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ABRSTRACT .

Technological advancement has changed the nature of interactjons within
medern man sz:rtems, with workload becoming more a load on the
nmental capacities of the hwman systemy component than on his/her physical
capabilities. . Moreover, imreased sLem ilities may have
di’ o rl::l.otngtel reduoedadding the ngme avaj, irble to pe fogn ];.hesg mental
operal LS few & more o ex cognitlve S5KS. conc
crucial to the evaluation of modern mng?agchlne systems is that of the
resulting implications of Jloading and overloadmghe the cognitive
cap%g}lltiﬁ'ls Ogg the human systems component, namely measurenent of
mental wor .

For 1l:he assegaerft tgﬁ kgentallﬁgkli»ad experienced by individuals performigg
complex nitive . analytical =zucdess is dependent upon anh accurate
and robugtugmdel of task demands. Models of this nature are to E

within the inductive reasoni paradigm, partionlarly in the domain of
analogical reasoning (e.q., g, 1968; sSternberg, 1977; Mulholland,
Pellegrino and Glaser, 1580). sternbergos {1977) piocheering attempt to
specify the performance components in forced choice geometric anal

*solution, in particular the linear componential models he proposed,
gp‘stitute.d the basis for the empirical and theoretical issues explored in

is ressarch,

The present research design attempted to compensate for some of the flawsg
in.hegent in contemx_:ora.rgn componential analysis and mental workload
ressarch, e.d., the use of small mumbers henis and research
sophisticated subjects (e.g., Mulholland, Pellegy and Glasey, 1980).
Tha design itself iz not umsual, but the controls for experimental demand
characteristice and the congern to avoid implicit, stra%gegr_ming and
gﬁ;&nnse set creation were inportant steps to minimige 5 extraneous
influances. -

contrast, the analysis waz both novel and explanatory. The application
of an & riate cluster technicue offered a significant development in
the exploration of the information processing components involved in, apd
strategies employed for wcognitive task solution. Furthermore,
investigation of performance on a stable cognitive 1 i.e,, the
farced choice geomstric anal task, uhder conditions of varying
complexity and uncertainty, valuable insights into the influgnce
of mental worklcad on rognitive task performance.

A certain awount of time sharing was found to take plece in experimental
task solution., This revelation was of great significance in the context of
the present remearch, mince the notdon of time sharing is a rejection of a
rigid sequential stral:egir to cognitive task solution, in favour of a more
integrated strateqy involving interactive information processing.

Based on the present research avidence it appears that the amount of mental
worklosd imposed by the sawe actual task demand iz & function ~f cognitive
capabllity and strategic flex:.b:.lg}.g{. Furthermore, the mechaniem of
strateqy choice was identified as ng central to the level of cognitive
task performance. _

The nabure of the present experimental deﬁﬂn and odure was such that
it findings which could have signific nt implicacions for future

nential analﬁsa.s ard memtal  worklosd research, as well as for the
eva luation of work involving cognitive task performance.
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PART 1

CONCEPIVAL AND THEORETICAL BACKGROUND



CHAPTER 1
INTRODIICTION

A concept crucial +to the evaluation of modern man~machine
systems iz +that of the resulting implications of loading
and overloading the cognitive capability of the human
vompenent, namely, the maasurement of mental worklead.

In the past, mental workload research has been reliant upon
implicit models of cognitive task demands, however, it is a
contention of this thasis that for assessment of mental
workload experienced by individuals performing complex
cognitive +tasks, success i{s dependent upon an accurate and
robust model of task demands. Modelzs of this nature are to
ke found in the inductive reasoning paradigm, particulariy
in +the domain of analaginal reasoning (e.g., Evans, 1968;
Sternberg, 1977; Mulholland, Peliegrino and Glaser, 1980).
Indugtive reasoning ability has been prominent in thecories
of human intelligence, playing a central role in Iits
assegsment, A variety of tasks have been used to ascess
this ability {e.g., classification problems, series
completion preoblems, analogy problems and matrix problems),
of which Pellegrino and Glaser {1980) regard the analogy
problems as the most pervasive.

uUntil recently, <guestions concerning the nature of
individual dJifferences in cognitive capacity have been
addressed primarily by the psychometric branch of
psychology. This field has been successful in develcping
tests that measure significant aspects of human behaviour
that are related to the processing of verbal and nonverbal
information and that are useful in discriminating among
individuals who are more or less likely to succeed in
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academic or related endeavonrs. What has been lacking in
the field is a oclear understending of the nature of the
procesgsas underlying performance on the tests, how
individuals differ in terms of these processes, and the
task  characteristics that influence these performance
differancesa,

Dasplte the long history of inciusion of analogy problens
on  tests of aptitude and intelligance, a combined
theoretical and empiral analysis of the component cognitive
procegses invelved i1in analogical problem solving has only
recently bacome an active research area (e.g., Pellegrino
and Ingram, 19777 Sternberyg, 1977, 1978; Sternberg and
Rifkin, 1879; Pellegrino and Glaser, 1979, 1982; Staernberg
and Nigro, 1980; Mulholland, Pellegrine and G’aser, 19&0).
Sternberg's  {1977) attempt to specify the performance
components in this problem type, constitutes the basis for
the empirical and theoretical issues explored in this
thasis.

Based upon his pioneering investigation of the information
procaessing components involved in analogy task solution
Starnbery (1377) davalopad a componential theory of
analegical reasoning in which he identified a set of
information processing components which we belleved were
sufficient for describing the flow of information
processing from +the Yeginning to the end of analogy task
solution, and proposed several madals, each representing
different assumptions concerning +the order and mode of

componant axecutlon. Sternberg's research falls intc the
category of cognitive research referred to as componential
analysis, Although Sternberg's theory and subsequent

research provides valuable insights into the nature of
mental abilitie=z, i1t has until now been excluded from
mental workload research,



The present study shall bring together +the previously
unrelated research oparadigms of mental worklocad and
componential analysis 1In an attempt to investigate the
extent to which Sternbergis (1977) theory of analogical
reasoning, in particular the linear componential models he
proposed, provides information regarding the nature of task
structure, information which could serve +to enhance the
present understanding of the cohcept of mental workload and
its measurement.

This research shall attempt to investigate the extent to
which  findings frem an apparéntly stable cognitive
phenomenon, foreced choice geometric analogy vask sofution,
parformed under conditions of varying complexity, can offer
insights inte +the strategic influences of mental workload
variation on cognitive task performance.

By facilitating the possibia identification of
Inappropriate work routines at the cognitive level of task
rerformance, the present research may contribute tec the
developnent of a4 more sophisticated notion ef task
structure, which together with an anhanced understanding of
the ceoncept of mental workload, could stand to benefit
future research into the development of strategiss for
reducing the mental workload experienced py the human
conponant 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 inte two distinct
parts. Chapt-rs 2 and 3 sat 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 NATGRE OF COGNITIVE WORK

In the past, the relatively limited capacity of technical
devices allowed for the accurate description of the
required human machine inputs, thelr interactions ang
subseguent system outputs of man-machine systems.
Furthermore, the .overt nature of the inputs, interactions
and consequences facilitated system performance evaluation
for the purpose of enhanclng "system eFfficiency and
protecting user wellbeing.

Technological advancement, however, has changed the nature
of interacticns within the man-machine system, with modern
equipment taking over many of the complex and integrated
tasks previously aszigned +to the human systems component.
Consequently, the individual's rola in automated systems
has changed from that of a genserator and transmitter of
physical energy to that of a decision maker, monitor and
supervisory controller (Leplat, 1978; Linton et al., 1979;
Mulder and Mulder, 1983}.

The fact that the individual's need for raysichl exertion
has been yreduced, should however, not be taken as the
implication that his/her workload has bhean reduced

simultanaously. Indeed, workleoad has kecome more a load on
the mental capacitlies of the individual than on his/her
physical capabilitiss, Moreover, Linton et al. (1%79)

argue  that  increased system capabilitias may have
disproportionately xraeduced the time available to pexrform
these mental operations, thereby adding hew and more
complex cognitive tasks.




The view presently held by cognitive ergonomists, is that
the introduction and rapid expansion of automation within
the workplace has served to transform, rather than reduce
the ' involvement of the human in systems operations (Linton
et al., 1979%; Moray, 1982). Such an orientation has led to
the realisation that traditional descriptive and evaluative
techniques are no longer adaquata for present day
sophisticated man-machine systens (Tsang ané Jchnson,
1987). The need has therefore arisen for system design %o
describe human performance In terms of cognitive funection,
and to evaluate it accordingly. A concept crucial to the
aevaluation of modern mnman-machine systems 1ig that of the
resulting implications of loading and overloading the
cognitive ocapabilities of the human component, namely, the
measurament of mental workload.

The Concept of Mental Workload

albeit that the understanding and asseasment of mental
workload is considered a topic of critical importance in
the field of cognitive ergonomics (Moray, 1282: Casall and
Wiexwille, 1983:; Wickens et al., 1986; Barber, 1988), and
given the wvast amount of work that has been conducted in
this area, there 1s as yet no universally accepted
definition of mental workload and consequently no agreement
on how to measure 1t, Moreover, much of the research
conducted in +the domain of cognitive ergonomics, e.g.,
Weiner (1982); Casall and Wierwille (1983); Wickens et al.,
{1986), while undoubtedly based upon valid posaibilities,
remains essentially predictive in nature, thus failing to
contribute significantly +to & theoretical understanding of
workload.

Characteristic to all empirical investigation, the
ratlonale Ffor ressarching mental workload is inextrlcably
linked to +the definition of the issues to be investigated.
In recent +times, one of the more popular approaches to
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workload analysis was to consider mentai workload as
analogous to ﬁﬁysical workload. Theprists adopting this

- appreach, ‘e.g., Welford (1978}; Welher (1982); Mulder and

Mulder (1983), have attempted to define mental workload in
terms which apply to its physi -al equivalent:- forece, work,
time stress, strain etc. It 1s, however, important to take
cagnigsance of the fact that the majority of such theories
were proposed several years ago, before research conducted
in +the area of mental workload had reached pir=sent levels
of sophistication. As a result, cautic.: shou'd be adopted
in oonsidering such theories as definiti.e literature upon
which +to base current rasearch. In fact, a major criticism
levelled against workload research, is the continued
reliance by other workload theorists on the physical
approach as providing the basis for their investigation.
Of greater concern, however, iz the nature of the
conclusions drawn from such experimentation. Essentiallwv,
research based upon a physical concept of workload
constantly measures physiclogical activity in a
setimulus-response type paradigm. Since it .5 possible to
wmeasure physioiogical change in both an accurate and
cbjective fashion, it ls very often taken for granted that
the results yielded by such experimentation are both valid
and reliable. Such conelusions should, however, be
regarded as highly questionable, since despite the
attractiveness of the physical analogy, duve +to its
familiarity and ease of guantifleoation 1t provides an over
simplified wview of the complex cognitive processea of
mantal worklead ané thelr effects on human performance on
proklem solving tasks.

Megt significant here is the fact that physical approaches
are iimited to a consideration of only those system lnputs

and responses which are overt and meazurable. It would
thereforse appear that physical theories lack the scope
necessary to consider internal psycholegical processes. A%
a rasult, the physical stimulus-response type approach will
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either fail to detect important internal processes and
consequences altogether, or will be incapable of explaining
certain overt responsas due to thelr internal'psychological
.origins. The eaend result 1s  a theoretlcal base with
negligible predictive bpowser, the wvalue of which, for the
purpose of assessing mental workload on cognitive tasks, is
highly duegtionabla,

In recent years, a realisation of the limitations of the
physical approach led to the development of an alternative
paradigm concerning mental workload, Within thils paradigm
mental workicad is regarded in information, processing
terms. e.g., Bainbridge (2978), Hacker et al., (1978},
Moray (2579, 1979a). '

The information processing paradigm was developed as an
alternative to the stimulus-response concepts of
behaviourism (Sternberg, 1277). The major argument against
stimulus-response concepts was that they were a gross
oversimplification:-

"... correlations betwaen stimulation and responsa must
be mediated by an organised representation of the
environment, a system of concepts and relations within
which the organism ie located. A humarn being builds up
an internal representation, a model of the universs, a
gchema, a cognitive map ..." (Miller et al., 1960,

pPR.6=7).
The common new emphasls was:—

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

Human information processing thecry assumes that behaviour
is a consequence of the internal flow of infermation within
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the organism, which is belleved to occcur at a numbsr of
stages (McCormick &and Sanders, 1982). Certain cognitive
handling facilities are present at each stage, their
purposea being to process  information  into  sdme
underatandable and usakle form (Norman and Bobrow, 1975).
Such facllities include:- some form of information
reception mechanlsm, Xnown as the Perception Mechanism
(Caxd et al. 1983), which is responsible for the
differentiated recognition of stimuli (Navon and Gopher,
1979) and their transformation into a state which can be
interpreted by later proceseing mechaniszws. MeCormick and
Sandeps (1982) emphasise that the socurce of stimuli can
arise either extarnally to the orgafdism, or internally from
some other processing mechanism and ba represanted for
perception 4through feedback loops and integrated linkagdes
bet: stages. After perception, stimuli enter what Card
et ai., (1983) refer to as 'Procmesing Stages' which are
thought to include:~ some form of information storage {long
and short term memory} fSmith and TLangolf, 18581);
operations designed to enter information into memory by
coding (8hiffrin, 1975): location and retrieval mechanisms,
decision making mechanisms based on information and task
reguirements (Kantowitz and Roediger, 1980); and finally,
response operations selectsed from a ryange of response
resources (Navon and Gopher, 1879}.

