental task. To examine this issue more fully, an
appropriate clustering algorithm will be applied to the
reaction time data emerging from the experimental trials.
particular care will be taken to ensure that the selection
and application of the clustering technique, as well as the
interpretation and validation of any cluster solution are
consistent with the theoretical and methodological context
of the present research.

An explanation
analysis involved
together with the

and justification of the statistical
in examining the olus'tering Lssue,

emergent data, are presented in the
Analysis Procedures later in thissection

ohapter.,
The Cluster

17'3



Finally, it will be the chosen style of this thesis to
present the results of each data analysis in the form of
tables only. Graphs have been excluded specifically to
avoid the tendency to discuss results in terms of reaction
time slopes, number of transformations between terms,

as is typically the case in geometric
As discussed in the section Individual

Cluster Analysis in Chapter 4, it is the

intercepts, etc.,
analogy research.
Differences and
fundamental rationale of this present research that such
terms predispose interpretation of results and, moreover,
that the conoapt;a of variance and invariance alone provide
the proper context for discussion.

The Main Experiment

This section is concerned with the analysis of the four
separate data sets created by the subnivision of the major
data set emerging from the experimental procedure and the
effects of the independent variables in the design of the
experimental structure. It will be recalled from the
previous
the four
design.
sixty-six
each of

section Overview to Data Analysis that each of
data sets was the product of a separate factorial
Each subject was tp-sted under eaoh of the

experimental conditions (inoorporating items from
the· "four" analogy types) with order of

presentation
yielded is

being re-randomised for each subject. Data
in the form of decision reaction times to

determine which of
options successfully
analogy item.

two simultaneously presented answer
completes a forced choioe geometric

Tables 5.1a
deviations

5.1d show mean reaction tim~s and standard

geometric
in Tables
stimulus

for task performanoe on each of the "four"
analvqy types. Interpretation of the statistics
5.1a S.ld will be returned to in the section

Complexity and Task J?erformance in Chapter 6

(Disoussion).
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CONDITIONS, III2ANS AHD sTAHOJiRD DEViATiONS (in Milliseconds)-

CUE CONDITION HUMBER OF cLEMENTS MEAN RESPONSE TIME STANDARD DEYrA nONS
(SOLUTION TIKE)

1 InS.li2 575.31,

ZERO 2 1961.57 712.19

3 21,95.03 753.97

.
"

1 1302.53 500.85

TWO 2 1519.88 591.05

3 1175.35 607.17

TABLE s.i» COHor7IONS. MEAHS AHO STANDARD DF.VIATtOHS FOR TilE FACTORIAL ~POHSE TIME DATA

SET RELEVANT To OEGENERATE FOR CEO CHOICE GEOHETRIC ANALOGY ITEMS.
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-CONDITIONS, HEAHS AHD STANDARD DEvtAiroHS (in Milliseconds)

CUE HUMBER of HUlIBER OF lIEAH RESPONSe STAHDARD
CONDITION ELEMEHTS THAHSFORHAilOHS TIllE DEVIATIONS

(SOLUTION TIllE)

1 1 211.6.27 663.87

1 3 2111.55 931,.97

ZERO 2 1 2525.1.7 891.85

2 3 311.0.75 1367.50.
3 1 2855.87 909.lt6

3 3 3757./,0 W.3.40

! 1 1517.85 5S1.0e

1 3 1881.17 PI.5.02

TWO 2 , 1786.98 725 .O~

2 3 23/.8.90 1121.06

3 1 2030.30 853.1.1

3 3 2710.55 1250.92

TABLE s.u CONDITIONS, lIF-AHS AHD STAkDARD OEVIATIOIIS FOR TIlE nr.TORIAL RESPONSE mE DATA

SET RELEVANT TO S£HIOEGEHm,\TE (A:A: :U:S) FORCED cne ICE GEOMETRIC' ,ALOGY

ITEMS.

"
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COHDITlOHS, KEANS AHD STAlIDARD DEVIATIONS (in Milliseconds)

CUE IIUHBER OF NUMBER OF HEM RESPONSe STANDARD
CONOnIOH ELEMEHTS TRANSFORMATIONS TIME DEVUTIOHS

(SOLUTION TIKIt)

1 1 2797.22. 869.04
1 3 337/,.25 996.90

ZERO 2. 1 3110.57 898.85
2 3 421.4.95 1391.29
3 1 3773.1,3 1399.54
3 3 51,40.83 1585.67.

1 1 1955.82. 780.06
1 3 2!:80.23 994.82

TWO 2 1 2Vll.BO 780.70
2 3 3533.95 1061.70
3 1 2798.73 918.32
3 3 3928.90 1183.S8

TABLE s .ie COHorTlOH5, KEAHS AHD STANOARO DEVIATIONS FOR THE FACTORIAL RESPOHs(n": DATA

str RELEVAUT TO SEliIDEGEHERATE (A:9::A:8) FORGED CHorCE GEOHElRIC ANALOGY

!TEMS,

"
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CONDIiIONS, MEAnS ANO SlANDARD DEVIATIOHS (in Hilliseconds)
-

CUE HUMBER· OF NUMBER OF MEAN RESPONSE STANDARD
CONO!TlOIl ELEI\EHTS TRANSFORM TIONS TIME DEVIATIONS

(SOLUnOH TIME)

1 1 3412.1.6 1130.7!.

1 2 4392.92 1210.40

1 3 5216.08 1612.1B

2 1 1,030.37 1149.99

ZERO 2 2 5901.05 1478.17

2 3 7265.59 2105.Zl

3 1 5059.99 1697.32

3 2 7182.67 2219.20.
3 3 8407.23 2335.95

1 1 2241.23 97u.95

1 2 2780.52 1033.1.6

1 3 3665.84 1073.50

2 1 30/.0.B/, 909.5/,

WO 2 2 3566.18 1056.53

2 3 1,733.21, 1It62.36

3 1 3407.86 1197.63

3 2 1,369.35 11.69.57,
3 3 53/.8.80 1519.55

I
TilBLE S.ld CONDITIONS, KEANS AND STANDARD DEVIATIONS fOR TIlE fACTORIAL REsPOnSE TIME

DATA SET RELEVANT TO HOHDEGEHERATE FORCED CHOICE GEOMETRIC ANALOGYITEMS.
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since the reaction time data yielded in this experiment is
assumed to be ratio data of normal distribution, it will be
analysed by means of parametrioal statistical prooedures.

Each of the four data sets created by the SUbdivision of
the majo~ data set thus represents the results of a classio
factorial repeated meaSures design with each subject being
regarded as a block in a randomised block design (Edwards,
1960). It has been suggested that the randomised block
design is well suited for the analysis of treatment
effects, which are apt to be slight; as in reaction time
research (sternberg, 1966, 1969; Posner, 1978).

~ables 5.2a - S.2d show the summary tables for the repeated
measures analysis of variance procedures performed on each
of the subsets of reaction time data. The tables show the
source of variation, the sum of squares, the degrees of
freedom, the mean square, source of error, F statistic, and
corresponding probability level for each main effect and

comparison
variable
variable

between the means
main
for

effect represents a
each level of a given

each interaction effect.

(e.g., A) averaged over the levels of each other
(e.g., B, C, D). The interaction effect indicates

the extent to which the difference betwp.enthe means for
each level of one variable (e.g., A1 ~ A3) measured at one
level of an influencing variable (e.g., B1) will differ
from the difference b~tween the means for each level of the
same variable (e.g., Al - A3) at subsequent J.evelsof the
same variable (e.g., B2, B3, B4, etc.).

/>" non significant interaction suggests that the effects of
the first varicwle (e.g., A) are independent of other
influencing variables (e.g., B). A signifioant
interaction, however, would suggest that the effects of the
first variables (e.g., A) are not the same for the
differing levels of the inflUencing variables (e.g., B).

184

...



In Tables
p<=.Ol(**),

5.2a 5.2d significance levels of p<=.05(*),
and p<.OOOl(****) are indicated.p<=.OOl(***)

Interpretation of the statistics in these tables \Ifillbe
returned to in Chapter 6 (Disoussion).

Data assessment was performe1 by use of the general linear
model (GLM) repeated measures procedure of the SAS
statistical comp1.ttationpackage (SAS Institute, 1985).
This procedure makes available the option to conduct single
de.gree of freedom contrasts for factors parameterised in
the REPEATED statement. The CONTRAST option generates
contrasts between levels of a factor and a referent level,
whilst
between

a further option,
adjacent levels of

PROFILE, generates contrasts
the factor, thus facilitating

post hoc examination of between level differences (SAS
Institute, 1985).

Tables 5.3a 5.3d show the results of fundamental single
degree of freedom contrasts for key relationships within
the factorial designs of the four response time data sets.
The tables show the sourc~ of variation, sum of squares,
degrees of freedom, the mean square, F statistic and
corresponding probability level for each contrast.

In Tables 5.3a' 5.3d significance Lev.." s of p-c=, 05(*),
p<=.Ol(**), p<=.OOl(***) and p<=.OOOl(****) are indicated.
Interpretation of the statistics in these tables will be
returned to in the section, Stimulus Complexity and Task
Performance in Chapter 6 (Discussion).

Stimulus complexity and the Experimental Task

As mentioned previously in this chapter in the section
overview to Data Analysis, the present method for
assessing the effeot of stL1\Uluscomplexity concentrates on
the level of sUbjective assessment.
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ANOVA SUMMARY TABLE FOR DEGENERATE GEOMETRIC ANALOGY DATA SET

KEY; CUE 2 CUE COIIOITION (ZERO VS TWO) (N 2 2)

ELEHENT 2 NUMBER OF ELEHENTS PER TERM (N • 3)
.

LEVELS OF SIGNIFICANCE; p < - .05*;. p <- .01**;

p <2 .001*"*""; p <•. 00OI*~**

SOURCE O~ VARIANCE SUK OF SQUARES df MEAN SqUARES F VALUE P

CUE 25136517.02 1 25136517.02 305.62 0.0001""'>-"
ERROR 4852561.47 59 82246,BO

£LEMEIlT 23576512.82 2 11838256.41 221.70 0.0001 .........
ERROR 6301055.17 118 53398.77

CUE" ELE)!ENT 1649731.20 2. 824865.60 20.42 0.0001"* ....
ERROR 4761110.80 118 40399.24

TASLE S.2a AHOVA SUKMARY FOR DE6£MERATE GEO"ETRIC AaALOGY RESPONSE TIKE DATA SET.



..'

AMOVA SUMMARY TABLE FOR SEKIDEGEHERATE (A:A::BlB) GEOMETRIC ANALOGY DATA SET

KEY: CUE ~ CUE cosorr rON (ZE.RO vs TWO) (u ~ 2)

ELEME«T :: IWHeER OF ELEMENTS pER TERI: (II ~ 3)

TRANS::; NUMBER OF TIlAlISFORHAT!()IIS BETWEEN TERMS (n • 2)

LEVELS OF SIGNlfICAlIC£; p <~ .05"; p <:~ .01*"; p <~ .001***;

P <= .0001**-

SOURCE OF VARIANCE SUM OF SQUARES df I\EAN SQUARES F VALUE p

CUE 117783120.16 1 117783120.16 3t,1.80 0.0001**"'"
ERROR 20331349.71. 59 344599.1t;

ELEMENT 72314432.95 2 35157215.48 116.69 0.000 l"_'
ERROR 36501727.B6 118 309336.67

TRANS 68295304.16 I 68295304.16 105.12 0.0001"''''
ERROR 38332371.08 59 649701. 20

CUE .. ELEMENT 1405639.93 2 702819.96 8.91 0.0002***
ERROR 9308373.89 118 78884.52

CUE" TRANS 1096320.33 I 1098320.33 11.8) 0.0011***
ERROR 5485803.91 59 92979.61

ELEMENT" TRANS 3345442.30 2 1672721.15 17.47 0.0001'***
ERROR 1129~460.19 118 95749.65

CUE '* ELEMENT" TRANS 239397.10 2 119095.55 1.73 0.1824
ERROR 8181826.39 118 69337.51

TABLE S.2b ANOVA SUHMARY FOR SEHIOEG£HERATE (A:A:;8:8) GEOMETRIC ANALOGY RESPONSE TIKE

DATA SET.

.'
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ANa VA SUHMARY rABl~ FOR SEHIDEGEHERATE (A:B::A:B) GEOJ!ETRIC ANALOGY DATA S£T

KEY: CUE. CUE CONDITION (ZERO vs TIIO) (N .. 2)

ELEHElIT =: NUMBER O~ ELEMENTS PER TERIl (N .. 3)

TRANS =NUHBER OF TRANSFORMATIONS BElIiEEN TERMS (u - 2)

LEVELS OF SIGNIFICANCE: p < - .05*; p <- .01,,*;

P <= .00\***; P <- .0001****

.
~OURCE OF VARIANCE SUH OF SQUARES dF /lEAN SQUARES F VALUE P

CUE 151349933.16 1 151349933.16 300.63 0.0001****
ERROR 29702894.58 59 503438.89

(LEMEN T 2054911 96.71 2 102745598.35 234.36 0.0001****
ERROR 51732968.61 118 438414.98

TRANS 193787364.01 1 193787364.01 263.62 0.0001-
ERROR 43371129.73 59 735103.89

rUE * ELEMENT 10075402.76 2 5037701.38 22.21 O.000 1*"**
ERROR 2&76'6416.23 118 22683/1.03

CUE * TRAilS l/tl5563.36 1 1415563.36 7.25 0.0092**
ERROR 11515589.04 59 195179.47

ELEMENT * TRANS 19622316.60 2 9611156.30 41.58 0.0001****
ERROR 27845411.39 118 235978.06

CUE* ELEMENT* TRANS 29i416j.96 2 1487081.98 10.46 0.0001-
ERROR 16'179646.36 118 142200.39

TABLEs.z« ANOVA SUMMARY rOR SEKtoEGEHERATE. (A:B: :A:B) GEOMETRIC ANALOGY RESPO~SETIHE

OATA SET.
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---
ANOVA SUMMARY rAB~E FOR NOHDEGENERATE GEOMETRIC ANAI.OGY DATA SET

KEY; tUE ~ CUE CONDITION (ZERO vS TWO) (N # 2)
ELEMENT - NUMBER OF ELEMENTS PER TERM (N = 3)

TRANS # NUHBER of TRANSFORMATIONS BETWEEN TERMS (II = 3)

LEVELS OF SIGNIFICANCE; P <= .05*; p <= .01**;

P <= .001***; p -< ~ .0001-

SOURct OF VARIANCE "1 OF SQUARES Jf MEAN SQUARES F VALUE

CUE 2092925369 94 2092925369.94 539.73 0.0001""*-
ERROR 225657850.47 59 3876065.26

ELEMENT 1464509526.92 732254153.46 312.05 o OOOl**~*
ERROR 276887885.18 118 2150518.27

TRANS 1808450158.32 904225079.16 420.47 o .000 1**"*
ERROR 253761156.95 118 2150$18.27

CUE * ELEMENT 101830899.88 50915449.94 7tt .58 0.0001**-
ERROR 805IH353.11 118 6B2123.33

CUE * TRANS 132734241.97 2 66367120.98 77 .12 0.0001****
ERROR 10151,1278.52 118 860519.30

ELEMENT )<. TRANS 79869528.78 " 19967382.19 22.67 0.0001-
eRROR 207834235.43 236 880653.53

CUE ~ ELEMENT
1\ TRANS 26415842.48 6603960.62 13.34 0.0001-
ERROR 116817458.85 236 494989.23

TABLE S.2d ANOVA SUXHARY FOR NOHOEGENERATE GEOKETRIC ANALOGY RtSPOHSE IIHE DATA SET.
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83.90 0.0001***

AHOVA CONTRAST SUNKARY TABLE FOR DEGENERATE GEOMETRIC ANALOGY OATA SET

KEY; CUE. CUE CONCITlOH (ZERO vs TWO) ((II • 2)

ELEMENT = HUMBER Of ELEMENTS PER TERM (N ~ 3)

LEVELS OF SIGNIfICANCE; p <: .05*; p <= .01**;

< •. 001***; p <= .0001-

CO~TRAST SUM OF SQUARES df ~EAn SQUARES F VALUE

,CUE 1 vs CUE 2 150819102.15 150BI9:02,15
:RROR 29115368.85 59 493480.Cl

ELEMENT 1 vs
ELEMENT 2 12274517.40 12274517.40
ERROR 8631478.60 59 146295.24

ELEHEIIT vs
ELEMENT 3 92439611.26 1 92439611.26
ERROR 19407748.73 59 328944.89

ELEMENT 2 vs
ELEMENT 3 37344948.26 37344948.26tRROR 9767103,73 59 165544,13

305.62 0,0001***

281.02 O,QOOI***

225.59 0.0001 .......