Information processing +theorists describe mental workload
in terms of mental task demands which impose a load on
cognitive information processing mechanismg (Bainbridge,

1978)., The efflciency with which each mental processing
mechanlsn deals with wmental task demands is a functien of
two factors. Pirstly, the task characteristics {Kaven and

Gopher, 1979), which include interalia - stimulus quality;
digtribution of demand across  processing resources
(Wickens, 1984); time avallable for processing of each
discrete stimulus {Hacker et al., 1978), and secondly, the
expertise or sophistication of the processing mechanisms



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

It would appear realistic, at this stage of the present
discussion, to contend that the lack of nonsensus upon the
definition and measurement of mental workload (Williges andg
Wierwille, 1979; Moray, 1983) may be attributable to the
attempts by theorists to define workioad as a unitary
concept, having simple characteristics and effects.

34 unitary approach to mental workload and its measurement
leads to wethodological problems since +the level of
definition is often inapproprlate for the level of research
conducted. Thus, as a result of ¢he 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
mantal workload (Teiger, 1973; Welford, 1978).

Since it is a theoretical construst, mental worklead 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 adaguately
justified, thereby vielding logical and interrelated
results and conclusions. For present purposes then, an
information processing appreach will be used as a basis for
the construction of an operational definition of menta.
workload and its conseguences for task performance.

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

#
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fulfill the mental task demands Iimposed by the task in
which he/she iz engaged.!

Phase fwo ~of an operational definition involves +the
consideration of ocertain aspects in more detail. In human
information processing +terms, performance =and workload
appear to depend upon the interaction of four facters:- the
mental +task demands (Bainbridge, 1978); the information
processing capacitities of the performer [Hacker et al.,
1978); the strategles used to relate demands to cognitive
capacitities; and when a range of cognitive strategies iz
available, s8kill in choosing the most efficient (¥orman and

Bobrow, 1975). Rather than codnsidering the factors
indivigually, for present dilscussion purposes, they wlll be
dichotomised into:- those factors which are task

determined, 1.e., the first of the four factors listed
above; and those factors which are operator determineg, -
i.e., +the latter three factors listed above. Rolfe et al.,

{1974) and Leplat, (1%78) refer to these two factors/groups

of factors as !'Task Orientated' and 'Operator Orientated’

determinants of mental workload.

Determinants of Mental Workload

The advent off complex, integrated man-machine systems
necessitated the creation of a procedure that could specify
human performance characteristics in a systenm. The
specification o©of those requiremants should facilitate
improvements in system deslgn and overall - system
effactivenass. "Por practical purposes, the acquisition of
that type of information constitutes a task anhaly.is®
{Companion and Corso, 1982, p.458). Drury (1983) describes
task analysis as providing a formal comparison between the
demands which +the +task imposes on an individual and the
capabilities he/she possesses to deal with these demands.

10



Task Orientated Factors

Essentially, . any given task imposes an actnal demand upen
the cognitive processing mechanisms requlred for its
intexpretation and resolution. The nature of the task
itself will determine +the extent of the load placed upon
gach machanism involved in task performance.

Rezearch  inducted by Wickens et al. (.986) to assess the
actual w kload demands imposed by complex cognitive taska
served to  highlight +twec impertant characteristics of
workload. Firstly, that human information processing
resources are limited.  Irrespactive of an individual's
level of skill/experience, his/her abllity to process
information will be subject to an upper limit (Hicks and
Wierwille, 187%). The most significant implication being
that overlecad is possible. It has been noted (Norman and
Bobrow, 1975} that as workload levels near the upper limits
of an individual's ocapability, a gradual deterioration
occurs in his/her information processing performance.

‘The gradual nature of performance deterloration mey be
attributed to ‘e second characteristic highlighted by

Wickens et al {1956}, namely, interference between the
demands of i .vidual tasks and the processing stages
themselves. Kantowitz and Roediger (1980) theorised that

human informaticn processing stages can be arranged In
different patteras, with the simplest pattern, ‘'serlal
procesging' occurring when therse is a chaln of stages with
the oputput of one stage being the input of the next. Due
to the complex nature of certain abgnitiVE tasks, e.g.,
process control, serlal processing is highly unlikely.
More likely, information will be sBubject to parallel
processing - when several stages simultaneously have access
to the same inpputs and outputs, or hybrid processing -
where serial and parallel processing occur in the same
activity. Increasing task demands on human information

11

bl



processing  mechanisms vesults in a2 corresponding increase
in the complexity of proceszing patterns in ord.r to
maintain gimuitanecus performancs across a mmber of
aub-tasks. The limited capacity of the human information
procesasing asystem prevents an individual from performing
more and more operations in order to satisfy task demands.

Instead, ‘'time sharing' - +the performance of twe or mere
activities ir rapid alternation (McCormick and Sanders,
1982) wlll occur. A conseguence of time sharing is that

interference occurs between processing activities (Wickens,
1987), resulting in deterioration in the performance ¢f one
or all of the tasks between which resources are ~hared.
Dual task interference is greater when the tasks share the
same inputg or response modality or make eguivalent demands
on internal processing mechanisms (Mcheod, 1876).

These characteristies, nawely, that the demands impeosed by
two orx more ralated tasks may compete for the resources of
a linited ocapacity system, have important implications for
the techniques of mental workload measurement. These
implications will be discussed in finer detail in the
section Spare Mental Capaclty (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, 1582;
Petersan and Bowas, 1982). What is frequentiy overlooked
is that these gJifferent forms of work and task analysis
have evolved *to serve different analytic objectives.
Commenting on task analysis, Drury {1983) maintains:-

tThis analysis is identical whether it is to be usad to
design the equipment, the procedure, the training

scheme or the selection reguirements. How it 1is
implemented will differ greatly 1in each case ..."
(p.19).
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Belecting the ‘'correct' furm 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 domwain of ergonomics.

The success of any attempt to design interventions inte
man-machine systems will bs largely dependeni upen the
extent of +the designer's understanding of the fundamental
functieng to be performed by the system under investigation

(Meister, 1871; 1976). It is important teo emphaslge that .

at the initial stages of consideration, the ergeonomist is
primarily concerned wirh the identification of function
rather than with organisational xroles. Wwithin this
context, Drury (1983) defines functions as the major
logical units of behavieur (in terms of either human or
machina activity) which are heeded to accomplish the
objectives of the systen. Cleosely asspciated with this
concept of abstract function is the notion of the 'task' as
the melecular unit of human-machine system activity.

Tasks are similarly defined by Drury {1983) as being ths

smallest wunits of behaviour which need to be differentiated

in order to solve the prcblem at hand.
IThe principal aim of the ergenomist in analysing
work-supporting structures wmust thus be to provide a
detailed demcription of functions and tasks in terms of
their interaction with the ovarall system's purpose and
its inplicaticns for tha human-machine
workspace—envirenment configurations whach must support
task performance” (Fisher, 1986, p.453).

As task demands upon the human component ih medern
man-machine systams become wmore wognitive, involving
sophisticated human information processing, traditional
techniques of task description and analysis, which are
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largely  observational with the omphasis being on
standardisation, which focus on pasychomotor abilitias and
prhysical proficiencies, and which have their foundations in
organisational psychology ahd psychometrics, for example,
Fine's Functional Job Analysis (Fine, 1963) and McCormick's
Pogition Analysis gQuestionnaire (McCormick, Jeanneret, and
Mecham, 1969), hacome less useful and increasingly
difficult to perferm. Rather, an approach focusing on
human cognitive abilities, emphasising decisioh-making and
information handling. aspects of work is required,

Harker and Eason (1980) proposed a kilighly versatile
approach to task analysis based Tupon the application of
soclo-technical systems <theory te +he structure of the
task, with the emphasis on systens ergonomics and the
cognitive psychology of task demands. Commentina on forms
of task analysis such as those proposed by Fine (1963) and
MeCormick, Jeanneret, and Mecham (1969), as well as more
current: forms, Harker and FRason (1980) emphasise that task
conditions tend to be confused with task performance and
that, moreover, by concentrating on the conditions and
performance factors Zfor the usual Ffulfilment of task
demands the analyst wlll fail to conceive the variety of
tagk conditions with which the task performing structura
muzt cope. This will have significant jmplications for the
range of skills needed by the human cperator 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
characterlstics will be obtained., This will facilitate the
reconceptualisation of the task in line with the theory of

socio-tachnical systems (traditionally applied +o
organisations), where +the +task ig ©regarded as a
selﬁ—organisiﬁg, salf-sufficient system displaying

14



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

The analysils itself comprizes six phases of investigation,
focusing on these components and their relationships. For
present pufposes a detailed discussion of these phases
would seem appropriate.

The first phase regquires the establishmwent of the
boundaries of the task system. This enables the analyst to
prescribe the extent of his/her immediate interest, to
identify +the Jlevel of organisational action at which the
analysis will +take place, and tn'"preserve (as input and
outpuis, etc.), the critical relationships with other
organisational levels without  invelving the  (often
synthetic) partitioning of +task components Jinto assumed
component levels" (Fisher, 1986, p.454}.

The second phase involves detsrmining the goals of the task

system. The extent to which thes=ze can be specified will
indicate a great deal about the flexibility of the system's
structural requirements. However, it is possible +to

identify for any task structure a range of goals, many
being sought simultanecusly. Where there is a multiplicity
of goals therer must be a trade off betwean them, and an
analysis of goals requires the analyst to establish a
priority of goals. Furthermore, it 1s necessary to
differentiate Dbetween those goals set as the product of
work production as against those which are concerned with
ensuring the ¢ =2tinued viabilitv n? the task structure
itself (e.g., uwuman safety o lth, and care and
maintenance of equlpment, &+

Fhage three comprises identificnation of the type and
dagkree of ‘'openness' to the +task inputs. O0Of importance
here are the range and predictability of the inputs
themselves as well as the degree of contxol over them that
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the task system is able to exert. The more 'vpen' the
condition, the greater the demand for the task structure to
be flexible and adaptive. The essential requirement in
this phase of analysis is to establish the task parameters
which are both wvariable and critical to task performance,
and to focus attentlon wpon the performance strategies
necassary within the task performing structure.

The fourth phase in the analysi=z concerns the detail of the
transformation processes undertaker by the task system.
The maln objective being to identify the invariant
transformational characteristics, time conatraints,
seguential, reciprocal and parallel relaticnships, ete.,
and their relationships with goal and input variability.

The fifth phase involves extracting from the description of
the gystem which has eme.ged fr-m the first four phases, a

minimem system  struct which would achieve the
transformations necessary, given goal and input
conditions. This enables the analyst to remova any

preconditions of system structure which may be induced by
overfamiliarity with existing or traditlonal systems and
use the minimum structure as the basis for a variety of
task performing confiqurations.

Having reached an understanding of the various factors
influencing +the <task there is still the requirement of
gpecifying the characteristies of those parameters
impinging upon task performance which may be externally
determined. The sixth and final phaée in the analysis is
concerned with the process of making such specifications.
Based upon the mninimum systems structure emerging from
phase five, together with his/her understanding thereof,
the analyst is required to consider a further aix aspecte
in order +to begin constructing an alternative optimal task
supporting entity, wvis, what skills and capabilities need
to be contained within the task system, what should be the
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role of the human; what the implications are for interface
design; what changes if any should be made to the task
structure in order +to best satisfy the minimunm structure
revealed at +the  fifth phase; and lastly what provision
should be made for selection and training (Harker and
Easofi, 1980}.