TABLE 5.3a ANOVA CONTRASTS FOR TIlE DEGENERATE FACTORIAL RESPONSE TIHE DATA SET.
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AH~"~ CONTRAST SUMMARY TABLE FOR SElIIOEGEHERATE (A;A; ;8;B) GEOMETRiC ANALOGY DA1A SET

KEY; CUE a CUE COllOIrrOU (ZERO vs T~O) (N - 2)

ELEMEIIT : NUMBER OF EUHENTS PER TERK (N _ 3)

TRAI15 ~ ij!JHBER OF TRANSFORMATIONS BETIIEEN TERKS (N = 2)

LEVELS OF SIGNIFICANCEj P < = .05"; p <= .Ol**j

P <:- .001**; p oG= .00OI~

- ----
CONTRAST SUH OF SQUARES df MEANSQUARES F VALUE P

CUE 1 vs CUE2 1413397t.42.01 1413397442.01 341.80 0.0001****
ERROR 243976196.98 S9 4135169.77

ELEfiENT 1 vs

ELEMENT 2 143257aS:l.75 14:l257853.75 51.78 0.0001 ......,..
ERROR 163248539.25 59 27~6921,.39

EI.EMENT 1 vs

ELEMENT 3 578511181.06 578511181.06 169.84 0.0001-
ERROR 200965808: 93 59 31,06200.15

ELEMEIIT 2 vs

ELEMENT 3 145994160.81 145994160.81 115.71 0.0001****
ERROR 73a06386.18 59 1250955.69

TRANS 1 vs

TRAilS 2 819543650,01 819543650.01 105.12 0.0001** .....
ERROR 459988452.98 59 7796414.45

TABLE 5.3b ANOVA CONTRASTS FOR THE SEMIOEGEHEHATE (A:A::8:0) FACTORIAL RESPONSE TIHE

DATA SET.

"
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AMOVA CONTRAST SUMMARY TABLE FOR SEKIDEGEHERATE (A:B::~:B) GEOMETRIC ANALOGY DATA SET

KEY; CUE ~ CUE COIWITtOl1 (ZERO vs TWO) (N ~ 2)

ELEMENT. HUHBER Of ELEBENTS PER TERM (N • 3)

TRANS. NUHBER OF. TRANSFORHATIOIIS BETWEEN TERHS (» • 2)

LEVELS OF SIGNIfICAN~E; P <:= .05*; P <= .01**;

P <~ .001***; P < •. 0001-

COHRAST SUH OF SQUARES df HEAN SQUARES F VALUE P

CUE 1 vs CUE 2 181619919B.Ol 1 lB1619n9B.Ol 300.63 0.0001****
ERROR 356434734.98 59 6041266.69·

.•ELEMENT 1 vs
ELEMENT 2 413043843.75 1 413043B43.75 214.82 O.OOOl***"
ERROR 11340067.25 59 1922713.00

ELEMENT 1 vs
ELE"ENT 3 15439Z5132.Bl 1 1643926132.81 311.53 0.0001*'*"
ERROR 3li336566.1B 59 5275890.95

ELEMEN T 2 vs
ELEHEIH 3 400924384.06 1 40892/.304.06 120.00 0.0001****
ERROR 196018989.93 59 3322355.76

TRAUS 1 vs
TRAIlS 2 2325448368.15 1 2325448358. IS 263.62 0.0001 ......
ERROR 520453556.85 59 8821246.72

TA8LE 5.3c ·~.NOVA CONTRASTS FOR TItE SEMIDEGEHERATE (A:B::A:B) FACTOR1AL RESPONSE TIHE

DATA SET.
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AMOVA COHTRAST SUMMARY TABLE FOR HONDEGEHERATEGEOKfrRIC ANALOGY DATA sEt

KEY; CUE .. CUE CONDITION (ZERO vs TWO) (N .. 2)

ELEMENT .. NUMBER OF ELEMENTS PER TERM (II .. 3)

TRANS .. NUMBER OF TRANSFORMATIONS BETlIEEN TERHS (N .. 3)

LEVELS OF SIGNIFICAIIC,; p ..... 05*; p <~ .01**;

P <~ ,001***; p < •. 0001****

CONTRAST SUM OF SQUARES df HEAN SQUARES F VALUE P

CUE 1 vs CUE 2 75312913318.01 1 75312913318.01 539.73 0.0001****
ERROR 8232762616.98 59 139538349.44 .
ELEMEhT 1 vs
ELEHENT 2 11189917596.15 1 11189917596.15 339.89 0.0001 **'1-
ERROIl 1942t.t 11,48 .85 59 32922227.94

ELEMENT 1 vs
ELEMENT 3 3/,9/,6080274.01 1 34 9/,60B0274 .01 413.1,8 0.000l'''-**'''-
ERROR 1,986/,458/,1,.98 59 B4516031.27

ELEMEIIT 2 vs
ELEMENT 3 6586345099.26 1 6586345099.26 f27.86 0.0001"'***
rRROR 3039016572.73 59 51510280.89

TRANS I V$

TRANS 2 11759776001.06 1 11759776001.06 301.67 0.0001****
ERROR 2299975966.93 59 38982643.50

TRANS 1 vs
TRANS 3 43378087744.26 1 433780877ft/,.26 557.80 o .0001 "***
ERROR 4588180293.73 59 77765767.69

TRtlnS 2 vs
lRANS J-' 9966341954.39 1 99663/f) 95/,.39 261.66 o •000 1**"*
mOR 22/,7245389.60 59 38088704.90

TABLE S.ld ANOVA CONTnASTS Fan TIlE NONOEGENERATE FACTORIAL RESPONSE TIKE OArA SET •

. .,:

,.
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As part of the present experimental procedure I subjects
were asked to rank four forced choice geometric analogy
items (one from each analogy type) in order of subjeotive
complexi~y. Subjects were required to do this both before
and after completion of the experimental trials. It is the
assumption that any pre-test/post-test differenoes in
complexity rank order will reflect a modification of the
subjects' complexity criteria caused by their exposure to,
and perfvrmance on the experimental trials.

Analogy type complexity rankings thus comprised two subsets
of four rank orderings of 1, 2, 3, and 4, applied to
geometric analogy items A (Semidegenerate forced choice
geometric analogy (format A:B::A:B»I B (Degenerate forced"

choice geometric analogy),
geometric analogy), and D
geotnetric analogy (format
are thus sixty-four «41) x

C (Nondegenerate forced choice
(Semidegenerate forced choice

A:A::B:B». Total permutations
(4!» •

Subjects'
particular
sixty-four
post-test
complexity

actual rankings are summarised in Table 5.4. Of
significance is that only five of the potential
orderings emerge, each with the identical

complexity ranking set. In Table 5.4, the
ranking sets have been arranged in descending
frequency and a complexity code ascribed

It must be emphasised that this ordering of
order of
accordingly.
ranking sets in no
order, and therefore
not reflect any 'real'

way reflects any 'real' or 'natural'
the codes ascribed to these ~ets do

arithmetic or mathematical scale.

Approximately 82% of respondents are aocounted for by their
selection of oode 1 or code 2 complexity sets; with 92.67%
being accounted for by the first three code frequencies.
Thus, the percentage of respondents acoouhted for by the
first three code frequencies, together with the fact that
only five complexity orderings emerged, suggests a
non-random distribution of compl~x1ty judgements.
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ITEX ·COXPLEXm R,mrHG FREQUHCY ASCRIBED coxPLEXlTY

PRE-TeST POST-TEST (U • 60) COO~
( fn.)

A a C 0 A a C 0

2 1 4 3 3 1 4 l 31

3 l 4 2 J 1 4 2 18

" 1 3 2 3 1 I, 2

1 2 I, 3 3 1 4 2 4

3 1 "2 4 3 1 4 2

CIIJ-SQUAR£O (dF. It)

TABLE 5.~ SUBJECTIVE ITEX COMPLEXITY CODIXG.
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The resultant distribution of complexity judgements in
Table 5.4 is ideally suited to analysis by the chi-squared
one var Iable tes',• This test has been described as a
"goodness-ot-fit" :echnique in that it may be used to
determine whether or not a significalltdifference exists
between the observed number of cases falling into each
oategory, and the expected number of cases, based upon the
null hypothesis; which in the present context would suggest
that there should be an equal number of responses within
each category.

,
This concluded the analysis of complexity rankings per sa.
While the analysis oonduoted revealed the existence of
pre-test/post-test differenoes in oomplexity rankings, the
question remains as to why this should ce so. It is thus
preferred
distinct

to retain the integrity of the judgement sets as
units of complexity-task assooiation. Further

subdivision and analysis cf complexity oode data (a.g.,
investigation by gender and handedness, eto,) was decide.:!
against given the lack of theoretical justification for
such analysis, together with the risk of over fragmenting
each of the four separate data sets (arising from the
subdivision of the total data set on the basis of geometric
analogy type) and thereby reduoing the number of
observations pe~ cell (a procedure which was cautioned
against in the section The Research Design of sternberg's
(~977) Geometr.ic Analogy Experiment, and its Relevance to
the Present l~esearch,in Chapter 4).

HoweVp.r, l~vmplexity code groups were used as the basis for
post hoc partitioning of the data sets pertaining to each
of the "four" geometric analogy types, in order to
determine whether subjeotive I;omplexity code Offered an
associative explanation for the basis of both subjeotive
strategy code group membership and oluster membership.
These issues· will be returned to in the sections Solution
strategy and the Experimental TasJ~, and The Cluster
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Analysis Procedures, later on in this chapter.

Interpretation of the statistics in Table 5.4 will be
returned to in the section, stimulus Complexity and Task
Performance in Chapter 6 (Discussion).

Solution Strategy and the Experimental Task

This section is concerned with the extent to which
variations
geometric
"trategy.

in demand Characteristics of forced choice
analogy items influences subjective solution

" Previous investigations of geometrio analogy solution have
not appealed to subject's post hoo introspective reports
for support for the interpretation of performance data.
However, it is oontended that this type of supplementary
data may provide valuable insights into the extent to whioh
variations in item oomplexity influenoe the order of
exeouti~n of the cognitive components involved in geometric
analogy solution.

As part. of the procedUre for the present experiment,
subjects were asked to describe, in detail, the solution
strategies the~ had adopted for each of two examples from
eaoh of the "four" types of geometric analogy included in
the experimental trials. Then reason that sUbjects were
required to provide strategy reports for two examples of
each geometric analogy type was that one of the examples
would comprise a minimum number of elements per term and
transformations between terms (relevant to each analogy
type), whereas the other example would comprise the maximum
number of eLemerrca per
terms (relevant to each
that subjects provided

term and tranSformations between
anaLoqy type). There.byensuring

a strategy report for ea.chanalogy
type in its moat; "simple" and "oomp Lex" form. It is, of
course, the assumption that any variation in subjective

I'



strategy reports
geometric analogy
sUbjeotsl solution
in the task demand

for the two examples of a particular
type will reflect a mOdifioation in the
strategy brought about by the variation

oharacteristics.

Adopting the prooedure described in the section Procedure
in Chapter 4, each of the reported strategies was recorded
and coded.
strategy

Particular care was taken to ensure that any
report differing even slightly from 'those

previously recorded, in terms of performance components
adopted and order of component execution, was documented
and assigned a separate code. To the extent that the
solution strategy reports included descriptions of
componential processes corresponding to those identified by
sternberg (1977) as being involved in forced choice
geometric analogy solution, this was recorded.

The self reported solution strategies relevant to each of
the geometric analogy types will be considered separately.

Degenerate Foroed Choioe Geometri~ Analogy Subjective Task
strategy Types

strictly in terms of performance oomponents adopted and
order of oomponent

types were
execution, two dominant subjeotive task

identified from subjects post hoc
relevant to the solution of

strategy
introspective reports
Degenerate items with one element per term throughout. The
first of these strategy types was coded 1.1a and the seoond
1. 2a.

At this juncture it must be emphas Lsed that neither these
oodes, nor those assigned to the dominant subjective task
strategy types identified frl.)mthe subjective stratl'lgy
reports x'elevant to the solution of 3 element Oege1"''1''':'':'c.
itelns, hoth variations of semidegenerate ite"ls, ,',ct

Non'degenerate items, represent any Ureal!! arit.ill'I<:ltioOr
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mathematical properties of scale. These are purely nominal
categories and any ordering of them is arbitrary.

variations
identified

of the two dominant stl:ategy types were
these did not involve additionalhowever since

performance components or changes in the erder of component
execution, they were not coded as separate strategy types
but, rather, were recorded as variations of the respective
dominant strategy types.

The identical two dominant sUbjective task strategy types
were identified from subjeots post hoc introspective
reports relevant to the solution"of 3 element Degenerate
items. The first of these strategy types were coded 3.1a
and the second 3.2a.

Similarly. variations of these two dominant strategy types
werp. identified, however, these 'variationswere fewer in
number than those ide~tified and reoorded for 1 element
Degenerate
variations

item
did

solution.
110t involve

FUrthermore,
additional

since these
performance

components or changes in the order of component execution,
they were not coded as separate strategy types but, rather,
were recorded as variations f the respective dominant
strategy types.

A detailed discussion of the dominant subjective task
strategy types as well as their respective variations,
iden'tified from the sUbjective strategy r$ports relevant to
the solution of 1 and 3 element Degenerate items, together
with a summary of the numbers of subjects who reportedly
adopted each of these strategy types, is presented in the
section, Task structure and Solution strategy in Chapter
6 (Discussion).

199
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Semidegenerate Forced Choice Geometric Analogy (Format
A:A::B:B) Subjective ~ask Strategy Types

Strictly
order of
strategy

in terms
component

types were

of performance components adopted and
execution, two dominant subjective task

identified from subjects post hoc
introspective reports relevant to the solution of 1 element

1 transformation semidegenerate items of the format
A:A: :B:B. ~he first of these strategy types was coded 1.lb
and the second 1.2b.

variations of these two dominant strategy types were
identified, however, since these did not involve additional

,. performance components or changes in the order of component
execution, they were not coded as separate strategy types
but, rather, were recorded as variations of the respective
dominant strategy types.

The identical t..,ro
were identified

dominant sUbjective task strategy types

reports relevant
from subjects post hoc
to the solution of 3

introspeotive
element 3

transformation Semidegenerate items of the format
A:A: :B:B. The first of these strategy types was coded 3.1b
and the second 3.2b.

similarly, variations of these two dom~ lant strategy types
were identified, however, these variations were fewer in
number than those identified and recorded for 1 element - 1
transformation
since these

semidegenerate
variations did

item solution. Furthermore,
not involve additional

performanoe components or changes in the order of component
execution, they were not coded as separate strategy types
but, rather, were reoorded as variations of the respeotive
dominant strategy types.

A detailed disoussion of the dominant subjective task
strategy types, as well as their respective variations,
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identified from the subjective strategy reports relevant to
the solution of 1 element - 1 transformation and 3 element

3 transformation semidegenerate items of the format
A:A::B:B, together with a summary of the numbers of
subjects who reportedly adopted each of the strategy types,
is presented in the section Task structure and Solution
strategy in Chapter 6 (Discussion).

semidegenerate Forced Choice Geometric Analogy (Format
A:B::A:B) Subjective Task Strategy Types

strictly in terms of performance components adopted and
order of component execution, two dominant subjective task
strategy types were identified from SUbjects post hoc
introspective reports relevant to the solution of 1 element

1 transformation semidege.nerate items of the format
A:B::A:B. The first of these strategy types was coded 1.lc
and the second 1.2c.

variations of these two dominant strategy types i<', ,;e
identified, however, since these did not involve additional
performance components or changes in the order of the
component execution, they were not coded as separate
strategy types but, rather, were recorded as variations of
the respective dominant strategy types.

"'be identical two dominant subj"lctivetask strategy types
were identified from the subjects post hoC introspective
,"eports relevant
transformation
A:;]::A:B. The

to the solution of 3 element 3

semidegenerate
first of these

items of the format
strategy types was coded

3.1c, and the second 3.2c.

Similarly, variations of these two domtr.ant; strategy types
Were identified, however, these variat~ons were fewer in
number than those identified and recorded for 1 element - 1

transformation Semidegenerate item solution. Furthermore,
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since these variations did not involve additional
performance components or changes in the order of component
execution, they were not oOded as separate strategy types
but, rather, were recorded as variations of the respeotive
dominant strategy types.

A detailed discussion of the dominant subjective task
strategy types, as well as their respective variations,
identified from the sUbjeotive strategy reports relevant to
the solution of 1 element - 1 transformation and 3 element

3 transformation Semidegenerate items of the format
A:B: :A:B, together with a summary of the numbers. of
subjects who reportedly adopted eaoh of the strategy type.S,

" is presented in the section Task structure and so]utior.
strategy in Chapter 6 (Discussion).

Nondegenerate Forced Choice Geometric Analogy Subjective
Task strategy Types

It was mentioned in the section Aims of the Present
Research, in Chapter 4, that a major aim of this study was
to investigate whether the cognitive oomponent prOCesses
desoribed 'by Sternberg (1977) as best defining task
performance on Nondegenerate forced choice geometric
analogy items are in fact as generalisable as he maintained
them to be. Since Sternberg's (1977) componential models
of analogical reasoning \'lereapplicable to Nondegenerate
forced choice geometric analogy items comprising more,than
one element per term, the subjective strategy >;,eportsfor
the two Nonde.generate examples wer;)obt.ad.nedin different
ways.

The subjective strategy reports for the solution of 1
element 1 transformation Nondegenerate items were
obtained in a similar ,manner to thOSe relating to the
solution
oontrast,

of Degenerate' and Semidegenerate
for the 3 element 3

items. In
transformation

202

,('rOt



·-----'-~-------.---~-- ---~----

Nondegenerate example particular care was taken to ensure
that in their subjective strategy report, subjects
identified which terms had been compared with which; which
term (s) had been compared with the two answez options;
whether elements comprising the terms and answer options
,vere compared indi v .LduallyI or as a whole, and whether the
comparison of elements had been self terminating or
exhaustive.