Despite the  theoretical appearance of the analytical
grocedures proposed by Harker and Eason (1980), when
considered from the perspective of socio-technioal systems
theory, it becomes avident 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 concepts anables the analyst
to uge the same tool across a wlde range of task
structure. Fisher (1986} considers the major advantags of
this approach to task &analysis as being "the ability 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 with the entire organisational structure!
{p.456).

The form of task analysls proposed by Harker and Eason
{1980) would appear to surpass most current Fforms of
analysis by allowing the ‘lyst to take into consideration
the broad range of conditicns with which the task
performing structure mnust cope, +thereby enhancing the
flexibility of the fundamental task stracture to cope -ith
varying demands. furthermotre, the proposed procedures
provide information concwerning the nature of the task in
terms of the nacessary  human, technological and
environmental sub-systems at a level of descrip“ion
fuza.litating detalled congideration of the interacting
elements but without necessitating a predisposition to a
golution strategy (Fisher, 1986).

17




~

Given +the isgues highlighted in this sectlon concarning the
use of task analysis in the context of both metal workload
research and ergonomics, 4t is contended that for the
asgsessment of wmental workload experienced by indilviduals
performing complex cognitive tasks, analytical success is
dependent upon an accurate and rohbust model of task
demands, Models of this nature are to be found in the
induciive reasoning paradigm, particularly in the domain of
analocical reasoning (e.g., Sternberyg, 1977; Mulholland,
Pellegrino and Glaser, 1880).

Based upon his ploneering investigation of the information
processing components invelved in  analogy task sclution
Sternbery {1977} developed a componential theory of
analogical reasoning in which he identified a set of
information processing components which he believed were
suffioient Ffor describhing the flow of information
processing from the beginning to the end of analogy task
solution, and proposed several mnodels, each representing
different assumptions concerning the order and mode of
conmponent execution (see thke =ections Sternberg’s
Compenential Theory of Analegical Reasoning and
Componential Models of Analogical Reasoning in Chapter 3
for detalled discussions of the theory and modeis
raspectively}. . 8ternbery's research Ffalls into the
category of cognitive research referred to as componential
analyais. Although Sternberg's theory and subsegquent
research provide wvaluable insights into the nature of
mental abilities, 1t has until now been excluded from
mental workload research. However, based upon the findings
of their componential investlgation 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 moderating
influence on overall asolution s . .ategy. No research has
since bean undertaken to investigate this assumption, as it

wonld apply to geometric analegy task performance.
1
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Tt is a major contention of this thesis that Stexrnbexg's
theory, and componential models in particular, could well
provide valuable information regarding +he nature of
cognitive task stiructure, and the influence thereof upon
the mechanisms of strategy choice. This information could
gerve o enhance the preéent understanding of mental
workload and its strategie influences on cognltive task
perfornance,

Operator Orientated Factors

Operator-orientated factord  include = the  information
processing capacity of the human systems component, and the
proficiency with - which ha/she recognises the use for, and
make use of these capacities in task performance.

A common source of Q&ifficulty in relating processing
capaclty to +task demand is that the precise ways in which
tasks are performed differ widely between individuals and
within any ona individual on different cccasions. There
are usually sevaral ways in which task demands can be
related to or ‘'mapped-onto" capacities. In other words,
there are usuwally different methods or 'strategies' for
achieving adeguate performance, some being more efficient
than others. . skill, 1in terms of cognitive task
porformance, would therefore appear to lie in selscting the
nost efficient out of any range of available information
processing strategies. In fact, numerous theorists, w.g.,
Bainbridge (1978); Hacker et al. (1978); Leplat (1978),
consider processing expertisza to be a function of skill and
practice.

Bainbridga (1578) suyggests that increasing experience may
have several effects on both the puomber  and type of
dacisions which must be made %o choose an appropriate
strategy. The experishced individual may use a particular
strategy automatically, because the alternatives have been
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assessad against decision eriteria on previous occecasions,
go & decision would be redundant. The individual has
learned the properties of the processing strategy and of
his/her own behavicur in relation to it, thus facilitating
the gelection of an  appropriate strategy without
exploraticn, by fore-knowledd¢e of results. Consegquently,
the experienced individual dJoes not have to carxy out the
alternative strategies +to discover whether they are
appropriate, therefore time and effort are not wasted on
inadec¢uate methods. The processing strategy is controlled
with Jlow error and low uncertailnty, allowing the individual
to have better contrel of the amount of mental effort
he/she expends. )

For an inexperienced Iindividnal all processing strategies
are more complex and uncertain, and therefore slower. A
major portion of the individual's strategy is concerned
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, s=so not only is the amount of work
raduced, but a higher proportion is directly task related.
An evalaation of the task performance of an exparienced
individual would suggest that  he/she has a larger
information processing capacity +than an jinexperienced
individual, but this may ococur only because more of the
mental work he/she performs in a giveh time is directly
task related.

Thus, it would appear that increased experience saxves to
enhance an individualls level of profloiency cn a specific
task or greoup or tasks, thereby reducing the metal effort
he/she expends in order to meet task demands.
Consecuently, the same actual demand will impose different
lavals of opsrational workload dependent on the cognitive
capabilities of an -individual.
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An increagse din the demands' imposed by a cogniive task
should affect stratagy choice , (Bainbridge, 1978). When
task .4emands increase, it is important to establish whether
an individual can use a different working method which will
yleld increased task performance for the same amount of
mental work (Sperandio, 1972).

Tn well practised behaviour, changes in efficiency have
occurred at a:. levels of behaviour organisation, with
complex iInterrelations between levels and Iower levels
being independent of '"consclous! monitoring (Bainbridge,
1978} . Should the individual revert to devising new
nethods and an active choice of p%ocessing stratagy, this
could disrupt the parts of task performance which are
organised autonomously. These t‘'lower' 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 rapidly
dastructive effect on task performance, thereby
exacerbating the individual's uncertainty about the
properties and adagquacy of his/her own performance.

An individual might s=select several methods of simplifying
the +task shouwld he/she be unable to perform all of the
necessary sub-tasks. = For axample, he/she may attempt to
continue as normal, find this impossible and so omit whole
sectiona of the task at random, alternatively the
individual mwight concentrate on high priorlty aspects and
forget  others. Given a fuller understanding of the
strategy choige mechanisms, it may bs possible to predict
what types of breakdown reaction could ocecur; assuming that
each individual gilves main welghting tc some particular
type of parameter in the task performance decislon.

The preceding discussion of operator orientated
determinants of mental worklead would appear to suggest
that a breakdown in task performance under high demands
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could occur as a natural functien of normal decision-making
mechanisms, wrather than through an actual deterivration in
information processing capacititiaes.

Areas of Application For Workload Measures

To a large degrea, the measurement technigques chosen for
workload assessment will be determined by the intended
usage of evaluation results. However, an overvhelming
majority of worklead zresearchers tend to overlook this
fundamental  poink, adopting the attitude that once
developed, an assescsmant tachnigue would be valid forx all
purposes for which mental worklead information is required.

Chiles and Alluisi (1979}, recomising the somewhat
optimistic mnature of this assunption, have identified three
major application areas for workload research. TFirstly,
identifying individuals with appropriate information
prooessing exparitise and attitudes constitutes a
fundamental element of Parsonn . 8Selactilon. Secondly,
gystem design is an area whers measurement would be
primaxrily concerned with the prediction of workload to he
imposed hy new systems, system componants or procedures.
Flnally, with the vcasa of modern high tech systems, where
new technology ' is continually being introduced, expanding
the capabillties of the man-machine system and changing the
nature of man-machine Interface, it is of particular
importance that worklead assessment technicues have ths
ability to distinguish between ‘'ta.: orientated' and
loperator orientated! sources of workload. This will
gnable the researchers to cbtain more information about the
specific locus of unacceptable workload (i.e., design,
training, emotional eto.), by using a method best suited to

that area of investigation. It 1is appropriate at this
stage of the discussion to conduct an assessment of mental
workload measuremsnt techhigues. The ensuing discussion

will hopefully cemonstrate how an inadequute thaoretical
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framework affects evaluation mgthodologies and results in
incomplete and often invalid conclusions concerning the
nature and affects of mental worklead.

Mental Workload Measurement Technigques

Developing a theoretical understanding of mental workload
constitutes ohly part of any attempt towards the
alleviation of unacceptable levels of mental load. Any
attempt at practical intervention relies for ite success
upenn  the translation of theoretical concepts into practical
methods for the measurement and evaluation of workload and
its consequencaes on cognitive task performance. Attempts
at this ocritical process led to the proposal of numerous

meagures, test ingtruments and eanalytical procedures,
collectively  termed "warkload estimation technigues'
(Casali and Wierwille, 1983). However, the 1lack of

consensus in theoretical understanding of mental workload
(Moray, 1982) has resulted in a severely limited empirical
pase for assisting workload researchers in the systematlic
gelection and subsaquent application of appropriate
workload estimation  techniques {Casali and Wierwiile,
1984).

It i1s of particular importance to make aertain that both
the salection and application of worklocad measurement
techniques are conducted under the strictest, controlled
experinental conditions, as this will ensure that the
design, procedural or operator-related dacisions made on
the bhasis of theoretical assumptions and incorporated into
the workstation, are in fact wvalid and wlll have the effect
of enhancing overall task perfcrmance.

Essentially, the high degree of complexity associated with
the wvalldation of mental workload measurement techniques
may be attributed to the transient naturs of worklcad
itself, 4its locus within an individual's cognitive system,
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tha (oritical) consequences of indivigual overload and
traditional problems such as experimental control and
reliability (Casali and Wiexwille, 1983}.

*Mental workload itself cannot be directly observed and
therefore its pressence and ite severity must be
inferred from  changes in overt behaviour and/or
measurable physiological and psychophysiological
cunctioning® {(Casali and Wierwille, 1984, p.1033).01

It is significant to note that many of the measurement
techniques proposed by mental workload theorists are based
on the assumption of a connection batween mwental workload
and soms specific  behavioural, paysiological and
peychophysiological change. Such changes are oonéidered to
be a consequence of load. As a result it is assumed that
by measuring the extent and changes in conseguences, a
direct indication of the extent and changes in mental
worklcad will be obtained.

In view of the theoretical understanding of human
information processing and its outcomes, it would seenm
valid +to assume that an lhdividual would experience some
veaction or consequence as a result of mental workload.
The fact that rhuman information procesaing mechanisms are
activiated, Inplies sowe evantual task related output
{performance, decislon making, etc.). However, problems
are encountaered when It becomes necessary to declde upon
which of the behavioural, physioclogical or
psychophysiclogical dimensions will change as a result of
mental workload, how these changes will be manifested, and
how fthey should be assassed. The type of measurement
technique selected will determine the criteria upon which
decisions of this nature zre based. Before embarking upon
an agsessment of each type of technigue, it is imporint to
consider two ragquirements, highlighted by casali and
Wierwille (1983), that must be satisfied by evaluation
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techniques, i.e., Mathod Sensitivity and Low Method
Intrusion.

Method Sensitivity

Casall and wWierwille ({1583) have defined method sensitivity
as the ability of a mneasurement technique te "reliably
discriminate between ievels of Il1oading" (p.625). A
measurament +technique should bhe abla to lsolate the effects
of the task being cbnsidered, without reflecting extransous
variation from other task demands or 1irrelevant tasks
(Cagali and Wierwille, 1984) and, having achleved this be
able to provide an account of the variation of these
effects with changes in load.

The assessmerit of method sensgitivity is largely dependent
on the spacification of the loading Zlevels themselves.
© 8hould a researcher find it nécessary to diseriminate only
between high and low workload lavels, " this could be
achieved by a zrelatively insensitive technique. However,
of greater concern would be a situation reguiring fine
distinctions bhetween levels of loading, Under such
circumstances the degree of methed sensitivity would ke a
function of itg ability to determine ‘'statisotically
significant differences in workload! (Hicks and Wierwille,
1979). It is important to emphasisa that the determination
of loading 1levels should not be dependent on measurement
technigue capability, but rather, a measurement technique
should be salected 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 concurrent usfe of a workload estimation
technique, related procedura, or assocliated apparatus"
(Casali and Wierwille, 1983, p.625).
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Icdeally, workload measurement techniguas should in no way
intrude upon task performance, as this will have the
undesirabla effects of altering pexrformance, thereby
resulting in unrepresentative task behaviour and inaccurate
indices of load. To assess the intrusion effects of a
workload measurement technigue would require that a
resaarcher apply the technigue durlng an instructed task
segquence, and thereafter obtain measures of +task set
performance.

Basad 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 {1978} conoluded  that workload measurement
technigques can bhe broadly classified into four wain
cateqgories on the basis of their assumptions about the
nature of mental worklead and its consequences for systems
performance. These four categories arer-

- Primary Task Measures;

- Spare Mental Capacity Measurr s;
- Physiological Measures;

- Subjective Opinion Scalas.

Attention will: 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, 1578; Hicks and
Wierwille, 1979; Casall and Wierwille, 1983; 19B4) refer to
the task 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 Wwill he
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reflgcted by measured changes in primary task performance.
According to the primary task hypothesis, worklead
increases will produce a corresponding deterioration in

task performance. A reduction in workload levels will,
however, allow +the level of task performance to return to
- eguilibrium. A common feature of primary task measureg 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} . Task performance variation is quantified
by comparisen of actual primary +task performance to
preassigned ‘task objectives. Typically, task performance
is broken down into a number of task dimensions for which
it is possiblg to obtain quantitative performance data, in
tarms of deviations from baseline performance levels,

The number of primary task dimensions assessed is largely
determined by the complexity of the primary task itself,
e.dg., process contrel will involve the performance of more
sub-tasks than a simple motor task. Conseguently there
will be more dJdimensions aleong which wvariation can be
assessed. It is important to mnote that daspite the
complexity thereof, the breskdown pf the primary task into
task dimensions facilitates the selective analysie of
primary task dimensions. Certain workload theorists (e.yq.,
Hicks and Wierwille, 1979 Casali and Wierwille, 1943,
1584} have combined the measured varlations in a number of
dimensions into a single index of primary task variation.
Wwierwllle and Gutman (1978) demonstrated multivariate
measures to be superier to a single dimension measure for
the purposes of post hoc atatistical analysis. other
theoriste, however, disagree. For example, Bortolussi et
al. (1986) argued that a single sensitive dimension will
provide a more acourate indication of load variations than
will a multivarlate index, which may comprise certain
dinensicns inseneitive to variations in worklead. To date,
however, the choice of primary task dimensions has been
largely at the disaretion of the individual researcher.
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Casali and Wierwille (1984) have proposed an slternative
method for the selection of primary task dimensions. fThey
suggest that task dimensions be chosen on. the basis of the
type of processing activities required for  their
performance. Casall and Wierwille (1984) based thair
selectlon of primary task dimensions on the Classification
of Universal OCperator Dimengions proposed by Berliner et
al. (1964). The advantage of this approach is that there
iz an attempt to link primary task measures to a theory of
workload. Corseguently, the dimensions measured are likely
to have more wvalidity (in so far as the theory itself is
walid} than +those selected purely on the basis of overt
task responses. However, .as with most mental workload
measurement  technigues, this 'approach expreriences the
recurrent problem of having to measure the behavioural
component which due to the predcminantly cognitive nature
of primary task dimensions, becomes Increasingly somplex
and lesz apparent. To evaluate dimenzlons other than task
parameter deviations in this way, would require more
research into the structure of the primary task.

Given the fact that primaxy task measurement technigues
have the ability to neasure ohly overt task performance,
the main disadvantage of the method ig thus its overall low
gensitivity (Gartner and Murphy, 1976}. As a result, meny
of the components of the total workload may be overlocked,
e.g., two different task configurations may reflect egual
primary task ratings, but in reality the effort expended by
the subject on one task may greatly exceed efforts on the
othexr. Furthermore, in terms of the alleviation of high
workload levelg, primary task indices £fail to indicate
whether the spurce of workload is either 'task oriantated!
or ‘'operator orientated' or whether the problem is one of
perceptual, mediational or response resource loading, l.e.,
the measure has low diagnosticity (Wickens et al., 1988).

The advanﬁageé of primary task measurement techniques are
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twofold. Firstly, since performance iz monitored elthar by
a third party or, as 1s wore common, by a racording
fagi¥ity in tha eguipment itself, such methods are
potentially neon-intrusive. = Secondly, the subject is not
‘required to perform - any additional behaviour for
meagurement purposes (Hicks and Wierwilla, 1979) since
kehavicur assessed by primary task measures is already
present as part of the normal task rapeftoire.

Spare Mental Capacity (Secondary Task) Haasures

In an attempt to create more novel techniques for workload
measurement, researchers bhegan to move away from the
measurement of how much mental capadity ir expended, to the
congideration ¢f how much is not. The glestion of reserve
mental capacity led ta the development of measurement
techniqﬁss through the Spare Capacity theory and Secondary
Task Method. The spare mental capacity technigues assume
an upper limit on the human operater's processing
abilities.

As discugead in the sectiorn Task Orientated Factors
garlier in this chapter, the informational demands of twe
or more mental tasks compete for the resources of a limited
capacity human  Iinformation processing  system, any
overloading of which will cause performance decrements in
one or more of the tasks (Wetherell, 1281). Alternatively,
should no overloading occnr, a certain amount of raserve
mental capacity will remain dJdormant. By measuring the
reserve capacity, an indication is gained of the mental
load invelved in task performance (Kalsbeek, 196B). Albeit
that primary task measures assume performance variations to
ba representative of changes in +task imposed workload,
Falsbeek (1981} points out that an individual may keep task
performance constant by sumhoning further effort from a
reserve store kept Zor the purpose of dealing with short
periods of overload. '
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The secondary task method attempis to evaiulate the extent
of reserve or spare mental capacity and use this as an
indication of the extent to which the human information
proceseing system i8 engadged in meeting task demands. This
i=s achieved by the introduction of a secondary loading task
to ba performed simultaneously with the primary task.
Successful sacondary task performance would suggest that
the pfocessing capacity of the individnal exceeds the
demands of the primary task (Knowles, 1963) and that there
is adequate spare wmental capacity =for secondary task
performance. However, as the demands of the primary task
increase, reserve capacity will decrease and seéondary task
performance will detericrate. It is necessary to take into
consideracion the Implications of secondary task measures
by making "judgementé regarding thelr sensitivity and
intrusiveness. The first, and most central of these issues
iz that of Dual Task Interferenca,

As discussed in the section, The Concept of WMental
Workload earlier in this chapter, preocessing ocours in
different stages amndl at each stage there are a number of
srocessing mechanisms or resources. Should two tasks/task
sets distribute demands across these resources, these will
be time-shared gquite efficiently. If however, the tasks
impose demands on the same resources, lhterferance will
result, causing a deterioration in the performance of one
or both of the tasks. Since secondary task tachniques are
intended +to evaluate the effects of primary task
parformance on the secondary task efficiency, it is
important that the demands imposed by the secondary task do
not draw  upen equivalent raesources and thus cause
artificial changes in primary +task performance through
interference. Such intrusiveness would result in erroneous
estimates of imposad workilcad. Secondary task desiqu. is
therefore vital to - the wviability of $Spare Capacity
Technigques as measuras of mental workload. A mumbar of
methods have been developed Ffor the purpose of minimizing
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secondary task interference, +these Include:- modality
specification, task ocomplexity, temporal structure,
congtancy of secondary task regquiremants 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
{Tayloxr nd Camphell, 1976}, Wetherell {1981) proposes that
by selecting the modality for the sec Jary task that ie
least used in the primary task, such eifacts can, to some
extent, be reduced. : )

A second factor requiring congideration during the
constriction of a secondary task 1 +the level of task

complexity. Secondary task complexity will determine the
amount of processing capacity required regardless of
madality. Highly complex secondary tasks will therefore
raduce 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

slmplistic, subject response will quickly become automatic
(Vidulich and Wickens, 1986}, irrespective of the nature of
the primary task, resulting in low method of sensitivity.

Tha third secondary +task factor to be considered is the
gspecification of its  temporal  structure. Temporal
structure can be specified along two dimensions, i.e.,
forced paced or self paced. A forced paced task structure
requires the subject +to perfor» the serondary task at s=et
intexrvals. This may be achiaved by eitner the presentation
of stimuli at regular intervals, or by specifying that the
secondary  task must comply' wilth certain temporal
reguirements. Belf pacing refers o conditions where the
subject performs at his/he; own paca. Brown (1978)
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emphasises that since subjects set their own response rate,
salf pacing prevents between subject comparlsons.
Furthermore, between subject vari&tions in response rate
may well be due to natural pacing rather than an increase
in experienced workload. As a reault, Brown (1%78)
concludes that for secondary - tasks to be useful workload
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 different levels of difficulty, and
facilitates +the moment +to moment eéquation of task
performance.

The  final coriterion for secondary task speciflcation
concerns the relative priorities the subject is instructed
to assign to each of the twe tasks. In Spare Mental
Capacity Technigues the subject should be clearly
instructed to regard the additional +ask as being of
secondary importance <to primary task performance. Failing
to heed such instrutions will result in unacceptable levals
of sacondary task interference, thus lowering the validity
of +the method.: Albeit +that in many applications task
priorities are inherently clear (Brown, 1978), instructions
tc the subpjacts remain necessary toe ensure the prevention
of confuslon over task priorities.

Tha preceding discussion of +those issues relevant teo the
use of secondary tasks as mer'-l workload measures, has
served +to highlight +the oompli.aity of the Secondary Task
methed. It was emphasised that the datailed specification
of the subsidiaxy task can facilitate the suocessful use of
raserve measures as indices of mental workload.

32



Physiclogical Measures

A further attempt at chjective measurement is evidenced by
the freguent wuse of physiological indices of mental load,
which to a large degree oan be seen as a result of the
phyaical 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 +two as.umptions. Firstly, that
workload has the effact of imposing some form of internal
'stress! (Weinar, 1982) upon +the” subject; and secondly,
that fluctuations in workload will cause certain
.involuntary changes to take place in the physiological
processas of the human body {Ettema and Zielliwis, 1371).
As a result, numerous woxkload researchers (e.g., Ettema
and Bielhuis, 1871; Bauer et al., 1985: Goldstein et al.,
1%85; Stern, 1287; Wilson et al., 1987) have argued that
measures of physioclogical change can be used as an index of
cognitive activity and mental workload impased by task
demands. Certain researchers (e.q., Mulder and Mulder,
1983) have even attempted to identify the processing stage
being loaded.

Physiological measuras taken for workload research purposes
include:~ heart rate, sinus arrythmia, adrenaline and
catechelam'ne excretion, electrical brain activity, ete.
However, the theoratical and methodologleal problems
associated with the use of such indices have served to
rastrict their use as effective mental workload measures
'(Hicks and Boliday, 1972).

Thae £irst major theoretical flaw associrted with the use of
physiological indicatorg as indices of mental workload
concerns the assumption of a direct relationship between
cognitive . arousal and physiclogical reaction. However, the
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multi-dimensional nature of the two variables makes any
attempt at & meaningful interpretation concerning the link
betwen cognitiva activity and recorded physiologiocal data
extremely difflenlt. For example, research conducted by
Ettema and Zielhunis {1971) revealed similax physiological
changes in a number of worklead sitwations., Moreover, the
likelihood exists that sinmilar task demands may induce a
range of physiological changes, thus introducing a further
proklem of distingulshing between such chatiges. Finally,
tha vexy nature of cognitive functioning, i1.e., the
rapidity and subtlety  thersof, would suggest that
physiclogical measures are  sensltive to  cegnitive
processing only at the most general fevel.

Tha principal of Graceful Degradation provides avidence of
the gradual build up of mental workload. Primary Task
measurement technigquas show measured devliations in primary
task performance gradudlly returning to haseline levels,
thus indicating a simlilar effect in the reduction of
workload levels. This cumulative, rather than
instantenecus nature of workload, raferred to as the Time
Lag aeffect, is relevant to the physiological measurement of
mantal workload. '

In elatlon +t¢ cognitive flux, physiological chénge is an
extremaly slow process (Strasser, 1977). Conseguently
there will be a considerable time lag between the onset of
cognitive change and its corresponding physiological
reaction. In addition, wvariables such as cognitive
proﬁass, physlological funotion and characteristios of
individual subjects will cause variation in this time lag.