Strictly in terms of performance oomponents adopted and
order of component exeoution, four dominant subjective task
st~ategy types were identified from subjects post hoc
introspective reports relevant to tue solution of 1 element

1 transformation Nondegenerate items. The first of these
strategy- types was coded 1.1d, the second 1.2d, the third
1.3d, and the fourth 1.4d.

variations
identified.
adopting

of these four dominant strategy types were
variations were apparently d'Ueto the subjeots

either a self terminating or exhaustive
application prooedure. However, since these did not
involve additional performance components or changes in the
order of oomponent execution, they were not ooded as
separate strategy types but, ratherr were recorded as
variations of the respective dominant strategy types.

In terms of performance components adoptedr order of
component execution, nature (i.e., self terminating or
exhaustive) of the inference, ma~ping and applioation
prooedures, and mode (se~lential or alternate) of option
scanning, four dominant subjective task strategy types were
identified from the SUbjective strategy reports relevant to
the solution of 3 element - 3 transformation Nondegenerate
items. The first of the strategy types was coded 3.1d, the
second 3.2d, the third 3.,3d, and the fourth 3.4d.
variations of these four domlnant strategy types were not
identified.

• j
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A detailed discussion of the dominant subjective task
strategy
the case

types,
of 1

as well as
element

identified

their respective variations (in
1 transformation Nondegenerate

from the nUbjective strategy
solution of 1 element 1

items
reports

only) ,
rt'evant to the

transformation and 3 element 3 transformation
Nondegenerate items, together with a summary of the numbers
of sUbjects Who reportedly adopted each of the strategy
types, is presented in the section Task structure and
Solution strategy in Chapter 6 (Discussion).

Of significance for present research purposes is the degree
of association between subjective complexity jUdgements and

subjects' self-reported SUbjective task strategies
pertaining to both examples of each analogy type.

An investigation of this association was conducted
separately for both examples of each analogy type.

Degenerate Forced Choice Geometric Analogy Items

As discussed previously in this section, two dominant
SUbjective task strategy types were identified from the
subjective strategy reports relevant to 1 element
Degenerate Lt.ems., These were coded 1.1a and 1.2a.

These strategy codes are presented together with the
subjective complexity codes in.Table 5.5a. Again it must
be emphasised that neither theSe codes nor those presented
further on in the discussion of the association between
subjective complexity judge.ientis and subjects' self
reported sUbjective task strategies, represent any "real"
arithmetic or mathematical propertie~ of scale. These are
purely nominal categories and any ordering of them is
arbitrary.
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FREQUEKCY OF ntx COMPLEXIty
FOR EACH TASX STRATESY

BrNOMIAl
(X' )

HEM
COMPLEXITY
CODE

l.h 1.2a (TOTAL)

16 13 (31) P > .10

2 12 (18) P > .10

6 0 ( 6) p < .05*

I, ( 4) p > .10

5 0 ( 1) • p > .10

(TOtAL) (31 ) (29) (60) p > .10

.-

TABLE 5.5a TASK STRATEGY A.D ITEM COKPLEXITY FOR 1 ELEMEKT DEGEMERATE GEOMETRIC

ANALOGY ITEMS.
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FREQUENCY OF ITEM COMPLEXITY
FOR EACH TASK STRATEGY

BINOMIAL
(X' )

rrl'K
COIIPLEXITY
CODE

3.1a 3.2a (TOTAL)

17 1/, (31 ) > .10

10 (18 ) P ,. .10

0 ( 6) P < .05*

4 ( 4) p ,. .10

0 ( 1) p :> .10

(TOTAL) (33) (27) (60) p >.10

'----

TABLE S.Sb TASK STRATEGY AND ITEM COMPLEXlYV FOR 3 ELEMENT DESENERATE

GEOMETRIC ANALOGY ITEMS.
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Given the nominal nature of the two-category rows in Table
5.5a, together with the fact that no predictions were made
concerning the assoc::'dtionbetween subjective task strategy
and sUbjective complexity judgement, a binomial two-tail
test was ~mployed for data analysis purposes.

Findings set out in 'J:able5.5a suggest that the association
between subjective task strategy (Codes l.la and 1.2a) and
subjective complexity code 3 is strong and statistically
significant (p<.05).

Sign~ficant levels
whilst any semantic

for other codes
interpretation of

of the' small

are less compelling,
codes 4 and 5 will be

undermined because numbez of total
observations for each code.

As discussed previously
subjective task strategy

in this section, two dominant
types were identified from the

subjective strategy reports relevant to 3 element
Degenerate items. These were coded 3.1a and 3.2a.

These strategy codes are presented together with the
sUbjective complexity codes in Table 5.5b.

Given the nominal nature of the two-category rows in Table
5.5bl together with the fact that no predictions were made
concerning the association between subjective task strategy
and subjective complexity jUdgement, a binomial two-tail
test was employed for data analysis purposes.

Findings set out in 'J:able5.5b suggest that the association
between SUbjective task strategy (Codes 3.1a and 3.2a) and
subjective cOlllplexitycode 3 is strong and statisticall.y
significant (p<.05).

Significant levels for other codes are l~ss compelling
whilst any semantic int¥U"pretationof codeS 4 and 5 will be
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undermined because of 'the small nUmber of total
observations for ea.chcell.

sellIi,:egenerate(A:A::B:B) Forced Choice Geometric l\nal'Jgy
Items

As discussed previously in this section, two dominant
f'ubjective task strategy types were identified from the
subjective strategy reports relevant to 1 element - 1
transformation semidegenerate items of the format
A:A: :B:B. These w~re coded 1.1b and 1.2b.

These strategy codes are presented together ,ntr. the
sUbjeotive oomplexity codes in Table 5.5c •

Given tl
5.50, tL

concerning t,
and subject iv'"
test was employed f

.r, of the two-oategory rows in Table
'1: t.nat; no predictions were made

" 'qen subjective task strategy
~ent, a binomial two-tail

purposes.

Findings set out in 'l'ableb. 5c .ggest that the association
between subjective task strategy (Codes l.lb and 1.2b) and
subjective complexity codes 1 (p<.05) and 2 (p<.Ol) is
strong and statistically significant.

Significant levels for other codes are less compelling
whilst any semantic interpretation of codes 4 and 5 will be
undermined because of the small number of total
observations for each cell.

As discussed previously in this seotion, two dominant
subjective task strategy types were identified from the
subjeotive strategy reports relevant to 3 element - 3
transformation Semidegenerate items of
A:A: :B:B. These were coded ·3.1band 3.2b.

the format
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FREQUENCY OF IT~M COMPleXITY
FOR EACH TASK STRATEGY

BINOMIAL
(X' )

ITEH
COMPLEXITY
C,)OE

L1b 1.2b (TOTAL)

22 (31) p < .05"

2 17 (18) p < .01**

3 5 ( 6) p > .10

" 3 ( 4) p >'.10

5 0 ( 1) p > .10

(TOTAL) (/,0) (12) (50) P .: .05-'"

TAOlE S.Sc tASK STRATEGY AND nEM CO}\PLEXITY FOR 1 ElElIENT - 1 TRANSFORMATION

SEHIOEGEHERATE (A:A::B:n) GEOMETRIC ANALOGY ITEHS.
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These strategy codes are presented together with the
subjective complexity codes in Table 5.5d.

Given the nominal nature of the two-category tows in Table
5.5d, together with the fact that no predictions were made
concerning the association between subjective task strategy
and subjective complexity judgement, a binomial two-tail
test was employed for data analysis purposes.

Findings set out in Table 5.5d suggest that the association
between sUbjective task strategy (Codes 3.lb and 3.2b) and
sUbjective com~lexity codes l (p<.05), 2 (p<.Ol) and 3
(p<.05) is strong and statiatically significant.

Any semantic interpretation of codes 4 and 5 will be
unde rmi.ned because of the small number of total
observations for each cell.

sp~idegenerate (A:B::A:B) Forcp.d choice Geometric Analogy
Ite\.T.s

As discussed previously
sUbjective task strategy

in this
types

seotion, two domina.nt
were identified from the

subjective strategy reports relevant to ].
transformation Semidegenerate items of
1;,.:B::A:B. These ~lere coded 1.1C and l.2c.

element -].
the format

These, strategy codes are presented together with the
s\lbjective complexity codes in Table 5.5e.

Given the nominal nature of the two-category rows in Table
5.5e, together with the fact that no predictions 1<leremade
ccncerning the association between subjective task strategy
and subjective complexity judgement, a binomial two-tal.l
test was employed for data analysis purposes.

Findings set out in Table 5.5e· suggest that the assooiation
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FREQUENCY of ITEM COMPLEXITY
FOR EACH TASK STRATEGY

ITEM
COMPLEXITY
CODE

BINOMIAL
(X' )

3.1b 3.2b (TOTAL)

24 (31) P .( .05*

2 18 0 (18 ) p <. .01-"_"

3 6 0 ( 6) P ..: .05*

I, ( I,) p > .10

5 a ( 1) P >.10

(TOTAL) (52) ( B) (60) p < .es-

TADLE 5.Sd TASK Sl'RATEGI AND ITEH COMPLEXITY FOR 3 ELEMENT - 3 TRANSFORHATION

SEKIDEGENEnATE (A:A::B;S) GEOMETRIC ANALOGY ITEMS.



12 19 (31) P > .10

2 11 7 (18) p > .10

6 a ( 6) < .05*

4 a I, ( Id. > .10

5 a ( 1) P :> ,10

TOTAL) (29) (31) (eo) > .10

FREQUIiHCYOF ITEM COMPLEXITY
FOR EACH TASK SrnATeGY

BINOMIAL
(X' )

ITEM
COMPLEXITY
COOE

Ll.c 1.20 (TOTAL)

TABLE 5.50 TASK STRATEGY AND ITEH COliPLEXITY FoR 1 ELEMENT - 1 T,lAHSFORHATIOH

SEHIDEGENERATE (A:B::A:O) GEOMETRIC ANALOGY ITEMS.
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between subjective task strategy (Codes 1.10 and 1.20) and
subjective oomplexity Code 3 is strong and statistically
significant (p<.05).

Significant Idvels
whilst any semantic
undermined because

for other codes are less compelling
int.erpretationof Codes 4 and 5 will be

of the small nUllber of total
observations for eaoh oell.

As disoussed previously
subjective task strategy

in this section, two dominant
types were identifi.:.dfrom the

subjective strategy reports relevant to 3 element - 3
transformation Sel11idegenerate items of the format
AtB::A:B. These Were coded 3.1c and 3.2c.

These strategy codes are pl.~esentedtogether with the
subjective oomplexity codes in Table 5.5f.

Given the nominal nature of the two·-categoryrows in Table
5.5f, together with the fact that no predictions were made
concerning the assooiation between subjective task strategy
and subjective complexity jUdgement, a binomial two-tail
test was employed for data analysis purposes.

Findings set out in Table 5.5f fail to suggest any
statistically significant assooiation between subjeotive
task strategy (Codes 3.10 and 3.2c) and sUbjective
oomplexity code.

Nondegenerate Forced Choice Geometric Analogy Items

As discussed previously
subjeotive task strategy

in this seotion, four dominant
types were identified from the

subjective strategy reports relevant to 1· element - 1
transformation Nondegenerate items. These Were coded 1.1d,
1.2d, 1.3d and 1.4d.
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FREQUENCY OF ITEH COHPLEXITY
FOR EACH TASK StilATEGY

6I~OKIIIL
(X' )

lTEH
COMPLEXITY
CODE

3.1e 3.2c (TOTAL)

1 10 21 (31) p > .10

2 10 (la) p > .10

(.6) P » .10

I, 0 4 ( 4) > .10

5 0 ( 1) P >.10

(rom) (23) (37) (60) < .10

TABLE 5.5f TASK STRATEGY AND Tlr~ COMPLEXITY FOR 3 ELEHENT - 3 TRANSFORHATtOH

SEH!OEGEHERATE (A:6::A:6) GEOMETRIC ANALOGY ITEKS •
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ITEM FREQUENCY OF ITEH COMPLEXITY CHI-
COMPLEXITY FOR EACII TASK STRATEGY SQUARED
CODE (df - 3)

l.1d 1.2d l.3d 1.4d (TOTAL)

15 (31 ) P < .01· ...

2 15 1 (18) < .01"'"

3 5 0 0 ( 6) p < .05*

4 2 0 ( 4)
>- .10.p

5 0 0 0 ( 1) p ;. .10

(TOTAL) (37) ( a) (~2) ( 3) (60) p <.op*

tABLE 5.5g TASK STRATEGY AND ITEM COMPLEXItY FOR 1 ELEMENT ~ 1 TRANSFORMATION

HOHOEGE~ERATE GEOMETRIC ANALOGY ITEHS.
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These strategy codes are presented together with the
sUbjective complexity codes in Table 5.5g.

Given the
chi-squared

nominal nature of each row in Table 5.5g, a
one~sample test (Siegel, 1956) were employed

for data analysis purposes.

Findings set out.in Table 5.5g suggest that the association
between subjective task
and 1.4d) and subjective

3

strategy (Codes 1.1d, 1.2d, 1.3d
complexity codes 1 ·p<.01), 2
is strong and statistically(p<.Ol) and (p<.05)

significant.

Any semantic interpretation of codes 4 a..,d 5 will be
undermd.ned because of the small number of total
observations for each code.

As discussed previously
sUbjective task strategy

in this ~ection, four dominant
types were identified from the

subjective s·trategy reports relevant to 3 element - 3
transformation Nondegenerate items. These ~
3.2d, 3.3d and 3.4d.

~oded 3.1d,

These strategy codes are l:' 1sented together with the
sUbjective complexity codes in Table 5.5h.

Given the nominal nature vf each row in Table 5.5h, a
chi-squared ene-sample test (Siegel, 1956) was employed for
data analysis purpcses.

Findings set out i.nTable 5.5h suggest that the association
between subj eot.Lvu task strategy (codes 3.1d, 3.2d, 3.3d
and 3.4d) and s\lbjective complexity code 2 (p<.05) is
strong and statistically significant.

Significant levels for other codes are less compelling
whilst. any s emarrt Lo interpretation of codes 4 and 5 will be
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FREQUENCY OF lTEM COMPLEXITY
FOR (ACIl TASK STRATEGY

CIJI-
SQUARED
(df • 3)

ITEM
COHPlEX!TY
CODE

3.1d 3.2d 3.3d 3.4d (TOTAL)

1 11 11 2 (31) p ..: .10

2 10 5 2 (18) p ..: .05*

3 I, 0 ( 6) > .10

4 0 2 2 0 ( 4) p ,. .10

0 0 0 ( 1) p » .10

(TOTAL) (22) (11) (23) (I,) (60) P ..: .01-

TAGLE' 5.5h TASK STRATEGY AHD ITEH CO~PLEXnY fOR 3 ELEMENT - 3 TRAHSFORHATIOII

KOHD~GE~ERATE GEOHgTRIC ANALOGY ITE,IS.
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undermined because of the small number of total
observations for each cell.

Further subdivision and analysis
task strategy association (e.g.t

of complexity code and
investigation by gender

and handedness, etc.), was decided against on the same
joint grounds advanced for not subdividing the complexity
code data (see the seotion stimulus complexity and the
Experimental Task earlier in this chapter), vis:- that
the laok of theoretioal justifioation for such analysis
would most likely yield equivocal findings, and that
further cross tabula'cionswould serve to over fragment each
of the four separate data sets (arising from the

the total data set on the basis of geometrio
thereby reduoing the number of observations

subdivision of
analogy type),
per cell (a procedure cautioned agairlstin the section The
Research Design of Sternberg's (1977) Geometric Analogy
Experiment ar.d its Relevance to the Present Research, in
Chapter 4).

The Cluster Analysis Pt"ocedures

The final issue to be investigated through analysis of the
experimental data is the extent to which clustering
techniques can' provide insight into the nature of the
processes that underlie performance on foroed choice
geometrio analogy tasks, how individUals differ in tJrms of
these processes, and the task characteristics that
influence these performanoe differences.

As noted in the section Conceptual and Methodological
Issues in chapteL 4, analogy solution and geometric
analogy solution in partioular, despite its long history of
inclusion on tests of aptitude and intellig'ence,has only
recently become the subjeqt of emi :ical and theoretical
~nalysis. Most ex~sting resear'chin the area hinges upon
sternberg's (l977) attempt to specifY the components of

21.B
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performance in this task, and has been constrained by
theoretical and methodological weaknesses. In particular
the repetitive use of a small number of hypothes.is
sophistioated sUbjects, the reduction of subjeots' solutbn
strategie.s into a componential mod..l on the basis of a
priori assumptions of sequential component execution, etc.

It has been the oontention of the present research that
theories of cognitive individual differences based upon
observations of small numbers of subjeots in repeated
measures designs involving large numbers of independent
variables are not particularly compelling, and an
alternative approach has been proposed through tile
application of an appropriate clustering algorithm on a
substantial data set.

Despite the praotical and mathematioal unoertainties of
cluster analysis disoussed in detail in the section
Individual Differences and cluster Allalysisin chapter 4,
it is contended that its use in the investigation of mental
workload influences on geometric analogy task performance
could prove most insightful.

At this juncture it is appropriate tn
explanation of· the olustering technique
present data analysis.

offer a full
applied in the

Of primary concern is the nature of the data to be
analysed. Clustering is only applioable to the four
response time data mat:ricesarising from the sUbdivision of
the total response time data matrix produced by the
experimental procedure. Applioation to larger data sets
including, for example, coding for gender, handedness,
sUbjeotive strategy,·subjeotive item complexity, etc., will
yield cluster solutions based on those variables; they are
likely to impose an immediate and strong basis to form a
perfect partitioning of the' data sets. Rather, the.
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clustering should be confined to the response time data
alone.