A third problem ancounéarad vhen using Physiological
Measures concgerns the procedura, which typleally involves
the scoring of physlological rxeactions in terms of
daviations from baseline lavels. Casali and Wierwille
{1983) argue that the wide range of normal physloleogical
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baselines and £lux ranges have the effect of invalidating
batwean subject comparisons. However, the wvalue of
physiological measures in differentiating Dbetween
intraindividual states has not been discounted.

It has been argued that physiologlcal measurement is
readily available, unobtrusive, and is related +o tha
expenditure of both mental and physical effort by the
subject (Rolfe and Lindsay, 1973). The unobtrusive nature
of physiological measurement must Pa guestioned when
considering the nature of the equipment used to meaasure
physlological responses., Not only is the physical presence
of this equipment disturbking, uncomfortable and artificial,
some eduipment niay have the effect of actively distorting

primary +task performance, Intrusion effacts ares thus a
particular problem with physiclogical measures.
Purthermore, the mMeasurement of certain physiclogical

reactions raquires the use of sophisticated wmedical
equipment, which can only be operated by highly ¢qualifiad
perso-nel.

Ease of implementation therefore becomes a factor to be
considered when evaluating the viability of physiological
measuremnent techniguas. :
Villeges and Wierwille (1979) assert that no single
physiological measure is a sufficiently reliable workload
index, and advooate the use of multiple measuras. Thé true
meaning of physicloglcal responses can only be interpreted
if there 18 a comprehensive khowledge and understanding of
the task situation (Rolfe, 1%768). Rolfe and Lindsay (1873)
azsert that a physilological response should perhaps be
cansidered merely as an index of subjective load.

Commenting on the wviakility of physiological neasures,
O'Donnel (1279) argques "For many applications, there is no
reason to resort to the prossdures and technioal )
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sophistication recuired to utilize physiological measures,
when in relation 'to other technigunes they are less
pawerful, = needlessgly complicated, ~ expensive and
insensitive" (p.83).

Subjective Opinion Measures

Subjective Opinion measuras of mental workload involve
eliciting subjective information about the demands imposed
during task performance by adfiinistering either post~task

rating scales or guestionnalres to  suhbjects, or
alternatively by mesns of congucting interviews with
subjects. The method assumes, however, that the subject

can analyse and descxlba task demands.

Despite the creativity displayed by researchers in the
field of subjective workleoad, in generating assessment
techniques (Moray, 1982}, the sugcass attained in
validating many of these measures against concurrently
collected  performance measures has unfortunately been
severely limited, This dissociatlon batween subjective and
other measures of mental workleoad has been attributad te a
lack of attention to the validation of subjective
tachniquas and the development of standardized nathods for
thelyr uge (Vidulich and Tsang, 19%86),

Many theorists base thalr validity judgements on the fact
that subjective Tmeasures access ’'operator orientated’
determinants of mental load (Rolfe et al., 1874} (see the
seckion Operator Orientated TFactors earlier in this
chapter for a discussion tharasof}.

The assumption is made that since subjective technigues
avaluate workload determinants not considered by other
teahni@ues, they are therefora valid, a=nd are subsequently
incorporated into a test battery as a theoretical caveraga
of all options'.



Barlier attempts at subjective workload assessment suffered
from a lack of theoratical background. vidulich and
Wickens (1986) argue that while the dissocliation between
subjective assessments and concurrently collected
performance measures wmay well be attributed to the
insensitivity of +the former wmethods, if subjective
techniques are '"lawfuily related to some aspacts of the
human  information processing system, they can provide
usaful information® ({p.291}. As a result, researchers
shonld concentratg on the specification of the appropriate
uses for subjective measures rather than on the assesament
off their overall wvalidity. In line with this argument,
later subjective techniques have come ‘to acknowledge
workload as being coguitively based, multidimensional and
different across Aindividuals, for example, the subjective
workload assessment technique (SWAT) developed by Reld et
al. {1981, 198la), Casali's (1982) Multi-Discriptor Scale
and the NASA Bipolar Technigue developed by Hart et al.
(1984).

While acknowledging 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 technigues. In addition,
BErricsson and Simon (1980) proposed that subjective methods
are s=ensitive only +to conssious mental processes, since
unconsclious processes are not perceived by the subject at
all but the most general level (e.g., feelings of stress).
Unconsaious processes ihclude many of those in long term
nemory as well as those procedural processes which are wall
. practised and have becoms automatic. Given the many
unconscious processes negessary For  successful task
performance, it would seer reascnakle to_’assume that a
considerable proportion of a subject's cognitive task
experience would be rendered unavailable f£or subjective
evaluation. Razearch aonducted by Vidulich and Wickens
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(1286) produced findings in support of these proposals.

A further threat to +the sensitivity of subjective
techniques is the representation of time varying demands in
Subjective  Workload Score ({Vidulich and fWsang, 1%86).
Research findings concerniﬁg this issue have been
contradictoyy. For example, whereas Thornton {1985}
demonatrated that a short peak of very high workload within

~a longer task was likely to bias the final rating towards
the peak wvalue, both Yeh and Wickens (1985) and Vidulich
and Tsang (1.986) found that the overall subjective Workload
Ratings tended towards the average level, thus masking
transient peaks and low levels of workload. Such
nontradlctions indlcate a need to conduct further
invertigation into the conditions under which each effect
¢ likely to ocour,

Probably the most obvious shortcoming of subjective
assessmanks iz beiween subject variability. In a study
nofelurtod by Vidulich and Pandilt (1987) investigating the
variability of a number of subjective technigues, it was
demorstrated that all of the technigues investigated were
highly susoeptibla to individual differences in
Interpretation.

Another problem concerning the séoring of subjective
opinion measurements of mental worklead ls the development
of & suitable scale. Although the majority of subjactive
technigues assume workload to be multidimensional, Vidulich
and Teang (1986) point out that =a divergent number of
dimensions are assumed to define worklecad adeguately in
sach technique.

Pu:thermore, after deciding upon those workload dimensions
to be evaluated, it is nacessary to consider the number of
laevels to »e daiscriminated. Too few rating cholces may
presant too narrow a rahge of options to encompass all the
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levels of workload experienced by subjects, whéreas highly
complex socales may regquire subjects to make f£ine
disoriminations between ocategory descriptions. Vidulich
and Wiokens (1986) consider the selection of scoring
systems for Subjective Opinion Techniques to be an issue of
critical dimpoyrtance. In spite of this, the current trend
in subjective workload research is to address the jissue of
dimensilons to be assessed, rather than paying attention to
the definition of the appropriate composition of scoring
soales. ' '

A wmajor advantage asscciated with subjective »easures,
concerns  their sensitivity o * 'operator orientated’
determinants of Jload, which are not reflected in other
measures of mental load. ¥or exanpls, Vidulich and Wickens
(1986} identified motivation as a factor strongly
influencing the amount of effort a subject willi exert for
task performance, and puggested that highly wmotivated
subjects would maintain good performance standards even
undetr oconditiong of high load. Such inoreases in load will
not be reflected by either Performance or 3econdary Task
measures. Bowever, sinde increased wotivation elicits a
conscious  decision to  axpend greater effort, higher
workload should be well represented by Subjective Opinion
Taechniques (Vidulich and Wickens, 1986). Furthermore,

‘subjective assessments have served to highlight the

intaresting paradox that periods of hilgh workload may sekrve
to inorease job satisfaction and sense of Zulfilment,
thereby enhancing intrinsic metivation (Rolfe, 1973).

Furthar advantages of sgubjective measures include their
ease of administration and low intrusion into primary task
performance (Casall and Wierwille, 21982, 1984).

vidulioh and Wickens (1986) argue that, if appropriately
derigned to include relevant dimensions, rating scales with
associated instruotions and some method of reducling hetwesn
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subject variability, Subjective Opinlon Technigques could
prove valuable in the assessment of mental workload,

' Moreover, subjective amssassments should be used in
conjunction with other indices to provide a broad:y basis
for evaluation and conparison (Williges and Wierwills,
1979) . '

The prededihg disgussion of mental workload measurement
.techniques has #erved to highlight the diffloulties
ericountered when evaluating wmental workload. These
difficulties  are atiributed +o both the complexity of the
concept of mental workload itself; and the inabilities of
workload estimation +techniques +to provide sensitive and
aocurate’ indidations of load. Bach of the measurement
categories disoussed is based within a certain theoretical
framework, the =ind of which ig to achiaeve wmaximum
sensitivity within that framework. Although thile may prove
advantageous  for the wvalidity of each method, it
unfortunately results in the tachnique being insensitive to
thogse workload dimensions excluded from that particular
thecretical paradigm. Many workload researchers (e.g.,
Rolfe and ILindsay, 1273; chiles and Alluisi, 1979: Moray,
1982) hava astressed the inadequacy of using any single
measure for assgessing mnental workiocad. A douprehensive
evaluation of workload can ke cbtained only by combining
information recorded at different stages ang levels of the
complex hkuman information proceséing system. This is best
achieved +through the use of a battery of estimation
techniques, each assessing a partioular sourxca of demand.
For  ressarch  purposes  then, the 1ssues regqulring
conslderation includa the ocowmpositien of the battery, as
well as the specifid design of each technigue to be used.

Chapter Summary

In the present chapter, Mental Workload was deflned as 'the
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extent to which an individual 1s occupied with meeting the
demands made on his/her cognitlve functions by the task in
which he/she is engaged'. The nature of those demands, and
of ‘tha individual's cognitive functions were explored in an
attempt to provide some Ilndication of the factors to which
mental workload measurament  technigues  should be
sensitive, The techniques themsalves were discussed, - in
terme of their zensitivity, intrusion and overall viability'
as measuras of mental worklcad. It was concluded, because
of the inability of a single technigue to access all of the
componants of mental load, the best strategy would be to
use a composite battery of . measures for workload

evaluation.

While taking cognisance of the points discussed and
conclusions drawn in this chapter, the prasent research
shall bring togather the previocusly unrelated research
paradigms of mnental workload and componehtial analysis in
an attempt to Iinvestigate the extent to which Sternberg's
(1877} theory of analogical reasoning, in partioular ths
linear cowponential nodels he proposed, provide information
regarding the nature of task structure, information which
gould serve to enhance +the present understanding of the
concept of mental workload and its measurement.
]

By facilitating the possible identification of
inappropriate work routines at the cognitive level of task
performance, the present research may contribute to the
development of & more sophisticated neotion of task
structure, which together with an enhanced understanding of
the concept of mental worklead, oould stand to benefit
future research into the davelopment of strategies for
reducing attomated system user workload, =vnarienced during
the performance of complex cognitive tasks.

Having discussed the cohoept of mental workload, as well asg
the wvarious mental workload estimatlion techniques, for
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present purposes it vremains necassary to consider the
componential approach to mental abilities, in particular
Sternberg's  (1977) componential  theory of analogical
reasoning.  This shall be the main foous of Chapter 2
(Cognitive Task Structure and Strategy).
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CHAPTER 3
COGNITIVE TASK STRUCTURE AND STRATECY

- COGNITIVE ABILITIES AND PSYCHOMETRICS

The vaét nmajority of theory and research ¢n the nature of
' intelligence . and mental abilities has been conducted within
the contaxt of a measurement paradigm (Pellegrino, 1587}).
The essential feature of this approach is to present a
variety of cognitive tasks to a large gample of
individuals, Scores on these tasks are then correlated and
the resultant corraiation matrix reduced by a multivariate
procedure, typically factor analysis. The goal here being
to obtain the simplest possible mathematical solution for
tha data set, The latter reflects varying consistency in
individual differsncas over %tasks. The basic assumptions
underlying this approach are threefold: Individuals Glffer
in performance on virtwally any intallectual task they are
ragquired +to perform; the differsnces on a given task are
attributable +teo one orx more underlying abilities; and. the
correlatlon of performance scures across tasks reflects
both commeon and distinct abilities,

Over the past few dJdecades this approach has been refined
and applied to data sets of varying size and complexity,
resulting in a variety of factor theories on structure of
human intelligence, for example: Spearman's Two PFactor
Theory {Spearmén, 1904, 1827); Holzinger's Bl Pactor Theory
(Holzinger, 1938)3  Thurstone’s Multiple Factor Theory
(Thuratone, 1938, 1947); Guildford's Structure of Intellect
(SI) Model (Guildford, 1967}.