The Degenerate response ti~e data matrix oomprises 9
faotorial design conditions, each of the Semidegenerate
reaction time data matrices comprises "18 factorial design
conditions, and the Nondegenera',u analogy reaction time
data matrix comprises 54 factorial design conditions. Each
factorial
objects
perfectly
for each

design condition has 60 responSe times. The
to be clustered (subjects) thus each have a
standardised profile of ratio data observations
analogy type. No manipulation of this data is
to form standardised profiles and this will
the occurrence of distortions that may alter the

necessary
elimi.nate
true relationship between variables and within each data,
matrix.

It
and

is, of oourse, an aaaumpt.Lon that variation, structure
exist within each data matrix, and that this

structure and patt.ern is the result of the
pattern

variation,
experimental
assumed that

independent var'_ables. FUrthermore, it is
this structure and pattern will emerge within

each of the clustering solutions.

A related assumption is that there is interindividual
difference contained wit,hin the structure and pattern of
each data set but, betause the factorial design of the
matrices facilitates the detection of strategy c.hange
within an o»ject's profile, no undetectable intraindiviC!.ual
differences will occur. In practice this assumption means
that no individual will acquire membership of more than one
cluster or group, per clUster solution.

A final observation about each of the ,four data matrices is
that they oonsist exclusively of ratio data. This, coupled
with the standardised nature of soores fOJ;"each variable,
would warrant the seleotion of a clustering algorithm with
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millimal similarity transformations, such as a distance
metric.

All clustering
arithmetic, and

techniques involve a large amount of
would not be feasible without the aid of

modern - statistical computational packcages. The SAS
statistical computational package (SAS :rnstitute, 1985)
contains fourteen different clust~ring methods, eleven of
these being contained as options within a CLUSTER
proced~re. Each uf these fourteen methods differs in its
approach to providing a cluster solution, and each has
theoretical and methodological weaknesses and advantages.

.' Additional to the CLUSTER procedure, the procedure
FASTCLUS, also contained in the SAS package (BAS Institute,
1985), identifies disjoint clusters (a cluster solution in
which each object is assigned to only one cluster) using
MacQueen's (1967) k-means algorithm applied to co-ordinate
data. FA&TCLUS is especially suitable for large data se~s.

The FASTCLUS procedure selects a set of data poLnt.a 1:'

cluster seeds, one from each variable for each cluster.
These are used as "best initial guessl1 'to the means of the
clUsters (Anderberg, 1973). Each observation in turn is
then assigned ·to the nearest seed to form temporary
clusters; the seeds be~ng replaced by the cluster mean.
Th,is is repeated until no further chanqes occur in the
clusters.

This initialisation method gua:t:c'mteesthat if clusters
exist in the data set suoh that all distanoes between
observation.-; in
distances between

the same cluster are less than all
observations in diff~rent clusters, and

if the
FASTCLUS

oorl~ct number of clusters
algor.ithm always finds the

is specified, the
clustering solution

without iterat:ing(Milligan, 1980).
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When executing the FASTCLUS
specify the maximum number

procedure it is necessary to
of clusters (and thereby the

maximum number of initial oluster seeds) using a MAXC = n
opt::.on. In contrast to the C.LJSTERprocedure..where only
one run produces results from one oluster to n clusters,
t~e FASTCLUS procedure requires a separate run for each
number of clusters.

The FASTCl{iilprocedure option, DRIFT, ensures that after
initial seed selection each observation is assigned to the
cluster Witllthe nearest seed. Thereafter, the seed of the
cluster to whioh an observation is assigned is recaloulated
as the mean of the observations currently assigned to that
cluster, so that the cluster seeds "drift" about withiiithe
cluster rather than remain fixed for the duration of a pass
through thG data.

A further option, DELETE n, deletes cluster seeds to
which n or fewer observations have been assigned after the
DRIFT option has been completed, ar.1after each iteration.
However, cluster seeds are not leleted after final cluster
assignment of observation, thus facilitating the emergence
of clusters with less than n should the dissimilarity from
other clusters be strong enough.

To establish suitable stringency levels the FASTCLUS
procedure was run on all four response time duta sets, with
MAXC n, DRIFT and DELETE = 5 options, specifying each
maximum cluster from two through to 'twelve. All other
FAS~CLUS procedure options were left at default including
the default of one iteration. This produced a one oluster
solution for each of the four data sets.

These specifications were appalently too stringent, since a
one clUster solution fails to reveal variation, structure
or pa'ttern within each data matrix. Identical one oluster
solutions were produced when setting DELETE 4 and
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specifying
fifteen.
stringent.

each maximum cluster ~rom two through to
These specifications also appeared to be too

For present research purposes then, DELETE 3 was
specified, thus ensuring stringent cluster assignmen·t
whilst still allowing formation of small groupings (3 = 5%
of N = 60) should a cluster solution not heavily influenced
by single response (,ltliersinfluence their generation.

As an additional step for stringency the maximum number of
iterations was set at ten to more fully allow the DRIFT and
DELETE = options to fUnction.

using these specificat~ons, the clustering proc&jure was
run on each reaction time data set, for maximum initial
seed selections for each vaLne between two and tw·enty.

The resultant clUster solutions will be considered
separately for each a.nalogytype.

Degenerate
Solutions

Forced Choice Geometric Analogy Cluster

The specification
produced a one
specitication of
to be critical.
for the cluster

of two through to eight maximum clusters
cluster solution. However, the

nine and fifteen maximum clUsters proved
Table 5.6a shows brief summary statistics
solutions generated at these specified

maximum Cluster levels. For each cluster solution the
table shows the FASTCLUS Y~XC level responsible for
genel;"atinc;:;the solution, the frequency of observations
within the cluster, the root mean square across variables
of the olusteL standard deviations (equal to the root mean
square distanoe between
maximum distance
observation within

from
the

observations in the oluster) I the
the final oluster I"~ed to any
cluste.r,the number at t~e cluster
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9 677.0 4626.0

2 57 290.9 1500.0

15 1122.8 50/,1,.B

2 56 261.7 1513.3

......_

2 6107.0 108.40

CRITICAL CLUSTER SOLUnONS WITII OELETt-. OPTION FOR DEGENERATE GEOMETRIC AKALOGY ITEMS

MAxe = CLUSTER FREQUENCY RHS STU MAXIMUM DISTANCE FROK ~EAREST CENTROID PSEUDO
HUMBER DEVXAnON SEED TO OBSERVATION CLUSTER DISTANCE F

5107.0

2 4946.6 101.68

4945.5

------------------------------------------ __--------------------.-
TABLE S.6a SUMMARYOF r.RtTTr.AL CLUSWl SOLUTIONS II!TH DELF.TE... OPT!O~ FOR DEGE~[Ri\TE

GEOHETRXC ANALOGY ITEMS.



with mean closest to the mean of the current cluster, the
distance between the centroids (means) of the current
cluster and. the nearest other cluster, and the pseudo F
statistic for the cluster solution.

The ~3eudo F statistic (Rsqj(c-l)!(l - Rsq (n-c» (where
Rsg is the observed Rsquared, c is the number of clusters,
and n is the number of observations) was suggested by
Cal~nski and Harabasz (1974) as a measure that may be
applied in estimation of the number of Clu"lters. A basic
use is to look for peaks in the pseudo F statistic as an
indication of best estim~tes emerging from a solution
(Cooper and Milligan, 1984).

"

The two cluster solution produced by specifying a maximum
of nine initial cluster seeds is exactly replicated when a
maximum of ten through to fourteen initial cluster seeds
are specified. However the specification of a maximum of
fif'teen initial cluster seeds produces a new two cluster
solution through an adjustment of cluster membership with
one member moving from cluster 2 to cluster 1 and the
effects of marginally reducing the centroid distance
(closeness of tht;two cluster centres), modifying variable
means (general lowering) and standard deviations (ge~erally
bigger) . This' cluster solution is exactly retained for
each specified maximum cluster level from sixteen to
twenty, thus demonstrating the stability of the two cluster
solution.

Having accepted a two
establish which two
representative of the
algorithm; that ger
initial cluster sa Js

cluster solution, it is necessary to
cluster solution is the most

solutions provided by the clustering
ated by specifying a maximum of nine

or that generated by specifying
fifteen. There is strong similarity between these blo

solutions. The solution emerging from the specification of
a maximum of fifteen initial oluster seeds is, of course,
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the more robust and enduring solution, given the additional
initial
deciding
pseudo F
Milligan

cluster seeds. A more objective criterion for
the "best" solution lies with the magnitude of the
statistic (Calinski and Harabasz, 1974) which

and Cooper (1983) and Cooper and Milligan (1984)
report
thirty,

to be one of the three criteria out of a potential
for estimating the number of population clusters

using four hierarchical clustering methods in simulation
studies. It must be emphasised that this criterion will be
adopted when deciding on the "best" cluster solutions for
both of the semidegenerate, and the Nondegenerate data
sets.

In the present case the two cluster solution provided by
specifying a maximum of fifteen initial cluster seeds
yields the higher pseudo F statistic (181.68) and on this
basis will be adopted as the most representative of the
solutions provided by the clustering algurithm.

Upon closer examination of this solution it becomes
apparent that a clear basis exists for a two cluster
structure within the data set. Table S.6b sets out cluster
means and cluster solutions for both clusters. Most
noticeable is the fundamental distinction between a "fastll
cluster (2) and a "s1m'l" cluster (1). Albeit that the
partition is explicit, ther.e is little other evidence to
ind.1cate Whether the two clusters are merely a reflection
of differences in the speed of task performance alone or
whether there are other, deeper, information processing
constraints supporting this cluster structure. Since the
basis of the clust.eringalgorithm is to maximise separation
between clusters, the assumption~ of usual significance
tests, such as analysis of variance F tests, are
drastically violated (Aldenderfer and Blashfield, 1984).
consequently, they are not va:id for testing between
clusters to establish a basis for differences.
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COHOITIO/{

MEAN

SO

CLUSTER 1 ~EMS AHD STANDARD DEI'IATlOKS BY COMOriION

XEY; OSO M OEGENERATE SOLUTION 'rIKE ZERO CUE CONDITIOH.

052 = DEGENERATE SOlU I lON TIME TWO CUE CONDITION.

1£ 2 1 ElEMENT, 2E u 2 ELEMENrS, JE - 3 ELEM~MTS.

OSOI£
3437.50

0521£ 0522£ 0523£

2796.50 3191..25 3547.00

9B8.93 1208.73 1188.87

TA8LE 5.5b

0502E 0503E

1,158.75 4806.25

1070.87 1306.71 925.81

CLUSTER HEAWS AND STANDARO DEVIATIONS FOR EACH OEGENER)\TE !'AcronIAl

COXOITION.
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"

CLUSTER 2 KEAMS AND STANDARD DEVIATIONS BY CONDITION

KEY: DSO ~ DEGEHERATE SOLUTION TIMe' ZERO CUE CONDITION.

052 ~ DE&EHERATE SDLUTIOH nNE TIlO CUE CONDITION.

IE = 1 ,ELEMENT, 2E. 2 ELEMENTS, 3E _ 3 w,xtns.

~OHDlTIOH OSOIE DSOZE D503E DS21E 0522E DS23E

~m 16QJ,.41 IB03.91 2329.95 1195.B2 1400.29 161,8.80

~D 256.31 267.14 383.17 204.54 275.71 271.65

TABLE S.6b CLUSTER KEANS AHD STANDARD DEVIATIONS FOR EACH OEGE,ERATE "AGTORIAL

COHDITXON.
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Ho,>lever,as notied preVi01.1:5lyin this sect.Lon , it is an
essential assumption that emergent cluster solutions are
directly related to the pattern or structure inherent in
each data set, which in turn is the direct result of the
effects of the independent variables inherent in the
factorial experimental designs. On these grounds it
follows that any attempts to inspect for an information
processing fOUndation to the cluster solution should appeal
to these experimental variables; their main effects,
contrasts, and interactions.

Given that
statistics
previously
interpreting
to be less

direct behleen group analysis with , v ••ventional
is inadvisable and invalid, for the reasons
out.Ld.ned , the problem of examining and
the foundation for cluster difference appears
quantitative and moce qualitative on a within

cluster basis. consequently analysis is restricted to
qualitative within cluster analysis using the same ANOVA,
CONTRAST and PROFILE procedures employed in the analysis of
each of the four reaction time data sets (see the section
The Main Experbnent earlier in this chapter for a
discussion of these procedures).

Accordingly, Table
profiles for the
adopted cluster

5.6c sets out a summary of ANOVA
two cluster membership defined by the

solution, whilst Table 5.6d contains a
summary of CONTRAST and PROFILE outputs for each cluster.

Interpretation of the statistics in Tables 5.6a - 5.6d will
be returned in tl.e section Clusters and stimulus
Properties in Chapter 6 (Discussion).

Se:midegenerate (A:A::13:B) Forced Choice Geometric Analogy
Cluster solutions

The specification of two through to eleven maxi.mumclusters
produced a one cluster solution. However, the
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ANOVA PROFILES BY CLUSTER FOR DEG.!:N£RATE GEOMETRIC ANALOGY DATA SET

KEY; CUE = CUE CONDITIO/, (ZERO .. nlD) (N = 2)

ELEHE1IT D NUHBER OF ELEKEh',., PER TERK (~ = 3)

LEVELS OF SIGHIFICANCE; p < = .05*; p <= .01" ...·;

p -< ... 001·.....; p <=.0001-

ISOURCE OF VARIAHGE CLUSTER 1

(p)

CLUSTER 2

(p)

----------------_._----------

0.0230*

o.oaop .......

a.ocot"*,,*

DATA SET.

TMLE 5.6c AHDYA PROFILES BY CLUSTERS FOR DEGENERATE GEOKORIC ANALOGY RESPO~SE TIME
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AHOYA CONTRAST BY CLUSTER FOR OEGEHERAT£ GEOMETRIC ANALOGY DATA SET

KEY; CUE. CUE CONDItIoN (ZERO vs TWO) (H =Z)
ELEMENT = flUHBER OF ElEHEHTS PER TERM (~ = 3)

LEVELS OF SIGNIFICANCE; P <. = .05*; P ~- .01**;

P -<" .00I**""; p <. = .0001~-""l!'

~OURCE OF VARIANCE CLlISTER 1 CLUSTER 2

(p) (PI..'
~UE 1 vs CUE 2 0.0028·>-* 0.0001-

ELEMENT 1 vs ELEMENT 2 0.0476* O.OOOl*lt-lt-*

LEHENT 1 vs ELEMENT 3 0.0032** o.n(\~·**»

LEMENT 2 vs ELEMENT 3 0.0177* o .OOu1-

T.IBlE 5.6d MOYA cOlnRASTS BY CLUSTERS Fon DEGENERATE GEOMETRIC ANALOGY RESPONSE

TIME UATA SET.
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specification
cri"t:ical.
the cluster

of t\'lelvemaximum clusters proved to be
Table 5.7a shows brief summary statistics for
solutions generated at this speoified maximum

cluster level.

The three cluster solution produced by specifying a maximum
of twelve initial cluster seeds is exactly re·tainedfor
each specified maximum cluster level from thirteten to
twenty.

The three cluster solution produced by specifying a maximum
of twelve initial cluster seeds yields a pseudo F
statistics of 153.16.

Table 5.7b sets out eluster means and cluster solutions for
each of t' e three clusters. Again, albeit that the
partitioning is explicit, there is little other evidence to
Lndi.cat;ewhether the three olusters are merely a reflection
of the differences in the speed of task performance alone,
or whether there are otherI deeper information processir..:_r
constraints supporting this cluster structure.

Given that direct between group analysis with conventional
statistics is inadvisable and invalid, for the reasons
previously outlined, once again the problem of examining
and interpreting the foundation for cluster difference
appears to be less quantitative and more qualitative on a
within cluster basis. Consequently analysis is restricted
to qualitative within cluster analysis using the same
ANOVA, CONTPAST and PROFILE procedures as tnose applied to
the Degenerate data set partitioned on cluster membership
of each objeot (aubject.).

Accordingly, Table 5.7c sets out a summary of ANOVA
profiles for the three cluster membership defined by the
adopted cluster solution, whilst Table 5.7d contains a
summary of CONTRAST and PROFILE outputs for each cluster.
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.-----~----.----------------------------------------------
CRITICAL CLUSTER 'SOLUTlQWS lIITH DELETE. OPTIOH FOR SElIIOE6E~ER'\TE (A:A::B:S) 6£OXETRIC MAL06Y·

HEllS

12 438.5 3878.S 2 1992.3 153.16

I---~----'--------------":_- - --------1
XA;(C - CLuSTER fREQU£~C'i R~S 510 lIAXIKUX OISTAKCE fROX _EAR EST CEHROIO PSEUOO

XUMBER OEYlATIO. SEED TO 08SERYA nOM CLUSTER OIST.\KCE F

2 287.6 1731.2 1992.3

3 3 771.0 6,57.1 12966.3

TABLE S.7a SUM)!~RY OF CRITICAL CLUSTER SOLUnOMS VrrH DELETE", OPTIOX fOR SEXIOE6ENERATE

(A:A::8:B) GEOMETRIC AHlOGY ITEMS.
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CLUSTER 1 HEMS AHD STANOARO OEVIATIONS BY COMonrON

KEY; SAO ~ SEMIOEGEHERAT£ (A:A::B:B) SOLUTION flR£ URD CUE COMOlTIOH.