In the past the psychometric approach has heen hampered by
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problems, stemming from both the contrasting
interpretations of different sets of results and, the
frequent inoonsistency of resulis from different data azets.

Two reasons. could possibly account for the occourrence of
such 7probleéms (due %o the fact that these reasons hinge
upen the use of factor analysis as =a method of data
reduction, and have a significaﬁt bearing on the present’
study, an in depth discussion of the statistical ceneept of
factor analysis will be p:ésanted in the section The
pifferential - Approach to Cognitive abilities later on in
thit chapter). First, the exisgtence of numerous ways to
fac or analyse a single data sat. Different apparent

solutions can b2 obtained for the same data, which lead to
different paychdlogical intefpretations. Senond, the data
obtalned in separate studies differ. The critical data for
any type of factor analysis are correlations between test
scores, the patterns of which are dependent upon, for
exanple, the  actual tests administered and the
characteristics of the group +taking the test. Because
studies wvary with respect to inter alia the group tested,
the total number of tests administered, and the specific
tests inciuded in the test battery, there exists a lack of
comparabhility of eseparate studies, something which is
further complicated by alternative methods of factor
analysis..

Despite such  problems, Pellegrino (l987) axgues that
certain ganeral facts and conclusions cannot bhe

‘overlooked. one pervasive fact being that when a range of

intellectual problems (tests) varying in both content and

 format are administered ¢o a sample of individuals the

result is a matrix of positive test score correlations.
The pattern of data supports a hierarchiidl model with a
general ability, underlying all cognitive performances as

well as several specific abilities (Spearman, 1804, 1927).
Theorists pursiing this approach have endwavoured to
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simplify +the Interpretation wof correlations by way of
general and specific abilities organised in a hierarchical
or multidimensional scheme.  "One way to view factor
theories is 4in +ter s of a structural model of human
intellect" Pellegrino (1987, p.268). Uﬁfortunately factor
theories are unable to provide a satisfactory means of
defining exackly what a factor or ability might bs.
Essentially & factor is a hypothetical entity, an
abstraction, that an individual possesses to varying
degrees. But what is 1t - that - an individual actually
possesses wWhen he or she has high levels of general
ability, or more importantly, scorses well on tests of some
specific ability? It is not clear what "g" is othey than a
mathematical abstraction. Howaever, 1t is pogsible to be
‘mere pracise about the tasks that tend to be loaded on this
genaral factor and some of the underlying sources of
individual differences. There 1is a  relatively
circumscribed ciass of cognitive taske that significantly
contributes to defining the general factor and that
fregquently constitutes all, or a significant portion of,
tests of general intelligence (Jensen, 1980}. Thase tasks
all involve inductlve reasoning, one of the major types of
human  problem solving (Greeno, 1978). All inductive
reasoning tasks have the =same general £orm: a set of
elements of a pattern is presented and the task is to infer
the rule structure in the pattern and to select the best

possible completion. Thiz genaric task structure is
manifest in different task forxrms such as classification,
analogy, geries completion and wmatri- problems using

different types of ocontent, for example, letters, numbers,
words and geometric shapes.

2t present there exists a comprehensive understanding of
the cognitive processes and knowledge underlying
' pérfbrmance on these various tasks. Theorists -have
attempted to develop and test explicit mwodels of
performanae on these types of tasks and to use such models
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as the basis of developmental and individual differénces
analysis (e.q., Evans, 1968; Sternberg, 1977; Mulholland et
al., 1980; Pellegrino and QGlaser, 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 gemantic and
quanti*ative knowledge dlifferences, to overall strategy
differences.

Hunt (1974} suggests the posgibility that differences in
performarce on certain induotive reasoning tests reflect a
major difference in the strategy uséd to épproach the task,
and that strategy differences further reflect differences
in understanding the constraints of the task. Studies of
developmental and individual differences in performance on
analoglcal reasoning tasks fe.g., Sternbery, 1977) clearly
indicate that many individuals fail %o evidence an
understanding of the strategies necessary for task
solution, strategies that are supposed to hold in formal
analoglcal reasoning. In fact the instructions prowvided on
any standardised test fail to make explicit the criteria to
be wamed in performing the task (Pellegrine, 1987). Thus
what is  implicit and tacit knowledge for the test
constructor may very well be unknown for certain
individuals taking +the test. Dus to the fact that various
types of knowledge differences, declarative and procedural,
can be invelved in producing overall perfeormance
differences exhibited by groups of individuals on tests of
induective reasoning ability, research needs te be conducted
to ascertain the sources of svch differences.

The issue is not whether a test is good oxr bad nor whether
it serves to differentiate among individuals or groups of

individuals, but xather how  these differences are
interpreted and the need to conduct analysis of the sources

‘of differences that &o exist. Te achieve +this would
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require empirically validated theories of the processes and
knowledge necessary ©To perform specific tasks, theories
that' would facilitate the prediction and explanation of
" performance patterns within and across individuals (e.q.,
Sternberg's {1977} componential theory of analogical
reasoning) . In short, what is mnaeded, is to demystify
axisting measures of cognitive abilities. Merely labelling
them as Tevel I/Level IT (Jansgen, 1968) or rota learning vs
verbal ability wvs g etc., is not an effective substiiute
for understanding exactly what it is that is beding
measured.

MoNemar (1964) provided a summary criticism of paychomatric
research and theory on the nature of intelllgence and
mental abilitles:-

ntgtudies of individual differences never come to grips

with the procese or operaticn by which a given organism
achieves an intellectual response. Indeed it is
difficult to see how the available individual
difference data can be used even as a starting point
for genarating a theory as to the process nature of
general intelligence or of any cother specified ability"
{p.881) . '
. This genaral problem of measurement of cognitive abilities
in +the absence of understanding the measures themselves,
namely the knowledge, cognitive structures and processes
centributing to the performances being measured, severely
inhibits our =sbility +to explain the bulk of research on
group and individual 4. _erences. 'This is not to say that
psychometric research has Zfailed to produce a wealth of
information about developmental, individual and group
differences in performance on a variety of cecgnitive
tasks.  However, the interpretation of such results as well
as the 1limitaticns on such interpretation are another
matter altogether.
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Cognitive Style and Strateqy Choice

. Recant xe=eaxrch in ocognitive psychology has demonstrated
that people - exhibit significant individual Qifferaences not
only in level cof information processing ability, but alse
in the information prncessing strategias that thay adopt
during problem solving and other decision making activities
{Robertsnn, 1985}.

one of the most significant pieces of research on human
information p.ocessing strategies was the work conducted by
Bruner et al., (1858)}. In many respects this study marked
the beginning of contemporary ~ attempts to examine
individual differences 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 differencas.
However, it is Aimportant to emphasise that their research
falled to produce data sﬁqgesting that people's strategies
were consistent either over many trlals or in a range of
different problem solving situations.

other investigators (e.g., Messick et al., 197&; Witkin,.
1976, and Witkin et al., 1977) have, however, identified
individual differenceas in information processing that
display stability as far as the individual person ia
congerned 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 *o such differences as differences in "cagnitive
style,

Extensive research has been conducted on cognitive style
and, a5 a result, a variety of cognitive styles have reen
proposed and investigated, for example, Kagan's reflective-

impulsive approach (Kagan et al., 1964),_2ask's holist and
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serialist strategy (Pask and Scott, 1972; Pask, 1276) and
Witkin's f£ield dependence-independence dimension (Witkin,
1976; #itkin -t al., 1977).

Robertson (1985} notes +that +the Iiterature on cognitive

styla consistently  identifies cognitive styles as
individual difference factors which are not merely
different types of ability. Thus, the two poles of any

cognitive styles dimension are thought +to represent
differences in information processing strategies and do not
merely reflect whether someone displays more or less of a
certain type of ability. Consequently there is assumed to
be a . gualitative difference in the type of processing that
takes place. Howave:, r~nart m (1l985) points out that the

clear conceptual “ N ii®ficult to reconcile with
much of the resear. N

Another point of cu . . * identified by
Robertson (1985) concerns '*u i {or lack of it)
between cognitive style an. . - 3y. The point

he emphasises here is that although the cious differences
identified may in some ways appear similar and in others
gquite different, some of these apparent similarities or
differences are likely to be, in part, a function of the
gpecific mneasurement technigues or circumstances under
which the differences in cognitive processes are
exhibited. Messick et al. (1976} make this point clearly:-

Tt is important to distinguieh cogniltive styles, which
are high 1level hen.istics that organise and control
behaviour acrosgs a wide variety of situations from
cognitive strategies, which are ... a function of the
conditions of particular situations" (p.6).

Assumptions of Psychometrics and Strategy Choice

pifferential  methodology assumes that .a ability or
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achievement test measuras thse same genaral processas and
structures for all examinees, and that between subiect
differences axise dus to cexrtain individual= having more of
the ability or alternatively because they are able to use
it more effectively. Consequently the differences are
construed as cguantitative rather than gualitative. Just
and Caxpenter (1985) disagree with this assunption ang
argue that ite violation may wall account for many of the
gonfusions 1in tha psychometrle literature. For er aple,
¥rench (1965), in a study conducted to investigate the
relationship of problem solving styles to the factor
composition of psychometric tests, showed that different
self-reported strategies (loosely characterised as global
or  analytie) in some psychomatrio tests resulted in
different <factor loadings. Based on the outocome of his
study, Franch (1965) c¢oncluded that M"there sesms to be
axtensiva evidence +as  that tests, even aimple
pure-facter! tests do not measurs the sams thing for all
people" (p.26). Furthermore, Jusi and Carperter (1985)
maintain that test items may sometimes systematically vary
with respect +o which strategy thay evoke and, are of the
opinien that thers ls likaly to be both within subject and
batwaen subject contamination of the single satrategy
sggumption in  all but the =simplest tests (referring
gpacifically to teste of aspatlal ability). Buch
contamination could reault in a test sometimes loading en
one factor and mometimes on another Ffactor if he two
populations  tepted had diffarent strategy prefersnces
{Franch, 1%6%).

Morsover, it will bs recalled from the Zection Operator
Orientated Factoxs in Chapter 2 +that Bainbridge (1978)
guggasted the posslbillty that an inorease in the demands
imposed by a cognitive task could influsnce strategy
cholaa, This assumption le supported by Just and Carpenter
{1985}, who emphasise that (psychometrls) item and test
complexity could wall be major deterninants of the
informatlion procesaing strategg; elicited.




INVESTIGATING THE NATURE Of MENTATL ABILITIES

Numerous approaches have been taken towards explaining the
structurea and oontent of mental abilities. In the past,
two major approaches have enierged, nawmely, the differential
approach and the information processing approach. In theix
endeavour to undergtand the nature ‘of mental abilities
thoge pursuing the differential approach have goncentrated
‘oft studylng relationships between patterns of individual
differences in =cores on psychometric ability testa. The
rationale motivating +his approach is thal a relatively
small number of latent abilities are responsible for
observed variation among individuals parformance on thege
tests: Understanding of abilltiss Is galned by identifying
in the test data the sources of indlvidual difference

veriation. Identification of these spurces has typically
keen by means of gorrelational techniques, in particular
fartor  analysis. Those  following the informaition

processing approach sought understanding of the nature of
mental abilities by studying subjects! performance patterns
on oognitive tasks with systematically varied attributes,
These variations in task atitrlbutes, rather than variations
in subject attributes, have provided the basis for
inferring the nature of mental abilitles. Methods for
drawing infersnces typioally include content analysls of
written or oral protocels, mathematic modeling of response
time or error data, and simulatlon of cognitive processes
on computer.

In recent vyears, various offshoots of these two approachas
{i.e., cognitive correlates approach (Hunt, Frost and
Lunneborg, 1973; Hunt, Iunheborg and Lewis, 1975), and
conponential analysis (Sternberg, 1977)) have sought to
integrata the approaches in ways that would conbkine the
best features of each. These approaches provide
alternative wmeans +to invastigate both betwaan-subject and
batween-stimuli sources of variation, the raspective
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spacialities of the differential and information processing
approaches (Sternbérg, 1979). .
8ince componential analysis coastituntes the focal point of
the present study, an indepth dinvestigation of hoth the
differential and information processing approaches is
warranted, as this would surely F£acilitate a mnore
comprehensive  understanding of the  development and
composltion of the componentlal approach.