SA2 ~ SEKIDEGENERATE (A:A::6:B) SOLUTION 11M!: TIIO CUE CONDITION.

IE ~ 1 [LEMENY. 2E ~ ELEMENTS, 3E M ELEMENTS.

1T ~ 1 TRANSFORMATION. 3T ~ 3 TRANSfORMATIONS.

COHOraOH SA01E1 T SMIDT 5A02E1T 5A02E3T SA03£1T SA03E3T

HEAl! 2194.21 2771.35 2572.27 3150.79 3032.09 383~.21

50 322.80 453.16 387.69 519.53 499.02 611.03

CONOITION SA21£IT SAZIE3T SA22ElT SAnE3T SA23EIT SA23E3T

MEAN 1556.27 lB97.61 1817.97 2279.27 2097.09 2730.56

SO 313.43 434.42 332.54 361, .19 442.67 479.06

COijDITIDH.

TABLE 5.7b CLUSTER MEAMS AND STANDARO Oe:VIATICIIS FOR EACH SEIHDEGEHERATE (A:A::B:8) FAC10RIAL
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CLUSTER 2 !lEANS ',NO STANDARDS CEVIATIOIlS BY CONDInON

r.n; sAO = SElllOEGENERATE (A:A::9:B) SOLUTION TIKt ZERO CUE COIIDIIION.

SAZ = SEMIOEGEliERATE (A :A::0:8) SOLUTlotl TIRE TWO CUE CONOInON.

IE = 1 ELEHENT, 2E = ELEKENTS, 3E = ELEHENTS.

IT = I TRANSFORMATION, 3T = 3 TRANSFORMATIONS.

cOUDInON ShOlEIT SA01E3T SA02ElT 5A02£3T SA03£! T SA03£3T

KE"N 1785.63 2203.96 2039.75 21,50 .21 2235. i!S 2960.33

SO 279.58 365.',3 215.33 280.~1 342.73 345.35

CONDITION SAl1E1 T 5A21£3T SA22ElT SA22E3T SA23H T SA2JE3T

HEAN 1230.50 11.00.67 1/,1\.50 1872.38 1557.08 2086.50

SO 257.99 300.56 26/,.45 167.66 310.25 260.69

TAOLE 5. 7b CLUSTER MEANS AND STAlJDARD DEVIA nONS FOR EACII S£.IIEDEGENERATE (A: II: :8: B)

fACTORIAL CONDITION.
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CLUSTER 3 MEANS AHD STANDARD DEVIATIONS 8" CONDITION

KEY; SAO ~ SEHIDEGEHERATE (A:A::B:B) SOLUTION TlKE ZERO CUE COHOITIOH.

SAZ _ SElIlDEGE'IERAT£ (A:A::9;6) SOLUTION TIllE TWO CUE cONOinOH.

IE _ I ELEMEn. 2E = ElE»EHTS. 3£ = ELEMEHTS.

IT _ t TRAU~(ORHATIOH. 3T = 3 TRANSfORMATIons.

~OHDITIOH SAOIEl T SA01E3T SA02EIT SAOZE3T SA03El r SA03EJr

IIEAN 4504.00 6116.33 5896.33 8554.67 .5873.:13 9269.00

SO 705.89 653.49 784.1,0 505.11 536.37 704.22

CONOITION SA2lEIT 5A21E3T SA22ElT SA22E3T SA23El T SA23E3T

HEAR 3394.00 4824.33 4450.00 6928.67 50B1.33 7642.67

SO 571.34 1476.01 788.77 602.53 722.33 735.96

TA8LE 5.7b CLUSTER HEANS AHD STANDARD DEVIATIONS FOR EACH SEHIDEGEHERATE (A:A::8:8j

FACTORIALCONDITION.
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Interpretation
be retu:.:ned

of the statistics in Tables 5.7a - 5.7d ",ill
in the section Clusters and St.i..mulus

Properties in Chapter 6 (Discussion).

Semidegenerate (A:B::A:B) Forced Choice Geometric Analogy
Cluster Solutions

The specification of two through to seven maximum clusters
produced a one cluster solution. However, the
specification
be critical.

of eight and ten max+raraclusters proved to
Table 5.8a shows brief summary statistics for

the cluster solutions generated at these specified maximum
cluster levels.

The two cluster solution generated by specifying a maxi~um
of eight initial cluster seeds is exactly replicated when a
maximum of nine initial seeds is specified, However, the
specification of a maximum of ten initial clUster seeds
l"lads to a new'two cluster solution through an adjustment
of cluster membership, with three members moving from
cluster 1 to cluster 2 and the effects of increasin.gthe
centroid distance, modifying variable means (general
increase) and standard deviations (generally smaller). The
two cluster solution generated by specifying a maximum of
ten initial cluster seeds is exactly replicated through the
two solutions obtained by sp lcifying a maximum of eleven
and twelve initial cluster seeds.

However, wi'th the specification of a further, thirteenth,
maximum initial cluster seed, the algorithm re-establishes
exactly the same solution obtained by the specification of.
a maximum of eight initial cluster seeds, and this is
retained exactly through the solutions produced by
specifying a maximum of fourteen through to blenty initial
cluster seeds.
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ANOVA PROFILES BY CLUSTER FOR SEKIOEGEI1ERATE (A:A: :8:S) GEO~ETRIC ANALOGY DATA SET

KEY; CUE = CUE CONDIHON (ZERO vs TWO) (N = 2)

ELEMEHT = HUMBER OF ELEHENTS PER TERM (N = 3)

TRANS ~ NUMBER Of TRANSOR~ATIONS SET~EEH TERMS (N = 2)

LEVELS OF SIGNIFICANCE; P <= .05*; p <= .01**;

p < = .001-l<**; p ,,= .0001****

.
SOURCE OF VARIANCE CLUStER 1 CLUSTER 2 CLUSTER 3

(p) (p) (p)

CUE 0.0001**** 0.0001*""* 0.0178*

ELEHEllT 0.0001- 0.0001**** 0.0089-

TRAilS 0.0001 **** O.OOOI"*"* 0.Q039**

CUE * ELEMENT 0.0026** 0.0237* 0.3349

CUE * TRANS 0.013B* 0.1288 0.0701

ELEMENT" TRANS 0.0025** 0.0004*** 0.0233*

CUE * ELEHENT * TRANS 0.6920 J .1114 0,6024

TABLE S. 7c AHOVA PROfILES BY CLUSTERS r.OR SEHIllBiEHERATE (A:A: :8;8) GEOMETRIC ANALOGY

RESPONSE TIKE DATA SET.

, :
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ANOVA CONTRAST BY CLUSTER FOR SEKIDEGENERATE (A:B::B:B) GEOKEfRIt ANALOGY
DATA SET

KEY; CUE a CUE cnsorrn» (ZERO VS TWO ) (N a 2)

ELEMENT a NUKBER Of ELEMENTS PER TERM (M • 3)

TRANS a NUMBER OF TRAHSFORHArress B£TWiererH TE!fIlS (N a 2)

LEVELS OF SIGNIFICANCE; p <= .05*; P <= .01**;

P <= .001 .... ".; p <= .0001 ........

SOURCE OF VARIANCE CLUSTER 1 CLUSTER 2 CLUSTER 3
(p J (p) (p)

CUE 1 vs CUE 2 0.0001-""" 0.0001**** 0.0175"

ELEMEtlT 1 vs ELEMENT 2 0.0001- 0.0001**** 0.0793

ELEMENT 1 vs ELEMENT 3 o . 000 1**"* o .000 1**"* 0.0045**

ELEMENT 2 Va ELEMENT 3 0.0001- 0.0001- 0.3050

TRANS 1 vs TRAilS 2 0.0001- C .0001**** 0.0039**

TABLE 5.7d ANOVA CONTRASTS BY CLUSTERS FOR SEHIOEGENERATE (A:A::B:B) GEOHETRIC ANALOGY

RESPONSE TIKE DATA SET.
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CRITICAL CLUSTER SOlUrrOIS i'ITH DELETE;:; .OPTIOK ~OR SE/iIDE6nERATE (A:S::,1:8) 6EOXElRIC A~AlDGY
!TEllS

..
I HAXC .:: CLUSTER FREqUE)lC( RRS SID ~AXIXUM DISTAHCE FRon IURES'l CEHROIO PSEUDO

HUMBER OEYIATIOM S£EO TO OBSERVATION CLUSTER OISTAXCE F

8 1 6 1.819.2 9865.7 2 9077.3 59.68

2 5~ 605.4 4231.5 1 9077.3

10 1 3 1133.9 7379.8 2 13696.2 90.46

2 57 68[.3 5787.5 1 13596.2

.'

TABLE 5.8a SUMMARY OF CRITICAL CLUSTER SOLUTIONS YrTH OELETE= OPTIOW FOR SE)\IDE6£~ERATE

(A:8:;A;B) 6EQ"ETRle AMAL06Y ITEMS.
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Having accepted a two cluster solution, it was opce again
necessary to establish which two cluster solution was the
moat; representative of the solutions produced by the
clustering algorithm; that generated by specifying a
mazimum of eight initial cluster seeds or that generated by
specifying ten. Again, magnitude of the pseudo F statistic
was adopted as the criterion for deciding the "best"
solution. In this case the two cluster solution provided
by specifying a maximum of ten initial cluster seeds yields
the higher pseudo F statistic (90.46) and on this basis
will be adopted as t.hemost representative of the solutions
provided by the clustering algo1:'ithm.

Upon closer examination of tbis sclution
apparent ·that a very clear basis exists;for a
structure within the data set. Table 5.8b sets
means and cluster solutions for both clusters.
case when examining the Degenerate forced ci.o ioe geometric
analogy two olnster solution, most noticeable is the
fundamental distinotion between a "fast" oluster (2) and a
"slow" cluster (1). Again, albeit that the partition is
r.xplicit, there is little other evidence. to indicb.te
whether the tvlo clusters are merely a reflection of
differenoes in the speed of task performance alone, or
whether there are othdr, deeper information prooessing
constraints supporting this cluster structure.

it becomes
two oluster
out cluster
As was the

Given that direct between group analysis with oorrventid.onaL
statistics is inadvisable and inva}id, for the reasons
previously outlined, once again, tl1eproblem of examining
and interpre"t:ing the foundation for cluster solution
appears ·t.obe less quantitative and more qualitative on a
within cluster basis. consequently, the strategy will
again be to restrict analysis to qualitative within cluster
analysis using the same ANOVA, CONTRAST and PROFILE
procedures as those applied to the Degenerate and
semidegenerate (AlA::B:B) reaction time data sets
partitioned on oluster membership of each object (subJect).
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Cl.USTER'"1: KEANS AND STANDARD DEVIATIONS BY CONDITlON

KEY; 580 = S£KIOEGEHEnAi£ (A:8::A:B) SOLUTIO/! TIME"ZERO CUE CONDITION.

SBZ .. SEHIOEGENERATE(A:B: :A:S) SOLUTION nxs 1110 CUE CONDInON.

IE .. 1 ELEHF.n, 2E .. 2 El.E)lENTS, 3£ M 3 ELEKEHTS.

1T = 1 TRANSFORMATION, 3T = 3 TRAHSFORKAllO~:.

COHDITION S801E1T S801E3T 5802£1 T , SB02E3T S803El T 5803£3T

HEAN 5837.3 6858.7 6212.7 8752.3 9067.7 10236.0

" SO 1072.08 1518.29 815.46 485.55 1043.72 1114.06

COHDITION 5821£1 T 5B21£3T S822El T SB22Ell 5823£1 T 5823E3T

HEAU 4801.0 5707.7 5116.0 7186.0 6099.3 8135.0

~D 779.1,9 1470.39 1212.1,4 1586.38 557.75 1293.12

TABLES.8b CLUSTER HEAMS AND STANDARD DEVIATIONS FOR EACh SEHIGEI;ERATE (A:B: :A:8) FACTORIAL

COHDITION.
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ClUSTEH 2 HEANSAND STANDARDOEVlAlIDNS OY CONDITION

KEY; S80 ~ SEHIOEGENERATE(A:0::A:8) SOLUTION TIME ZERO CUE CONDITION.

S8Z ~ SEHIOEGENERATE(A:0::A:8) SOLUnON TIME rvo CU€ CONonION.

1£ ~ 1 ELfHf:HT, 2E - 2 ELENENTS 3£ - J tLEHEHTS.

IT _ 1 TRANSFORHATiON,3 T - 3 tRANSfORMATIONS.

OHOIrION S801El1 S801E3T S802E1T 5802£31 S003EIT S003E3T

fAH 2537.2 3190.9 2947.3 /.007.7 3494.8 5188.5

D 483.17 5Z1.60 533.70 9/10.90 666.45 1285.60

OHDnION 5821E1T S821E3T S822E1T SB22E3T 5B23E1T 5823£.3T

EAN 1806.1 2/.15.6 2301.1 33ftl.7 2625.0 3707.5

D 403.61 643.36 431.71 587.87 512.69 647.53

TA8LE 5.8b CLUSTERHEANS AND STANDARDDEVIATIONS fOR EACIl SEKIOEGEHERATE (A:D::A:O)

FACTORIAL CONDITION.
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Accordingly, Table 5.8c sets out a summary of AMOVA
profiles for the two oluster membership defined by the
adopted cluster solution, whilst Table 5.8d contains a
summary of CONTRAST and )?ROFILEoutputs for each cluster.

Interpretation of the statistics in Tables 5.8a - S.8d will
be returned to in the section Clusters and Stimulus
Properties in chapter 6 (Discussion).

Nondegenerate
Solutions

Forced Choice Geometric analogy Cluster

The specification of two and three maximum clusters
produced a one cluster solution. However, the
specification of four and eight maximum clusters proved to
be critical. Table 5.9a shows brief sunmary statistios for
the cluster solutions generated at these specified maximum
cluster levels.

The three cluster solution generated by specifying a
maximum of four initial cluster seeds is exactly replicated
when a maximum of five through to seven initlcl seeds is
specified. However, the specification of a maximum of
eight initial cluster seeds leads to a new three clus·ter
solution through an adjustment of cluster membership, with
one member moving from cluster 2 to cluster 1 and the
effects of marginally increasing the centroid distance,
modifying variable means (general lowering) and standard
deviations (generally bigger). The three cluster solution
generated by specifying a maximum of eight initial cluster
seeds is exactly replicated in the two cluster ~olutions
o):)tainedby specifying a maximum of nine, and ten initial
cluster seeds.

However, with the specification of a further, eleventh,
maximum initial cluster seed, the algorithm re-establishes
exactly the same solution obtained by the specification
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ANaVA PROFILES BY CLUSTER FOR SEHIOEGENERATE (A:B!:A:B} GEOMETRIC ANALOGYOATA SF.T

KEY; CUE _ CJE CONDITION (Z~RO YS TIIO) (N - 2)

ELEMENT _ fll:HBER OF ELEMENTS PER TERM (N=3)

TRANS ~ HUMBEROF TftAHS,f.... ·TIIJNS aETlIEEN IERKS (N - 2)

LEVELS OF SIGNIFICANCE; P <: ... 05"': p <. = .01**;

P 0(.= .001***; P<::; .0001 ............

SOU.RCEOF VARIANCE CLUSTER 1 \. ~STEP ;_
(p) (p I.

CUE 0.0038"* 0.0001' ... ·H·

ELEMENT 0.0171* 0.0001-

TRANS 0.0235'" 0.0001~"_

CUE * ELEMENT 0.OB61 0.0001""'"

CUE * TRANS 0.7431 O.OO.OB"*'"

ELENENt ... TRANS 0.0520 O. OOO~·~·"*"

CUE .J<- ELENENT * TRANS 0.1209 0.0001' ...·"*

TABLE 5. Be ANOVAPROFILES ay CLUSTERS FOR SEKIDEGEHERATE (A:B ::A:B) GEOMETRICANALOGY

RESPONSETINE DATA.

e-
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ANOVA CONTRAST BY CLUSTER FOR SEMIDEGENERATE (A:B::A:O) GEOMETRIC ANALOGY DAiA SET

KEY; CUE _ CUE CONDITION (ZERO vs TIIO) (N - 2)

ELEMENT _ NUMBEROF ELEHEIHS pER TERH (N=3)

TRANS ~ NUHBEROF TRAHSFOhMTIOHS BETWEElI TERMS (N • 2)

LEVELS OF SIGNIFlCANCE; p.:: •• OS.. ; p < - .01 .... ;

p < = .001 ...... ·; P< "'.0001 ........

CLUSTER 1
(p)

SOURCE OF VARIANCE CLUSTER Z
(p)

CUE 1 vs CUE 2 O.0035H 0.0001****

ELEMENT 1 vS ELEMENT 2 0.0504 0.0001-

El.EMENT 1 vs ELEMENT 3 0.056/1 O.OOOIlHH!*

ELEMENt 2 vs ELEMENT 3 0.0778 o •000 l"~-lHH(.

TRANS 1 vs TRANS 2 0.0235·~ O.OOOl·~*

TAOLE 5.9d ANOVA coNTRASTS BY CLUS1~~~ FOR SEHlDEGENERATE (A:8: :A:B) GEOHETRIC ANALOGY

RESPONSE TIME DATA SET.
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CRITICAL CLUSTER SOLUTIO.S IIITH OELEi(" OPTIOt FOR MO~Dt6EMERATt GEOXETRIC AUL06Y ITEKS

.