THE DIFFERENTTIAT: APPROACH TC COGNITIVE ABILINIES

It was proposed in the preceding sectlon that factor
analysis contributed largely to the problems experienced by
the psychometric approach to intelligence. This,.togethér
wikth the fact that factor analysis bears particular
relevance to the present study, warrants a detailed
discussion of this method of data reduction and its
limitations.

Multiple criteria

It freguently ocours that no single oriterion is to be had
which ocan be regarded ass an unbiased indicator of the
characteristic ®w gertaln peychometric tast ilg designed to
measure, but thare are a number of avallable measures which
may reascnably be regarded as partially related to it. In
such cases a study o©of the correlations of the test with
these partial criterion measures is often informative. In
as much as the criteria are likely to differ with respect
to their self-correlations, the sorrelation for attenuation
should be applied in order to show the ralative degres of
relationship eof the test to the different criterla apaxrt
from errors of measurenent,

If the wvarious partial criteria arve of diverse kinds,
multiple correlations may be used to show the extent of the
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combined relationzhip to the test, in other Wnrdé, the
extant to which +the test variance can be accounted for in
terms of these partial factors trken in combination. It 1s
of importance here, to emphasise that no assumptions as to
causation are warranted on the basis of such a procedure, .
torrelation, whether simple or multiple, merely indicates
the existence of common factors within +the mneasures
corrslated. :

Principles of Factor Analysis

In general, the position taken by factor analysts is that
what appears to be an almost infinite variety of forms and
levele of behaviour may be only the permutations and
combinations of a relatively small number of underlying
factorse or directlonal tendencies which, +taken in their
totality, deseribe the individual in all his uniqueness.

Begcause any act (for example, responding to a mental test
item) 1= the result of a number of these factors acting in
combinations, mental factors cammot be isolated and
recognised by surface inspection nor measured ln terms of
superfioial assumptions as to how and where +they are
manifested. But, as s=tated by Goodenough (1960), if a
comparatively large number of measurements of related fornms
of behaviour or typas of arility are made, such, for
exampla, as would be given by a series of dirffarent kinds
of intelligence 4ests, and the intercorrelations of these
neazures for a partloular group of subjects are calculated
and arranged in +the form of & correlation matrix, "A
certain orderliness in the numerical relationships of
nomologous terms can be noted" (Goodenoura, 1940, p.236).
of signifiocance, is that fact that although these cbasarved
relationships are wathematically sound, they bear no
psycholagical relevance, EBassentially, these yelationships
are unnatural, baing dependent only upon the measurament
soales used by the investigator.
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The Purpose of Factor Analysis

. Thurstone (1947) stated that "factorial methods were

devaloped primavily for th.. purpose of identifying the
prinaiple dimensions or categories of mentality" (p.55).
Thare have heen two opposing schools of thought as to how
this purpose should be accomplished. . Both distinguishk
between stages of hypcthesis formation and hypothesis
testing. Thay differ, however, with regard to the stage at
which it {s believed that factor analysis is most useful.

on the one hand, there are those theorists who are of the
opinion that factor analysies f{e¢ a Puseful tool in
hypothesis  formation rather than hypothesis testing!
{(Humphreys, 1962, p.475). Advacates of this viewpoint
consider factor anelysis as being a useful exploratory
technigque, but net =& useful technigue for choosing among
the theories suggested by initial exploration (Sternberg,
19775 .

on the other bhand, there are those theorists whe regard
fagtor analysis 'mot as a source of hypothases, but merely

as a mekthod of uomparinq, conflrming or refuting

aliernative hypotheses initially suggestad by
nonstatistical arguments or evidenca" (Burt, 197¢, p.17).
Advooates of this viewpoint regard the utility of Factor
analysis a5 not lying in the initial exploration of
hypotheses, but rather Iin the selection of & prefarrad
hypothesis from those suggested by initial exploration
(Sternberg, 1977). -

The intermedinte position, namely, that factur analysls is
useful both as a means of suggesting theories and as a
means of chooslng among them, appears to be the most common
one.
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Fundamental Unit of Analvysis

The fundamental unit of analysis’in factor analysis is the
factor. Bowever, there has always existed, among the
advocates of factor analysis, a lack of consensus as to
just what a factor i=. Thurstone (1947) noted that
nfagtors may be called by dlifferent names, such asg causes,
faculties, ﬁarameters, funectional unities, abllities, or
indepandent measurements! (p.56). Just as there have been
differing opinions regarding the definition of factors, so
tor have thers been opposing points of view vegarding the
nature of factors, namely, the descriptive and the causal.
Burt (1240) toock =& descriptive view, arguing that "the
primary object of factorial methods is neither causal
interpretation, nor statistical prediction, but exact and

systematic descoription" (p.63). Vernon (L971) likewise
adopted a descriptive view, ©regarding factors as
Ieategories for classifying mental or beshavioural

performances" (p.8).

Taking a <ausal viewpoint, cCattell (1971) has referred to
factors as 'gource traits®, and Guilford (1967) has
desceribad a factor as Yan underlying, latent variable along
which individumls differ."

The Objective of Factor Analysis

Pactor analysis begins with a ‘mat , usually of
intercorralatlions amony tasts, ‘The matrix represents the
interrelationships between wvalues (usually scores) on a
numbar of different wvariables (usually tests). The main
aim of factor analysis is to represent the set of variables
in terms of a smaller numbar of underlying factors ox
hypothetical ¢onstructs, namely, +teo obtain the simplest
poa&ible mathamatical  solution for the data set
(Pellagrino, 1987).
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Major Decisions to be made in Factor Analysis
Method of Factor Analysis

There are numerous methods of performing factor andlysis,
for example, the princlpal-factor method, the principal-

component method, the centroid methed, etc. However, it is
beyond the scope of this diseussion to present an in dapth
reviaw of the various Ffactor analysis methods. Rather, for
Present purpnses, it shall guffice to note that the choica
of method will depend on the investigator's goals in

_performing tha analysis., Tha choice of methed, however, is

generally less important than tha choices descrihed bhalow,
Number of Factors

Usually the aim of an investigator will be to retain fewer .
factors than there are tests, since a major purpose of
fagtor analysis is simplificatio?. bifficulty ray arise
whan deciding on how many fadtors to retain. Sternberg
(1977} lists four criteria that are often used, the first
three criteria being validity based, whereas the fourth

eriterion is reliability based. The Ffirst is a prioer
theary, which way specify the number of factorsg to ba
ratained. The second oriterion is the proportion of

variance accounted for by each factor. Fautore accounting
for  trivial proporticne of variance in the data are
generally of 1ittle interest. The third criterion is
interpretability, In using +this criterion, one retains
enly factors to which & meanlngful  substantive
interpretation can be assigned. The fourth oriterion is
factorial invariance. If a certaln factor reappears in
study after study, it im reliable and probably of
psy¢hological interest, whersas if a factor appears only in
an isolated study, it is less likely %o be of psycholegical
interest,




Type of Rotation

The orientation of factorial reference is not unigue and,
furthermore, an infinite member of orientations are
mathematically permisaible. It is agreed upon by factor
analysts that paxt of their job is to decide upon a
psychologically appropriate orientation, but there has besn
considerable disagreement as to what rotation should he
performad - or whether ona should be performed at all.

The most commonly used factor-analytic methods generaliy
yield a factor structure in which the first factor is -
ganeral one, with most factor loadings having the samc
eign,  and subsegquent  factors are  bipelar, with
3pproximé.tely half of the loadings poaitive and half
negative, Factor theorists appear to have followed either
of two approaches to providing a basis for psychological
theorising, The Ffirst approach invelves using the
unrotated factor solution as the basis for psycholodical
theoxising. Such sclutions tend to support the notion of a
gtrong  genearal factor pervading virtually all mentas®
ability tasks. The second approach involves using th

rotated factor sclutions as bases for psychologleal

theorising.

Theoprigts prefeéring rotation ({e.g., Guiliford, 1967) have
arguad that the unrotated factor structure is indicative of
mathematical rather than psychological regularities. These
theoriets maintain that psychologically meaningful factors
can be obtained only through rotation.

By selecting +the option to rotate, a theorist will be
reguired to make two fundamental deaiszions. The first is
whather to use an objective or subjective fomm of
rotation. The second is whether to reguire orthegonal
faotor axes or to permit obligue ones. Horn (1967) has
made & useful distinetion betwean objzetive and subjective
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rotation. He describes an objective rotation as one in
which all investigators whe use the method on the same data
#ill arrive at the same result, regardless of differing a
prior hypotheses they may have regarding the ocutcome, and a
subjective rotation as one ~in which investigators with
different hypotheses may gat different results from the
same set of data.

Factor axes may be either orthogonal or obligue, When
orthogonal. axes are used, factors are uncorrelated. When

obligque axes are used, factors may be correlated.
Performanca on one factor ig not independent of performance
on every other facter. L

" 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 Wrigiey {i954) independenﬁly arvived at

mathematiocally equivalent algorithms that provided an
approximatien +to simple structure. Their technique which
simplified +the rows (tests) of the factor structure matriwx,

was oallad the quartimax method. Kaiser (1958) developed
an alternative,I the wvarimax method, which simplifiss the
columns (facotors) of the atructurse matrix. Since this

outcome wmore closely approximated simple structure and
tended to yiald more Interpretable solutions than the
gquartimax method, it has become the most widely used form
of rotation. It 4is an cbjective method, and results in
orthogonal axes.

- 8ternbery {1977) maintains that the choice of factor
rotation wethod iz of particular importance frum &
psychological viewpoint, because it aonstitutes a major
Aistinguishing element among various factor-analytic
theories of intelligenca.



The differential approach to intelligence was Ffor many
years a most productive one. Through faotor analysis, it
"Pxpvidad the characteristic trend of thought for two
generationg of abllity researchers; permitted the.
investigation . of complex  psychological  constructs;
generated +theories at a macrotheoretical level; provided a
systematic wmeans for studying individual Jifferences,
fostered a synbkiotic relationship between theorles of
measurement and  intelligence that lead to greater
sophistication in eacdh; and proved itself relevant to the
needs of applied settings" (Sternberg, 1977, ©D.35).
Because of these ¢ontributions, and because there was for
many years ne viable alternative to the differential
approach, it was in no way surprising that it thrived for
as long as it 4aid. :

The Decline of the Differential Approach

Despite the earlier successes of the differential approach,
in recent times Interest in the approach has declined
considerably. . The decline has been attributed to the fact
that 1tz opractical +teool, factor analysils, could no longer
meet the numercus demands placed upcn it. Consequently the
entire differential research enterprise becama strained.
The sources of strain wexe twofold:- misuses of factor
analysig metheds and linmitations of these methods.

Miguse of Factor Analysis

Many misuses of factor analysis stem not from failing to
inepect the data, but from using poor Jjudgement in
inspecting them, McNemar, (1951} described ten of the most
commenr problems: -

1. Use of samples tao small to permit stability;
2. oOverinterpretation of small factor loadings and
cisregard for sample size in deeciding upon the mirimum

loading to interpret;
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9.
10.

Irrational decisions regarding rotation of factors;

Usa of unreliable hasta}

Lack of experimental independence amonyg variables that
are factor analysed; '

Belection of <tests so as practically to gquarantee a
predetermined factor structure:;

Use of tests from domains that are +too limited to
demonstrate anything and use of tests from separate
domains known to be uncorrelated; _
Sganning of tests in a »lased fashion when interpreting
and naming factors;

Struggling to make sense out of results;

WWarying all over the map in the use of hypotheses from
thosa who started with no hypotheses, used none in the
process, and ended up with none, to those who start
with hypotheses, use them en route, and end with
hypothesas" (McNemar, 1851, p.358).

Guilford (1952) has likewise described “some common faults

in factor analysis". He too noted ten problema:-

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

2. Teoo many experimental wvariablas are factorlally
conplex; .

3. Sowetimes a cowmon factor fails to come out hecause it
is subsatantilally represented in ohly one experimental
variablae;

4. Not enough factors are extracted;

$. correlation coefficlents used in analysls are often
spuriocus;

6. QCorrelations of ipsative =scores ars sometimes used in
an analysis;

7. A pair of factors is very much confined to the same
exparimental variables;

8, The population on which the analysis is based ie

heterogeneous; |
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9. Not eanough attention is given to requirements for
correlatlon coefficients;

10. Difficulty levels of tests often vary substantially®
' {Guilford, 1953, pp.7-33). o

Wnen conmparing these lists of MNcNemar an® Guilford it
hecomes apparent +that the actnal items are wvirtually

" nonoverlapping. Thus, it is net surprising that, with

twenty common fanlts, factor analysis ran into trouble.
However, a numbar of theorists (e.g., Vernon, 1970, 1871}
Guilford, 1974; Sternberg, 1977} belleve that the most
sarious trouble resulted not from misuses of the method,
but from limitations of factor analysis.