XAXC ~ CLUSTER FREQUEHCY RXS STD XAXI~UX DISTAMCE FROX lEAREST CEHinOIO PSEUDO
WUXBER OEVIA TION SEED TO OBS(RVATlO~ CLUSTER DISTANCE F

It 1 31 814.1 791,5.6 2. 8304.7 65.40

2 24 647.7 5016.2 1 8304.7

3 5 1600.5 11865.3 1 19328.7

8 1 32 815.5 8386.4 2. 831,1.0 55.27

2 23 538.5 511,0.2 1 8341.0

:I 5 1500.5 12509.4 1 19446.3

TABLE 5.9a SUMMARY OF CRljICAL CLUSTER SOLUTIO~S 'iITH OELEIE=; OpTION FOil IOMC€GEMERATE

GEOXETRIC ANALOGY ITEMS.
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of a maximum of four initial cluster seeds, and this is
retained exactly through the solutions produced by
specifying a maximum of twelve through to twen·tyinitial
cluster seeds.

Having accepted a three cluster solution,. it was once again
necessary to establish which three cluster solution was the
most representative of the sol.utionc provided by the
clustering algorithm; that generated by specifying a
maximum of four initial cluster seeds or that generated by
specifying eight. Again, the magnitude of the pseudo F
statistic was adopted as the criterion for deciClingthe

"

"best" solution. In
solution provided by
cluster seeds yields

the present case the three cluster
specifying a maximum of four initial
a slightly higher pseudo F statistic

(65.40) and on this basis will be adopted as the most
representative of the solutions provided by the clustering
algorithm.

Table 5.9b sets out cluster means and cluster solutions for
each of the three clusters. Again, albeit that the
partitioning is explicit, there is little other evidence to
indicate whether the three clusters are merely a reflection
of differences in the speed of task performance alone, or
whether there are other, deeper inforntation processing
constraints supporting this cluster structure.

Given that direct between group analysis with conventional
statistics is inadvisable and invalid, for the reasons
previously outlined, once again, the problem of examining
and interpreting the foundation for cluster solution
appears to be less quantitative and more qualitative on a
within cluster basis. Consequently, analysis is restricted
to qualitative
ANOVA, CONTRAST
the Degenerate,
sets partitioned
(subject)•

within cluster analysis using the same
and PROFILE procedures as those applied to
and both Semidegenerate reaction time daca
on clu.ster membership of each object
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CLUSTER 1 HEAIIS AHD STANDARD DEVIATIONS BY CUNDITION

KEY; NSO - llONDEGENERATE SOLUTION TINE ZERO CUE CONDITION.

NS2 = HONOEGEHERATE SOLUTION TIME TWO CUE CllNDInO~.

1E = 1 ELEMENT, 2E - 2 ELEMENTS, 3E = 3 ELEMENTS.

IT - 1 TRANSFOr.XATrON, 2T = 2. TRANSFORMAnONS, 3T = 3 TRANSFORMATIONS.

ONOITION HSOlEll IIS01E2T H501E~T NOS2E1 T HS02E2T IlSe2E3T

EAII 3401.7 4540.3 5454.7 411t9.9 5241.15 7905.2

bo 702.86 609.51 841.20 600.74 8/,5.06 954.02

~OHOITIDH IIS03£1 T HS03E2T N503£3T HS21EH »S2·1E21 11521£3T

~tAH 5097.8 8029.25 9160.95 2163.2 2851. 75 3697.3

0 71/t.83 1159.60 761.1,6 611t.66 626.3 782.55

OHOITlON IIS22£1 T N522E2T 115221031 NS23E1T IIS23E2T IIS23E3-1"

EAN 306/,.0 3628.4 4847.65 3413.55 4407.85 5529.3

0 491.88 895.66 993.39 728.06 1120.21 824.68

TABLE 5.91> CLUSTER HEANS AND STANDARD DEVIATIONS FOR EACII NONDEGENERATE FACTORIAL

CONDITION.
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CLUSTER 2 KEANS AND STAHDARD DEVIATIONS BY CONDITION

KEY; NSO .. NOHDEGEHERATE SOLUTION TIME. ZERO CUE CONDITION.

HS2 = NONOEG£NERATE SOlunON TIME TIiO CUE COHol T10N.

IE = 1 ELEMENT, 2.E - 2. ELEMENTS, 3E = 3 ELEMENTS.

1T = 1 TRANSFORMATION, 2T ~ 2 TRANSFORKATTONS, 3T = 3 TRANSFORMATIONS.

,

CONDITION NS01ElT NSOlE2T NS01E3T NS02E11 NS02(2T HS02EH

HEAN 2881.5 3633.55 4091.25 3282.85 4769.0 5448.7

SO 411.24 414.86 676.75 446.87 669.77 1007.39

CONOITION NS03E11 N503E2T NOS3E3T NS21E1 T HS21E2T HS21E3T

MEAN 4068.85 5112.4 6342 15 1868.15 2152.05 3153.0

SD 699.14 771.28 1297.01, 1,98.39 51,0.95 451.32

CONDTnON NS22E1 T .L2E2T NS22E3T H$23E1T NS23£2T NS23E3T

MEAN 2587.25 3030.0 3820.1,5 2835.1 3597.65 4297.35

SO 386.41 516.1.4 509.91 525.73 584.18 502.95

TA8LE 5. 9b CLUSTER KEANS AND STANDARD OEVIA nONS FOR EACH HONDEGEHERATE FACTORIAL

CONDITION.
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CLUSTER 3 KEANS AND STANDARD DEVIATIONS BY CON~liIOH

KEY; NSO - NONDEGENERATE SOLUTION TIME ZEIlO cut CONOITION.

HS2 = HONDEGENERAiE SOLUTION TIKE TWO CUE CONOITION.

IE = 1 ELEMENT. 2E = 2 ELEMENTS. 3E = 3 ELEMENTS.

IT = 1 TRANSFORMATION, 2T = 2 TRANSFORMATIONS. 3T - 3 TRANSFORMATIONS.

CONDItION NS01E1 T NS01E2T NOS1E3T HS020 T NQS2E2T NS02E3T

HEAN 6027.8 7124.1 Si36.1 6877.4 9226.4 12031.3

SO 1982.9 2208.33 1768.91 1,25.11 1358.7 1132..56

COHDITION NS03E1 T NS03E2T NSQ3E3T H521ElT NS21£2T N521[3T

HEAN 9583.1 11871.1 13646.3 451$.6 5355.5 5932.1

SO 2806.06 596.61 1445.2"1 1552.27 1888.77 1791. 71

CONDITION NS22E1 T N522E2T NS22E3T NS23El T NS23E2T NS23EJT

HEAN 5073.4 5705.9 51,05.4 6122.0 7834.8 9276.4

SO 1751,.60 1328.(,5 762.77 2070.00 1291,.23 1120.65

TABLE 5.9b CLUSTER HEANS AND STANDARD DEVIATIONS FOR EACH NONDEGENERATE FACTORIAL

CONDITION.
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Accordingly, Table 5.9c sets out a summary of ANOVA
profiles for the three cluster merobersbipdefined by the
adopted cluster soLut.Lon , whilst Table 5.9d contains a
summi'lryof CONTRAST and PROFILE outputs for each cluster.

Interpretat;:""nof the statistics in Tables 5.9a - 5.9d will
be returned ~o in the section, Clusters and Stimulus
Prope1~ies in Chapter 6 (Discussion).

Finally, in order to estaplish whether the basis for
clustering has bBen prescribed by some other partitioning
variable, a series of nonparametric tests were conductredon
the cluster solutions pertaining "to each of the analogy
types.

At this point, however, it should be mentioned that there
was no attempt to investigate the relationship between
cluster membership and handedness, given t.hatonly (three)
subjects (5%) were recorded as being predominantly left
handed.

For the Degenerate two cluster solution, a binomial two
·tail test failed to reveal a significant association
between clUster membership and gender at the 10 per cent
significance level. Furthermore, neither the association
between cluster membership and subjective item complexity
code group, nor that between cluster membership LInd
subjective strategy code group was shown to be significant
at the 10 per cent significance level, employing the same
nonparametric test.

For the semidegenerate (A:A::B:B) three cluster solution, a
binomial two t.ail test failad to reveal a significant
association between cluster membership and gender at the 10
per cent significance level. Similarly, chi-squared tests
of association betWeen cluster membership and subjective
item complexity code group, and between cluster membership.
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ANOVA PROFILES BY CLUSTER FOR NONo£GEHERATE GEOMETRIC ANALOGY DATA SET

KEY; CUE = CUE CONonloN (ZERO vs 1110) (N...2)

ELENENT a NUMBEROF ELEMENTS pER TERM (H = ~)

TRANS ~ HUHBER OF TRANSFORHATlo~S BETWEEN fERMS (H~3)

LEVELS OF SIGNIFICANCE; P <; ... 05*; p < = .01-;

p < = .001***; P ..: = .0001- ......

SOURCE OF VARIANCE CLUSTER 1 CLUSTER 2 CLUSTER 3
(p) (p) (p)

CUE 0.0001*""* 0.0001- 0.0001'****

ELEMENT 0.0001- O.OOOP"'** 0.0001-

TRANS 0.0001-· . 0.0001- ...... 0.0001-

CUE * ELEIIENT 0.0001'*** 0.00.02l1-H< 0.0011**

CUE * TRANS 0.0001***-lE- O.OOOlH ...... 0.0022-

ELEMENT ... TRANS 0.0001- 0.0001- 0.03B8*

CUE * ELEHENT * TRANS 0.0001- 0.0001*"'** 0.1366
'.

TABLE 5.9c ANOVAPROFiLES BY CLUSTERS FOR NONOEGEHERATEGEOMETRIC ANALOGYRESPONSE

TIME DATA.
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ANOVA CONTRAST BY CLUSTER FOR NOHDEGENERATE GEOMETRIC ANALOGY DATA SET

KEY, CUE ft COE CONDITION {ZERO vs TIIO) (N ~ 2)

ELEMENT - NUMBER OF ELEMENTS PER TERM (N.3)
TRANS - NUMBER O. lRANSFORHAHONS BETWEEN TERNS (N _ 2)

LEVELS OF SIGNIFICANCE; p" - .05*; p <: = .01 ..... ;

SOURCE OF VARIANCE CLUSTER 1 CLUSTER 2 CLUSTER 3
(p) (p) (p)

CUE 1 vs CUE 2 O. 000 1**"* 0.0001-~* 0.0001-

ELEHENT 1 vs ELEMENT 2 0.0001*"** U.0001- 0.0051>"*

ELEMENT 1 vs ELEMENT 3 O.OOOl_M·. 0.0001-- 0.0005·<-M*

ELEMENT 2 vs ELEMENT 3 0.0001- 0.0001""*'''' a • oo07f<*lt-

TRANS 1 vs TRAMS 2 0.0001*-" 0.0001 ........... a .0071*>·

TRANS 1 vs TRANS 3 0.r001"·,,** 0.0001- O. 0003"*'''

TRANS 2 vs TRANS 3 0..0001·*** 0.0001-** O.OOO~*"*

TABLE 5.9d AHOVA CONTRASTS BY CLUSTER FOR NOHDEGENERATE GEOMETRIC ANALOGY RESPONSE TIME

DATA SET.
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and subjective strategy code group failed to ,reveala
significant association at the 10 per cent level; though in
view of the number of cells with frequency counts of less
than five, this latter analysis may not be truly accurate.

For the
binomial

semidegenerate
two tail test

(A:B::A:B) two cluster solution, a
failed to reveal a significant

association between cluster membership and gender at the 10
per cent significance level. Furthermore, neither the
association between cluster membership and subjective item
complexity group, nor that bebreen cluster membership and

strategy code group was sbown to be significant
per cent significance level, employing the same

nonparametric test.

subjective
at the 10

Lastly,
binomial

for
two

the Nondegenerate
tail test failed

three cluster solution, a
to reveal a significant

association between o.Lust- r 11"" '.Jershipand gender at the 10
per cent significance J.o:::ve.l.. Similarly, chi-squared tests
of association between cluster membership and SUbjective
item complexity code group, and between cluster membership
and subjective strategy code group, failed to reveal a
significant association at the 10 per cent significance
level, though in view of the number of cells with frequency
counts of less, than five, this latter analysis may not be
truly accurate.

In sum the partitioning variables of gender, SUbjective
strategy offer noitem complexity and subjective

associative explanation for the basis of cluster membership
in any of the cluster solutions relevant to the "four"
forced choice geometric analogy types.

Chapter Summary

This chapter has presented an explanation of the rationale
su;'porting the chosen data analysis techniques employed in
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the present research, together with brief explanations of
the techniques themselVes and the presentation of results
yielded by these techn..ques.

An interpretation of these r~sults and a discussion of
their implications is cOlltainedin the following chapter,
Chapter 6 (Discussion).
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CHAPTER 6

DISCUSSION

Overview to Discussion of Results

In the section Overview to Data Analysis in chapter 5, it
was mentioned that analysis and subsequent results emerging
from the present research frame,vorkwould be presented in
accordance with a number of related questions ooncerning
the concepts central to analogical-reasoning, componential
analysis, mental workload, etc.

consistent with this ge~eral approach to the presentation
of research findings, the results of these data ar:alyses
will not be discussed in terms of discrete "facts" but,
rather, in terms of the related concepts that, throughout
the theoretical and conceptual discussions in chapters 2
and 3, have been suggested as central to the investigation
of mental workload influences on (Geometric) analogical
problem solving.

The first issue to be considered is that of stimulus
compLexity. Arguably t.his issue represents the most
essential factor in any experimental paradigm purporting to
address the issues of spatial cognition through judgements
about objeots, shapes and their transformations. It will
be recalled from Clv.pters 2 and 3 that much of the
equivocal nature of research findings in the crucial areas
of analogical reasonlng and mental workload have hinged
upon experimenters' a priori assignments of stimulus
properties along soma arbitrary criterion/dimension of
"complexity" (e.g., sternberg, 1977; Mulholland et al.,
1980) .
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Consequently the analysis of data and the interpretation of
effects of stimulus complexity in the design of the present
research is dealt with in the section Stimulus Complexity
and Task Performance later in this chapter.

SecondlYI the issues of experimental design, task demands,
individual differences and the opportunity for differential
task strategy, are all central to the clarity with which
any result may be discussed and generalised. These issues
are dealt with in the section Task structure and solution
strategy later in this chapter.

The combined outcomes of the discussions of the stimulus
co:mplexity and solution strategy issues are central to the
overall interpretation of the present experiment's findings
on any wider scale; for exarople, in terms of a theory about
analogical reasoning research, individu.al differences and
spatial cognition. This level of interpretation is dealt
with in the section "Componential Analysis" Revisited
later in the chapter.

The next two issues to be addressed are promoted by the
exploratory analysis of individual differences in spatial
cognition through the use of a cluster analysis technique.
Again, the issue revolves around the concepts of, firstly
stimuLus properties and the attendant evidence for an
interpretation' of cluster content on the basis of
subjective
the extent

self-reported solution strategies, and secondly,
to which the cluster solution can be '::sedto

account for patterns of true individual differences. These
two issues will be dealt with respectively in the sections
Clusters and stimulus Properties and Clusters and
Individual Differences later in this chapter.

The sixth issue to be considered is that of major concern
of the present research; ~he extent to whioh findings from
an apparently stable oognitive phenomenon, geometric
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analogy problem solving, can offer ~nsight into the
influence of mental ~lorkload variation on cognitive task
perforlllance. This issue will be dealt with in the section
Componential Analysis and Mental Workload later in this
chapter.

The last issue to be considered is perhaps the broad.est.
It was mentioned in Chapter 2 that although Sternberg's
theory of
into the

analogical
nature of

reasoning provided valuable insights

been excluded from
cognitive abilities, it has until now

research designed to investiga.tethe
workload. It is the contention of theconcept

present
of mental
research that sternberg's research could well

provide valuable information regarding the nature of task
structure, Information which oould serve to enhance the
present understanding of the oonoept;of mental workload. A
development such as this could stand to benefit future
research into the deveLopment;of strategies fort reducing
the mental workload experienced by operators of a1.ltomated
systems. This speoulation is dealt with in the section
Prospects for componential Analysis and l>IentalWorkload
Research later in this chapter.

Stimulus complexity and Task Performance

In Chapters 3 and 4 it was noted that central to the
componential interpretation of geometric analogy solution
is the hypothesis that a major indicator of item complexity
is the total time to solve an item. However, Mulholland et
al. (1980) state that their own rational analysis of
geometric analogy items found on standardised intelligence
tests indicatec'tthat item complexity was apparently related
to increases in both the number of elements:per term and
the number of transformations between terms illan item.
This observation suggests that item complexity can be
expressed in
from either

terms of faulty prooessing that may result
(or both) 'incorrect element or (and)

transformation identification and testing.
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Sternberg (1977), in his pioneering investigation of forced
choice geometric analogy solution, considered the amount of
precueing information supplied to subjects to be a major
index of item complexity. It was mentioned in Chapter 4
that the precueing procedure adopted by Sternberg (1977) in
his Geometric Analogy EXperiment, would be employed in the
present research procedure. Furthermore, it was contended
that employing such a precueing procedure would facilitate
the manipulation of task openness (uncertainty), with the
amount of pr€'':"'!einginformation supplied being indirectly
proportional to the degree of task openness, i.e., the more
cues provided, the less the degree of task openness.

The present study combines certain assumptions regarding
item complexity from the research of both Sternberg (1977)
and Mulholland et al. (1980), i.e., that geometrio analogy
item complexity is related to the amount of precueing
information supplied to subjects, the number of elements
per term of an item and the number of transformations
between terms of an item.

In the
complexity

present experiment, the definition of
Was dependent upon geometric analogy type.

:.....em
For

Degenerate items, complexity was defined in terms of cue
condition (zero. or two) and number of elements per term
(one, two or three), for semidegenerate items (both
vaxd.atd.one, i.e., A:A::B:B and A:B: :A:B) and Nondegenerate
items, complexity was defined Ln terms of cue condition
(zero or two), number of elements per term (one, two or
three) and number of transformations between terms (one or
three for both variations of the Semidegenerate items, and
one, two or three for the Nondegenerate items),

The incorporation of these dimensions of item complexity
into the design of the present experiment provides one
obvious method of assessing the stilnuluscomplexity effect,
through direct parametric analysis of response time;
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seeking main effects and interactions related to these
dimensions. In addition, the
post-test subjective rankings of
an opportunity to fUrther.examine

inclusion of pre and
item oomplexity provides
the relationship between

complexity and other experimental factors, for example,
analogy format.

The stimulus complexity issue will be considered separately
for each of the geometric analogy types.

stimulus complexi't:yand Degenerate Geometric Analogy Task
Performance

Table 5.2a (page 186) shows that in analysis of variance
for the Degenerate geometrio analogy faotorial data set,
strong, significant main effeots for cue condition and
number of elements per term arE'pr:-:.c",r,t in the data. Table
5.3a (page 190) shows that single degree of freedom
contrasts between CUe oonditions, and between number of
elements per term identify eLgnificant differenoes between
eaoh pair oomparison, whilst ~ ;uperficial scan of the
means set out in Table 5.1a (page 180) will indicate that,
in general,

condItion
solution times for items presented in the two

were faster than solution times for itemscue
presented in the
in the num~er

zero cue oondition, and that an increase
of elements per term was directly

proportional to an increase in solution time for items
presented in botn precueing conditions.

These effects correspond
experimental assumptions
the section overview to

with expect'tions based on the
of item oomplexity highlighted in
Disoussion of Results earlier in

this chapter. In addition, they are in aocordance with the
assumptions of both Sternberg (1977) and MUlholland at al.,
(1980) regarding geometric analogy item complexity.

Moreover, .T.able 5.2a (page
261

186) shows a strongly



significant interaction between cue condition and number of
elements per term, indicating that the effects of number of
elements per term vary significantly acrObS cue condition.
In fact, the means presented in Table 5.la (page 180)
indicate that for each element variation solution times for
ite.ms presented in the two cue cond.i.t i.on were faster than
ao Lirc Lon

condition.
times for items presented in the zero cue

Again, t.hese findings are consistent with the
experimental assumptions of item complexity.

stimulus complexity and Semidegenerate
Geometric Analogy Task Performance,

(A:A: :B:B)

Table 5.2b (page 187) indicates that in analysis of
variance for the Semidegenerate (A:A::B:B) geometric
analogy factorial data set, strong, significant main
effects for cue condition, numbnr of elements per term and
number of transformations betw<:!enterms are present in the
data. Table 5.3b (page 191) shows that single degree of
freedom contrasts between cue conditions, between number of
elements per term, and between number of transformations
between terms identify significant differences between each
pair comparison, whilst a superficial scan of the means set
out in Table 5.1b (page 181) will indicate that in general,
solution times for items presented in the two cue condition
were faster than solution times for items presentud in the
zero cue condition. Equally important, is that number of
transformations be't.ween terml~, rather than number of
elements per term, appeared to be the major determinant of
solution time for items presented in both zero and two cue
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conditions. Nhile an increase in the numbez of ele':nents
per term resulted in an increase in solution time; a
corresponding increase in the number of transformations
between terms was shown to have a more significant
influe.nce on solution time. Apparently evaluation of
transformations took more time than did element analysis
and was the primary source of increases in solution time.
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This finding is consistent with that of Mulholland et al.
(1980).

Moreover,
signific<,.nt

Table 5.2b (page 187) shows a strongly
interaction between cue Gondition and number of

elements per term, cue condition aOld number of
transformations between terms, and bet~een number of
elements per term and number of transfo:.."rttationsbetween
terms. In fact, the means presented in Table 5.1b (page
181, indicate that for each element variation and
simultaneous transformation variation, solution times Cor
items presented in the two cue condition were consistently
faster than solution times for items presented in the zero
cue condition. In addition, it is evident that the effects
of number of elements per term vary significantly across
variations in number of transformations between terms.
These findings are consistent with those of both Sternberg
(1977) and MUlholland et al. (1980).

stimulus complexity and Sel'lidegenerate
Geometric Analogy Task Performance

(A:B::A:B)

Table 5.20 (page 188) indicates that in analysis of
variance for the Semi·'egenera.te(A:B::A:B) geometric
analogy factorial data set, strong, significant main
effects for cue condition, number of elements per term and
number of transformations be·tweenterms are present in the
data. Table 5.3c (page 192) shows that single degree of
freedom contrasts between cue conditions, between number of
elements per term, and between number of transformations
between terms identify significant differences between each
pair
out

comparison, whilst a superficial scan of the means set
in Table 5.1c (page 182) will indicate that in general,

solution times for items presented in the two cue condition
were faster than solution times for items presented in the
Zero cue condition. Furthermore, as was found when
examining the mean solution t:i.mesfor the Semidegenerate
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(A:A::B:B) items, number of transformations between terms,
rather than number of element per term, appeared to be the
major determinant of solution time for items presented in
both cue conditions. While an increase in the number of
elements per term resulted in an increase in solution time,
a corresponding increase in the number of transformations
between term was found to have a more significant influence
on solution time. As was the case with the Semidegenerate
(A:A::B:B) items, evaluation of transformations appeared to
take more time then did element analysis and was the
primary source of increases in solution times. Again, this
finding is consistent with that of Mulholland et al.
(1980).

Mcreover, Table 5.2c (page 188) shows a strongly
significant interaction between cue condition and number of
elements per term, cue condition and number of
transformations between terms, number of elements per term
and number of transformations between terms. In fact, the
means presented in Table 5.1c (page 182) indicate that for
each element variation and corresponding transformation
variation solution times for items presented in the two Clle
condition were consistently faster than for items presented
in the zero cue condition. In addition, as was the case
with the Semidegenerate (A:A::B:B) items, the effects of
number of elements per term changed Significantly across
variations in the number of transformations between terms.
Again, these findings are oonsistent with those of both
Sternberg (1977) and MUlholland et al. (1980).

stimulus Complexity and Nondegenerate Geome'cric Analogy
Task Performance
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Table S.2d (page 189) indicates that in analysis of
varianoe for the Nondegenerate geometrio analogy :factorial
data set,
oondition,

strong,
number of

significant main effeots for oue
eleme~ts per term and number of



transformations between terms are present in the data.
Table 5.3d (page 193) shows that single degree of freedom
contrasts between cue conditions, between number of
elements per term, and between number of transformations
between terms identify significant differenceS between each
pair comparison, vrhilsta superficial scan of the means Set
out in Table 5.ld (pa<je183) will Lnc.Lcat;ethat in general,
solution times for items presented in the two cue condition
were faster than solution times for items presented in the
zero cue condition. Moreover, as was found when examining
the mean solution times for the Se:midegenerate (A:A::B:B)
and semidegenerate
transformations between

(A:B::A:B) items, number of
terms, rather than number of

elements per term, appear to be the major determinant of
solution time for items presented in both cue conditions.
While an increase in the number of elements per term
resulted in an increase in solution time, a corresponding
increase in the number of transformations between terms was
found to have a more significant influence on solution
time. As was t.he case with both Semidegenerate (A:A::B:B)
and semidegenerate (A:B::A:B) analogy types, evaluation of
transformations appeared to take mo! ~ time than did element
analysjs and was the primary source of increases in
solution time. Again, this finding is consistent with that
of Mulholland et·al., (1980).

In addition, Table 5.2d (page 189) shows a strongly
significant interaction between cue condition and number of
elements per term, cue condition and number of
transformations between terms, number of elements per term
and number of transformations between terms and between cue
condi-tion, number of elements per term and number of
transformations between terms. In fact, the means
presented in Table 5.1d (page 183) indicate that for each
element variation and corresponding transformation
variation, solution times for items presented in the two
cue condition were consistently faster than solution times

( .
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for items presented in the zero cue,condition. Moreover,
as was the case with both Semidegenerate (A:A::B:B) and
Semidegenerate (A:B::A.:B) analogy types, the effects of
number of elements per term changed significantl.yacross
variations in the number of transformatio!l1Sbetween terms.
Again, these findings are consistent with those of both
Sternberg (1977) and Mulholland et al. (1980).

The presence of the effects identified for each analogy
type does not, however, act as their full explanation. An
appropriate supplementary question should be the extent to
which these effects are consistent for all subjects in this
comparatively large group. Indeed is stimulus complexity a
uniform phenomenon?

It will be recalled from Chapters 4 and 5 that subjects
were asked to subjectively rank four forced choice

to the

items (one from each of the experimental
order of complexity, firstly before

experimental task and again theleafter.
is that any changes in complexity ranking
modification of the subject's complexity

geometric
analogy
exposure

analogy
types) in

The
will

assumption
reflect a

criteria because of their exposure to the experimental task
This procedure provides the opportunity to
the previously unexplored relationship between

demands.
investigate
item complexity and item format.

Table 5.4 (page 195) sets out subjects' rankings. Of
particular significance is that only five of the poter.tial
sixty-four orderings emerge and the frequency of their
distriL·.ltion is non random. An examination of the means
set out in Tables 5.1a through to 5.ld indicates that in
general subjects responded to Semidegenerate items (both
A:A: :B:B and A:B: :A:B variations) faster than Nondegenerate
items, and to Degenerate items faster than both variations
of Semidegenerate items. In addition, response times for
8emidegenerate' (A:A::B:B) items were faster than those for
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Semidegenerate (A:B::A:B) items. Of interest also is the
coincidence of ranked complexity judgements with the effect
noted above. In Table 5.11, with rank 1 given to the least
complex item and rank 4 to the most complex, a Degenerate
(E) < Semidegenerate (A:A::B:B) (D) < semidegenerate
(A:B::A:B) (A) < Nondegenerate (C) order would be equal to
an A 3, B = 1, C = 4, D = 2 ranking set (3142). This
order is strongest in Group 1 (N == 31) but only as a
post-test judgement.

The 3142 order features in each of the remaining code
Group 2 (N = 18), however, adopt this subjective
pretest and maintain it.· In groups 3 (N = 6), 4
and 5 (N = 1) the 3142 order is present only as a
judgement, indicating an adjustment in judgement

groups,
criteria
(N 4)

post-test
criteria follo\.,ingexposure to task demands.

On an interpretive level, 'complexity code groups 1 (N =

31),3 (N
from pre to
this section,
criteria for

6),4 (N = 4) and 5 (N = 1) indicate a shift
post-test judgements. As noted previously in
this Lndi.cat.es an adjustment in judgement

each of these code groups, following exposure
to task
study,

demands.
given its

It is, however, beyond the scope of this
exploratory nature, to attempt an

explanation of these adjustments.

Of significance to the present research is the presence of
the 3142 order as a post-test judgement for each of the
complexity code groups. On this basis, the least complex
post-test item is judged as the Degenerate item. In
addition, the consistent 3142 post-·test order indicates
that snbjects ranked the semidegenerate (A:A::B:B) item as
being less complex than the Semidegeneril"l:e (A:B: :A:B)
item. since both Semidegenerate items comprised the same
number of elements per term, and transform~tions between
terms, and given that they were both presented in the zero
cue condition, it is contended that in addition to the

",
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individual and combined influence of number of elements per
term and number tranSformations between terms on subjective
item complexity, item format is a further contributing
factor.

Finally, the most complex item is judged as the
Nondegenerate item. Given that the Nondegenerate item
comprised the same number of elements and transformations,
and was presented in the same precueing condition as the
two Semidegenerate items, provides support to the
contention that item format is a contributing factor to
sUbjective item complexity.

In general, the stimulus complexity effects identified for
each of the forced choice geometric analogy types support
the experimental assumptions that forced choice geometric
analogy item complexity is related to the amount of
precueing information supplied, the number of elelnentsper
term and the number of transformations between terms.
Moreover, the sUbjective complexity ranking prooedure
adopted, and the results thereof, presented in Table 5.4
(pa.ge 195), suggest that irrespective of their approach to
task demands, the basis for subjective item complexity is
uniform for all subjects.

analogy items influence the
of forced
order of

choice geometric
execution of the

It was contended
Experimental Task
sUbjects' post hoc
valuable insights

in the section solution strategy and the
in chapter 5, that appealing to
introspeotive reports could provide

into the extent to whioh variations in
the demand characteristics

cognitive components (proposed by Sternberg (1977) as
being) involved in geometric analogy solution. Complexity
code groups were thus used as the basis for post hoc
partitioning of the performanoe data pertaining to each of
the geometric analogy types, to determine whether
sUbjective complexity code offered an associative
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explanation for the basis of subjective strategy ~ode group
membership. This issue will be reviewed in the ae.ctiLon
Task structure and Solution Strategy next in this
chapter.

Task structure and Solution s'trategy

It was noted in the section Aims of the Present research
in Chapter 4 that this study aims to investigate the
generalisability
described by
performance on
analogy items.
interindividual
such variations

of the
Ste""nberg

cognitive component models
(1977) as best defining task

Uo.' 'egenerate forced choice geometric
Specifically, whether meaningful intra and

variations are apparent, and if so whether
could be attributed to the level of mental

workload experienced by SUbjects as a result of their
exposure to experimental task demands. Also, it was stated
that the present study would propose models, based on
subjects I post hoc introspective reports, that best define
task performance on Degenerate and Semidegenerate forced
choice geometric analogies, in terms of performance
components adopted and order of component execution.

Attempting to address these experimental aims is of central
importance to the design of the present research
procedure. The rationale here is straightforward.

Firstly, it will be recalle0 from the section Procedure
in Chapter 4 that all subjects takkng part in the present
research were·initially screened to ensure that they had no
knowledge of cognitive psychology experimental procedures
in general and cognitive components theory and mental
workload research in particular. All subjects may thus be
thought of as being research naive in the true sense. This
is in contrast to much of the published research into
analogioal problem solving, which often presents data
derived from small numbers of hypothesis sophisticated or
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research sophisticated sUbjects (see the section The
ResearcA pesign of sternberg's (l977) Geometric Analogy
Experiment, and its Relevance to the Present Research in
Chapter 4).

Secondly, controlled use of experimental instructions was
enforced to avoid implicit strategy priming and response
set creation. This is a major contrast to the research
procedures of Sternberg (1977) and Mulholland et al.
(1980), where prior exposure to, and performance on
geomet -Lc analogy items were criteria for subject
selection.

The potential implications of such procedures are discussed
in the section subjective Influence on Cognitive Task
Performance in Chapter 4. Given the present research
pzocedur'e it was assumed t.hat results yielded were
attributable to variations in item complexity, and that
subjec~ive task performance was representative of the range
of reasoning strategies available for geometric analogy
solution, as well as being highly responsive to workload
influences.

Thirdly, follol'Tingcompletion of the experimental trials,
subjects were asked whether they had developed any
conscious strategy for handling the items from each of the
geometric analogy types. Adopting the procedure outlined
in the section Procedure in Chapter 4, each strategy
explanation was carefully analysed, recorded and coded.
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Having employed the procedure described in the section
Solution Strategy and the Experimental Task in Chapter 5,
it was assumed that variat40ns in sUbjective strategy
reports for the two examples of ~ach analogy type would
refle0t a modification in the subjects' solution strategy
brought about by the variation in task demand
Characteristics brtween the two eXamples.



It was noted in the section Solution Strategy and the
Experimer.~al Task
analogy type, a

in Chapter 5 that, for each geometric
detailed discussion of the dominant

subjective task strategy types, as well as their respective
variations, identified from subjects' post hoc
introspective reports, would be presented in this section.

A s8parate discussion will be presented for each geowetric
analogy type.

Degenerate
Types

Geometric Analogy Subjective Task SL.~~.L.;.y

It will be recalled from the section Degenerate :Forced
Choice Geometric Analogy Subjective Task Strategy Types in
Chapter 5, that in terms of performance components adopted
and order of component execution, two dominant subjective
task strategy types were identified from subjects' post hoc
introspective reports relating to the 1 element Degenerate
g'eometricanalogy example.

Thirty-one subjects (52%) reported employing the first of
these dominant strategy types. A schematic flow chart of
this strategy type is presented in Figure 6.1a.

Subjects employing
solution by encoding
second analogy term.
the first and second

this strategy type begin analogy
the first analogy term, and then the
Next they infer the relation between
analogy terms. The subjects then

encode the third analogy term. Fallowing this, the two
answer options are encoded. Having encoded the two answer
options, subjects attempt to apply from the third term to
each answer;option a relatior alogous to the one inferred
between the first and second terms. subjects would then
respond with either "A" or "B" thereby completing the
analogy problems.
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Three variations of this strategy type ~~r~ identified.
These variations
employing either

dpparently arose as a r~sult of subjects
a self-tenainating

'1'hefirst of
or

these
exhaustive

variations,
involved a

application
employed

process.
by fourteen subjects (21%),

self-terminating application process, irrespective or which
answer option was
employed by six

the correct one.
subjects (10%),

The second variation,
involved an exhaustive

application process,
was the correct one.

irrespective of which answer option
The third variation, employed by

eleven subjects (18%), involved a self-terminating
application process if the first answer option was correct,
and an exhaustive application proc~ss if the second answer
option was correct.

Twenty-nine subjects (48%)
dominant strategy type.

reported employing the second
A schematic flow chart of this

strategy type is presented in Figure 6.1b.

Subjects employing this strategy type begin analogy
solution by encoding the first analogy term, and then the
second analogy term. Next they infer the relation bp.tween
the first and second analogy terms. The subjects then
encode the third analogy term and, following this, map the
relation
options
f~:om the

between the first and third terms. The two answer
are then encoded. Subjects thflnattempt to apply

Lhird term to each answer opt.ion a relation
analogous to the one inferred between the first and second
terms. Subjects would then respond with either "A" or "B",
thereby completing the analogy problem.

Tl'lOvariations of this strategy type were identified.

application process.
employed by eleven subjects

of subjects
eXlhaustive

variations,
involved a

Again, these
employing

variations
either a

arose as a result
self-terminating or
The first r:" these

(18%),
self-terminating application process, irrespective of which

I
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Enoode Al

1
Bnoode A2

I
Infer Al ~ A2

I'
Rnoode A3

I
8ncode A4 (Options A & 8)

I
I Apply AJ ·>Ai

IRespond

Figure 6,1 (a) Schematic flow chnet of the first dominant subjective task strategy type
applicable to Degenerate iteN solution,

Variations of this process
As applicable to 1 element Degenerate itel solution,

(lJ Self-terminating, irrespecti"8 of which answer option was correct· 8J1ployed by fourteen
subjects 12Jl),

(2) exhaustive, irrespective of which anSWer option WrlS correct - eaployed by sis subjects
1011,

(3) self-terminating if first answer option correct, and exhaustive if second answer option
comet· employed by eleven subjects I1W,

As applicable to 3 element Degenerate item solution,
(II Exhaustive, irrespective of wllich answer option was correct - employed by nine subjects

(151),

12) Self-terminating if first ansver option correct, and exhaustive if second answer o~tion
correat - employed by twenty four subjects (40t).

:



HOare Al

8naode A2

I
Infer Al -> A2

I
8ncode A3

I
MapAl -) A3

Encode A41tions A & B)

I
f Apply A3 -> H

IRespond

Figure 6.1 (bl Schematic flow chart of the second dominant subjective task strategy type
applicable to Degenerate itC$ solution.

Variations of this process

As applicable to 1. eleaent Degenerate item solution.
(I) self-terminating, irrespective of which rtnSwer option was correc\~ • employed by eleven

subjects (1St I.

(2) Self-terminating if first answer option correct, and exhaustive if second answer option
correct - employed by eightee,t subjects (3011.

As applicable to J element Degenerate ites solution.
1lJ self-terminating, irrespective of which ansser aptian uas correct > employed by one subject

(1.6t).

(ll Self-terminating if first answer option correct, and exhaustive if second answer option
correc! - e.p1oyed by tventy-six subjects (WI.
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answer option
employed by

was the correct one.
eighteen subjeots

The second variation,
(30%), involved a

self-terminating application prooess if the first answer'
option was correct, and an exhaustive application process
if the second answer option was correct.

It was noted previously, in the section Degenerat~ Forced
Choice Geom~tric Analogy Subjective Task strategy Typus in
Chapter 5 I that in ·termsof performance components adopted
and order of component execution, two dominant sUbjective
task strategy types, identical to those identified for the
1 element
identified
relating to
example.

Degenerate geometric analogy example, were
from subjects' post h~c introspective reports

the 3 element Degenerate geometric analogy

Thirty. three subjects (55%) reported employing the first of
these dominant strategy types. see figu.re6.1a earlier in
the section for th.eschematic flow chart of this strategy
type. since this strategy t.ype has been desoribed
previously, in the discussion pertaining to the 1 element
Degenerate geometric analogy example, there is no need to
describe it again. It is, however, important to note that
two variations of this strategy type were identified.
Again, these variations could apparently be attributed to
subjects employing either a self-terminating or exhaustive
application process. The first of these variations,
employed by nine subjects (15%), involvod an exhaustive
application process,
was the correct one.

irrespective of which anSWer option
The second variation, employed by

twenty-four subjeots (40%) involved a self-terminating
applicating pru~ess if the first answer option was correct,
and an exhaustive applioation process if the second anSWer
option was correct.

Twenty-seven subjeots (45%)
dominant strategy type.

reported eml,loyingthe second
See Figure 6.1b ·earlierin this
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section for the sChematic flow chart of this strategy
type. Since this strategy type was described previously,
in the discussion pertaining to 'the1 element De.generate
geo.metric analogy example, it will not be described again
her. It is, however, important to note that two variations
of this strategy type were identified. Again, these
variations could apparently be attributed to. subjects
employing
application
emplo.yed by

either a self-terminating Dr exhaustive
precess. The first of these variatiens,
ane subject (2%), involved a self-terminating

applicatian process, irrespective o.f which answer optian
was the correct one. The second variatian, employed by
tlventy-six subjects (43%), inval';ed a self-terminating
applicatian process if the first answer option was carrect,
and an exhaustive appl10atio.nprocess if the seco.ndanswer
option was correct.

The preceding discussion of subjeots' past hac
intraspective reports relating to. the salutian of both 1
element and 3 element Degenerate forced choice geometric
analogy items reveals a number of issues relevant to the
present research. Firstly, in terms of the performance
components adopted
subjective stratejY
strategy types' for
items
for

(see Figures
schematic flow

and order of component executLon,
reports sug'gest the domd.nanceof two

both 1 element and 3 element Degenerate
6.1a and 6.1b earlier in this section
charts of these do.minant strategy

t1"pes)• The major difference between these strategy types
being that the one presented in Figure 6.1b incorporates a
mapping process, between the first and third analegy terms,
immediately after the enceding ef the third term, whereas
the strategy type presented in Figure 6.1a does not
inco.rperate
significant
subjectiVe
post hoc
Degenerate

this process. Secondly, and probably more
to the present study, is that the two dominant

task strategy types identified from subjeots'
introspective repo.rts relating to. 3 element
items were identioal to those reported for the
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solution of 1 element Degenerate items. Thus, it would
appear that despite the increase in number of elements per
analogy term, from 1 to 3, the identioal two strategy types
dominate. This would appear to suggest that on the basis
of subjective strategy reports, for Degenerates forced
choice geometric analogy items, increases in item
complexity fail to elicit meaningful strategic variations
on the part of subjects in order to overcome increases in
mental workload and maintain high standards of task
performance. Thirdly, on the basis of subjective task
s·trat-agyreports, variations of the dominant strategy types
reportc1 for both 1 and 3 element Degenerate item solution
were identified. As
variations
employing

apparently
noted earlier in this section these
arose as a result of subjects

either a self-terminating or exhaustive
~pplication process. The nature of these variations, for
born 1 A-~Q 3 element Degenerate items, was discussed
pr 'lously in this section. It is, however, important to
note that subject's post hoc introspective reports
pertaining to both ~ and 3 element Degenerate item solution
revealed that the order of answer options, i. e., which
answer option was correct (A or B),' was a determining
factor of the type of application process em~loyed. Where
the first answer option was correct, subjects reporting
Lhis strategy, type variation would employ a
self-term:l.nating application process I and where the second
anSWer option was correct, these subjects would empioy an
exhaustive application process. This pattern was found to
be more prominent in the sUbjective task strategy reports
relevant to the solution of 3 eLsment;Degenerate items than
in those relating to the sOlution of 1 element Degenerate
items.

Therefore, based on subjects I post h~c. introspective
repo1:'t~rega:r:dingperforma.noeoomponerrcsadopted and order
of component exeoution, it would appear that the pJ:.·ocess
models presented in Figures 6.1a and 6.1b best define task
performance on Degenerate foroed choioe geometric analogy
items.
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Semidegenerate (A:.A::B:B)
Task strategy Types

Geometric Analogy Subjective

It will be recalled from the section semidegenerate Forced
Choice Geometric Analogy (Format AlA: :B:B) Subject Task
strategy Types in Chapter 5, that in terms of performance
components adopted and order of oomponent exeoution, two
dominant subjeotive task strategy types were identified
from subjeots' post hoc introspeotive reports relating to
the 1 element - 1 transformation Semidegenerate (A:A::B:B)
geometric analogy example.

Forty-eight subjeots (80%) reported employing the first of
these dominan_ strategy types. A sohematio flow ohart of
this strategy tYVe is presented in Figure 6.2a.

Subjeots employing this strategy type begin analogy
solution by encoding the first analogy term, and then the
seoond analogy term. Next they infer the relation between
the first two analogy terms. The subjeots then encode the
third analogy term and, following this, map the relation
between the first and third terms. The two answer optinns
are then encoded. Subjects then attempt to apply from the
third term to each ansWer option a relation analogous to
the one inferred between the first and second ·terms.
SUbjects would then respond with either "11.11 or IIBII, thereby
completing the analogy pztob Lem.

Three variations of this strategy type were identified.
These variations apparently arose as a result of subjects
employing either a self-terminating or exhaustive
application process. Tha first of these var i.at.Lons,
employed by nineteen sUbjects (32%), involved a
self-terminating application process, irresp~btive of which
answer option was the oorrect one. The second variation,
employed by five sUbjects (8%), involved an exhaustive
application process, irrespective of. which answer option
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I
Encode 81

IHap Al -) 81

I .
Encode 82 (Options A & BI

I
I Apply 81 -> B]

IRespond

Figure 6.2 (a) schematic flow chart of the first dominant subjective task strategy type
applicable to Semidegenmte (A:A: :B:B:) item solution.

V.riations of this process
As applicable to 1 element - 1 transformatio/) Semidegenerate ( AlA: :BIS) item solution.

(1) self-terminating, irrespective of which aasver option Was correct - employed by nineteen
subjects (m).

(2) Exhaustive, irrespective of which answer option vas correct - employed by five subjects
(8\).

(3) Self-terminating if first answer OpUO(, correct, and exhaustive if second answel' aptian
correct ,- employed by 24 subjects (401).

As applicable to 3 eleaent > 3 transformation Se~idegenerate (A:A::BI81 item solution.
(l) Elhaustive, irrespective of which ansm option was oorrect:> employed by thirty-nine

subjects (651).

(2) Self-terminating if first answer option correct, and exhaustive if second answer option
correct· empJoyed by thirteen subjects (221),

279

, .



Encode Al

I
Encode At

IInfer Ai .) A2

IEncode 81I .
Encode 82 IOptions A & B)

I
t Apply 81 .) 82

I
Respond

Figure 6.2 Ibl Schematic flow chdrt of the second dominant subjective task strategy type applicable to
Semiciegenerate (A:AuB:h! item solution.

Variations of this process
As applicable to 1 element· 1 transformation Semidegenerate (A:AI:B:B) item solution.

/1) Self.ter~inating, irrespective of which answer option was carrect • employed by five
subjects WJ.

{2} Exhaustive, irrespective of which answer option was correct > employed by two subjects
IH)'

13) Self-terminating if first answer option correct, and exhaustive if second answer option
correct • employed by five subjects IBt).

As applicable to 3 elp-ment • 3 transformation Sesidegenerate IA:A::O:B) item soJutlon.
(j) Exhaustive, irrespective of which answer option was correct > employed by eight subjects

(m).
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was the correct one. The third variation, employed by
twenty-four subjects (40%), involved a self-terminating
application process if the first answer option was correct,
and an exhaustive application process if the second anSWer
option was correct.

Ti<lelVe subjects (20%) reported employing the second
dominant strategy type. A schematic flow chart of this
strategy type is presented in Figure 6.2b.

Subjects employing this strategy type begin analogy
solution by encoding the first analogy term, and then the
second analogy term. Next they infer the relation between
the first two analogy terms. The subjects then encode the
thirct analogy term. Following this, the two answer options
are encoded. Having encoded the ti<lOanswer options,
subjects attempt to apply from the third term to each
answer option
between the
with either
problem.

a relation analogous to the one inferred
first two terms. Subjects would then respond
"A" or "B", thereby completing the analogy

Three variations of this strategy type were identified.
Again, these variations apparently arose as a result of
subjects employing either a self-terminating or exhaustive
application process. The first of these variations,
employed by five subjects (8%), involved a sp.lf-terminating
applicatiOll process, irrespective of which answer option
was the cC'rrectone. The second variation, employed by two
subjects (4%), involved an exhaustive application process,
irrespclctive of which answer option was the correct one.
The thir I variation, employed by five sUbjects (8%),
involved a self-terminating application process if the
firs~ answer option was correot, and an exhaustive
application
correct.

process if the second answer optL'n was
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It was noted previously,
Geometric

in the section Semidegenerat,e
Analogy (Format A:A::B:B)Forced Choice

subjective TasJc

execution,
identical

two
to

strategy Types in Chapter 5, that in terms
components adopted and order of component
dominant sUbjective task strategy types,

those identified for the 1 element 1
Semidegenerate (A:A::B:B) geometric analogy

identified from subjects' post hoc
reports relating to the 3 element 3

of performance

transformation
exa.mple, were
introspective
transformation semidegenerate (A:A::~:B) geometric analogy
example.

Fifty-two subjects (87%) reported employing the first of
these dominant strategy types. See Figure 6..2a earlier in
this section for:"he schematic flow chart of this strategy
type. Since this strategy type has been described
previously, in the discussion relating to the 1 element - 1
transformation semidegenerate (A:A::B:B) geometric analogy
example, it will not be described again. It is, however,
important to note that two variations of this strategy type
were identified. These variations could apparently be
attributed to subjects employing either a self-terminating
or exhaustive application process. The first of these
variations, employed by thirty-nine subjects (65%),
involved an exhaustiva applicatio.ilprocess, irrespective of
which answer option was the correct one. The second
variation, employed by thirteen subjeots (22%), involved a
self-terminating application process if the first answer
option was correot, and an exhaustive application procesl;
if the second answer option was correct.

Eight subjects (13%) reported employing the second dominant
strategy type. See Figure 6.2b earlier in this section for
the schematic floW chart of this strategy type. Sinoe this
strategy type has been described previously, in the
discussion pertaining to the 1 element - 1 transformation
Semidegenerate (AlA: :B:B) geonletric analogy example, it

"

282



will not
note that
identified.

be described again.
only one variation

This variation,

It is, however, important to
of this strategy type vias

employed by eight subjects
(13%) , involved an exhaustive a.pplication process,
irrespective of which answer option was the correct one.

The preceding discussion of
to

subjects' post hoc
the solution of both 1introspective reports relating

element 1 transformation and 3 elements 3

transformation Semidegenerate (A:A::B:B) forced choice
geometric a.nalogyitems reveals a number of issues relevant
to the present research. Firstly, in terms of performance
compo nts adopted and order of component execution,
subj€ ~tive strategy reports suggest the dominance of two
strategy types for both 1 element - 1 transformation and 3
element 3 transformation semidegenerate (A:A::B:B) items
(see Figures 6.2a and 6.2b earlier in this section for
aohemat.d.cflo,,,charts of these strategy types). The major
difference between these strategy types being that the one
presented in Figure 6.2a incorporates a mapping prooess,
bebleen the first and third analogy terms, immediately
after the encoding of the third term, whereas the strategy
type presented in Figure 6.2b does not incorporate this
process. Secondly, and possibly more signifioant to the
present study,. is that the two dominant SUbjective +:ask
strategy types identified from SUbjects' post hoc
introspective reports relating to 3 element 3
transformation Semidegenerate (A:A::B:B) items were
identical to those reported for the solution of 1 element -
1 transformation semidegenerat.e (A:A::B:B) items. Thusj it
would appear that despite the increase in both the number
of elements per analogy term as well as the number of
transforuiations between analogy terms, the identioal two
strategy types domi.nat;e.
that, on the basis of
Semidegenerate (A:A::B:B)
it.ems, increa.ses .in

This would appear to suggest
subjective strategy reports, for
forced ohoioe geometric analogy

item complexity fail to elioit
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meaningful strategic variations on the part of subjects in
order to overcome increases in mental workload and maintain
high standards of task performanoe. Thirdly, on the basis
of subjective task strategy reports, variation!:'of the
dominant strategy rvpe s for both 1 element 1

transformation and 3 element 3 transformation
Semidegenerate (A:A::B:B) item solution were identified.
As noted earlier in this section these variations
apparently arose as a result of subjects employing either a
self-terminating or exhaustive application process. Three
variations of both dominant strategy types pertaining to 1

element 1 transformation Semidegenerate (A:A::B:13)it.em
solution were identified. These variations Were discussed
previously in this section. similarly, variations of both
dominant strategy types pertai11ing to 3 element 3
transformation Semidegenerate (A;A::B;B) item solution were
identified. Again, these variations were discussed
previously in this section. I't is, however, important to
note that s~bjects' post hoc introspective reports
pertaining to both 1 element 1 transformation and 3
element 3 transformation Semidegenerate (A:A::B:B) item
solution revealed that order of answer options, i.e., which
answer option was correct (A or B), was a determining
factor of the type of application process employed. Where
the first answer option was correct, sub]ects reporting
this strategy type variation would employ a
self-terminating application process, and where the second
answer option was correct, these subjects would report an
exhaustive application process. This pattern was found to
be more prominent in the subjeotive task strategy reports
relating to the solution of 1 element . 1 transformation
Sem~degenerate (A:A::B:B) items than those pertaining to
the solution of 3 element - 3 transformation semidegenerate
(A:A::B:B) items.
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Therefore, based on SUbjects· post hoc introspective
reports regarding performance oomponents adopted and order