Limitations of Factor Analysis

The limitationz of factor analysis have constituted the
main source of étrain upon  the differential approach to
intelligence. The limitations to ke described pese serious
problems only when factor analysis is used for purpeses for
which it is not suited. Sternbery ("377) proposes four
reagsons for jits {(factor analysis) lack of suitability as an
appropriate method  for discovering the  components
underlylng intelligence, each corresponding to an intrinsic
limitation of factor analysis. The first two limitations
are statistical in nature and hecaus of these limitations,
factor anhalysis lacks inferential power for distinguishing
among theories. e second twe limitations are
psycheological in nature and because of these limitations,
factors could not be components of intelligence,

Lack of control over mathematical realigation of
psychological theory: The wachinery of factor analysis
rather than the investigator Fformulates and thus has

‘sontrol over the mathematioal €heory, resulting in a

reduced ability of the Investigator +to perform theory
comparison operations. Tha probiem 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 te distinguilsh among them mathematically.

Solution indetérmi@acye The zrotation dilemma: Guilford
(1974) has refarred to the need for rotatlon as "the most
serious weakness" (p.498) of the factor analytic methed.
The orux of the problem being that while factor space is
unigue, the orientation of axes is not. The axas may be
rotated in an infinlte mnumber of ways, each  defining
factors along dlifferent dimensions. 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 speaific factors. " Rotation to simple structure
will often support a theory or group or multiple factors in
the absence of a general factor, Subjective rotation to
minimise discrepancies hetween predicted and cbserved
factors can yield skill) different outcomes. As a result,
solutions - are indeterminate because of the infinite member
of possible axis rotations.

Failure to discover or explicate process: Factor
analysis ©provides no wsy to discover or eiplain the
processes  that In  combination constitute intelligent
kehavieour, The problem is that factor analysis ls capable
only of analysing interitem structure in a test, whereas a
process analysis would regquire analysis of intraitem
structure. It would requlre clarification. of +the steps
involved in the solution of a single item. Factor analysis
vJeals only with the end products of human thinking and

hehaviour, and throws little 1light on how these products
cone about in individual human beings" (Vernern, 1971,
P.7}). Because of this, factorial studies do not "enable us
to decide what the basic components of mental organisation

are" (Vernon, 1970, p.loo).
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Interindividual nature of analysis: =~ The ' components of
inteliigence are intraindividual -~ they exist withiu
individual subjects. Factor analysis, however is generally -
interindividual = it analyses patterns of individual
differences across subjects. Since individual differences
are meaninglass in the context of one incdividuwal, -it is not
clear how fFactor analysis could enable ns to discover what
the cormponente within an individual ara. While Sternbery
{1977) acknowledges thet ocertain modes of factor analysis
" could be used intraindivigually, he argues that it has not
been shown +that they could discover underlying components
of inteiligance. S

The statistical 1Llimitations of factor analysis, described
ahove, can be overcome. The advent of confirmatory maximum
likelihood methods of facteor analysis made it possible to
use faet 't analysis for sophisticated testing of prior
hypoth. . and the attainment of a unique solution (not
gubject to rotation). It is possible, even likely that the
second two substantive limitations can be o ercome as wall,

however, "it remains te be shown, +though, that factor
analysis c¢an be performed so as to dispense with all four
limitations simultanecusly' (Sternberg, 1877, p.29}.

Although Ffactor, analysis can be of considerable value in
the study of human abilities, it is not necessarily a

- direct means towards the discovery of the basic underlying

components of mental ability. Unfortunately, this has heen
one of the most common purposes for which factor analysils
has been used.

THE INFORMATION PROCESSING APPROACH 10  COGNITIVE
ABILITIES

Tha informatlon processing view of human abilities as
dynamic informaticn processing capabilities provides an .
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alternative +to the differential view of abilities as static
peychological factors. . However, as Sternberg (1977)
emphasises, information processing methodology was
daeveloped not as an alternative +to the factor-analytio
concepts of differential psychology, bubt as an alternative
te the stimulus-response ooncepts of behaviourism. The
research of information prooessing theorists has taken a
varlety of Zorms, £rom the creation of detailed computer
programmes to the formulation of complex mathematical

-models. tTha common new emphasiz was the explaration of

%

complex prodeases and the acceptance of the need to he
explicit about internal; sym .i. mechanisms" (Newall and
Simon, 1972, p.4).

‘The Mndamental Unit of Analysis

The fundamental unit of analysis in information processing
psychology is the elementary information process (EIP)
(Nawaell and Simon, 1572). The assumption here, being that
all behaviour of a human information processing system is
the result of sequences of thase alementary provesses.
They are elementary in the sense that they ars not further
broken down into simpler processes by the theory under
conslderation. The processes must be well defined, and the
collection of tpem must be sufficlently powerful to compose
all wmicroscopic performances of ‘the human Information
procvessing gystem (Newell and Simcn, 1972).

PRINCIPAL  ORGANISING  CONCEPTS WITHIN THE INFORMATION
BROCESSING APFPRCACH

The Structure~Process Defi: :ion

As i= the case in all sclentific theories,. the structure
versus procegs distinction i1s apparent in infoxmatio.
processging wmodels . of human intelligence. However as Estes
(1977} points out,. in this context it is lees cleax than in

64



the case of the physical sclences just what sense of the
term structure is intended. The prominent viewpoint in
exparimental psychology has been that cognitive activities
are manifestations of, or consequance of, processas in the
brain. As a result - thers has been a naturaL desire to
‘dentify tha heurophysiclogical processes rasponsible and
t¢ specify their logic in the nervous system. However,

" progress towards thils goal has been meager, with'only i few

segments of research in cognitive psychology being direated
to  this problen (e.of., Nebes, 1974; Harnad, Doty,
Goldstaln, TJaynes and Kralthamer, 1576).

In general, "structural concepts in information-processing
medels, and more broadly in nearly all coghitive theories,
are purely hyvotheticai" (Bstes, 1978, p.7}. Structural
concepts are JIntroduced in an attempt to provide
characterizatlon of the state of information preserved by
an individual at particular points in time during the
performance of a cognitive task. T goal being to provide
a charactexrization that is of sufficient theoretical
significance te help in the prediction of - he furthex
course of information  processing. Trar- lore, the
structural concepts nead to Pentsi) the analysis of stored
information Inte ocon.tituents and the expression of
relations betwsen these constitusnts 1in =ome systematia
way" (Estes, 1978, p.7).

Attempts at achieving +his goal have besn guided by two
princiral lines of thinking, The f£iret is that of
analogies to physical structures whose description is
poseible in logical or mathematlcal terms. The most common
examplae is the analogy to electrical circuitry by way of
network models in which nodes or oontrol elements are
defined +to correspond to units of stored information and
pathways between these nodes provide fox probing of the
network and retrieval of the stored information. The
second analogy is that of computer ‘programmes, with
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structoral concepts taking the form of listas, vectors, or
arrays of stored information.

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

Structure of Memaory

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 traditional
dilstinctions between perception, memorising and thinking
are clouded, Information input ig viewed aleong the linas
of a computer analogy, the assumption being that <the
individual imposes elaborate organisations on material
during the transition £rom sénsary registration to memory
storage. At the heart of memory organisation, in this
viaw, is the oconcept of coding. What is stored are not
replicas of exppriences, but rather feprasentations encoded
in terms of features, that is, wvalues of attributes on
warious dimenslions. Features, ' however, are not just any
attributes, but rather are eslements of organised prodessing
systams.

Corresponding to the notion of features is that of
detectors, which ir the information processing literature,
are elementa ¢ a well established long-term memory
syaten. These elements are concelved to be organised in
terme of a more or less hlerarchical arrangement or levels,
the detector alesents at each level serving as points
through which incoeming information is filtered and encoded

(Bates, 1975, 1877). ‘i
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Incoming sengory information from the receptors is believed
to be projected to the lowest level of the filter éystem,
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 ocours, the transmission
is blocked. A conseguence of this processing is that the
recard stored in memory for a given experience is conceived
to take the form of a list or vector contailning a record of
the features or feature cowbinationz that were activated at
each of the levels of the memory system during processing
of the input. The aystem is regarded as dynamic in that
- Eilter ¢lements corresponding to newly experiencad
combinations of features at any “"level are added to the
‘syaten and then enter into processing of later inputs.

Most  important, 3is to note that within information
processing theory, the contents of memory are taken to
include not only records of past experiences, but also
organisad 1lists of instructions te be carried out on futura
bccasions  that  gatisfy particular conditions. This
property of the system enables the individual to operate in
a mannar similar <o powerful computer programming models
based on the aonception of production systams (Newell,
1973; Anderson, 1976).

Operations and Stages

The utilisation of memory structures in inforwatlon
processing mndels of cognition is  conceived to be
accomplished by c¢ollections of elementary information
processing operations, dncluding, least of all, those
performed by a digital computer in carrying out similar
tasks: - information input is encoded and associated with
addresses; memory l1g searche” for i.ems of information
prncassing spacified attributes; the retrieved units or the
results of computations performed on them are comparad with
aspects of the input, and declsions and actions ars based
on the outcomes of the compaxisons. '
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If, according te Estes (1978), it is assumed that, in
general, all of these aperations prodeed sirultaneocusly
vhen an inpdividual is carrying out a cognitive taszk, it
" would .prove diffioult to gain a <foothold on the
experimental  analysiz and measurement of +the wvarious
componenis. Estes goes en to arque that regardless of the
nltimate theoretical standing of the conception of the
ind@ividual as primarily a serial pfocessor, it has had
beneficial heuristiec wvalue. Most ecritical ls the working
assumption that each member of a sequence ~f elementary
operations takes an appreclable émount of time and that
these times can be ascertained by subtracting observed
reaction times for the accomplishﬁent of various portions
of the task. '

It has been argued that the serial processing conception is
oversimplified and that actually mich parallel processing
goas on in the human problem solver, in contrast to the
digital computer (Townsend, 1974; Andexson, 1877).
Nonetheless, the serial conceptlon has proven enormously
fruitful. Besides providing the pasis for reaction-time
methods to explore the organisation of elementary
information progessing operations, the serial conception
has provided a way to co-crdinete structural with
processing cuncepts by way of stage models {(Extes, 1978).

currcent information processing nodels are
characteristically organised in texrms of an assumed
sequence of proogssing stages corresponding te tha levels
of organigation of feature detectors and higher order units
in the memory system through which the information is
filtered (®stes, 1976, 1977)}. Just as the conception of a
serial coneaternation cf elementary operations, the notion
of a succession of discrete stages of prnceséing is without
doubt oversimplified, but nonetheless, "this approach is
proving enormously fertile in opaning up the possibility of
exact measurement of component cognitive processes and must

1)
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ba the gstarting point rfor anyone now interested in
undexstanding the research strategles and +tactics of
current information processing approaches" (Estes, 1978,
p.11).

INFORMATION PROCESSING METHODOLOGY
Artificial EIntelligence versus Simulation

The information processing approach encompasses a broad
range of serspectives and research techniques. Tha
broadest distinction being between artificial intelligence
and simulation. Artificial intelligence research is
directed <toward the creationi of models (usually implemented
on a computer) that parform complex tasks usually
considered to require intelligence. The objective here
being to optinise parformance, with little or no regard to
" whether +the optimal way of performing a task is also the
one that humans usa. gimulation research on the other
hand, foouses on the creation of models that simulate the
processes a  human subject is theorised to pexform

mentally. Computer simulation has  been used in two
essentially different ways to investigate mental
abilities. The Ffirst form of 4im estigation using this

approach Iinvolves the compilation of progranmes designed ko
simulate human performance on actual ability test items.
In such cages, the computer programme itself serves as the
theory of the mental abilities under investigation. In the
second form of Ilnvestigation using thi=s approach, Polsan
and his oolieagues (Atwood and Polson, 1976; Jeffries,
Polson, Razran and Atwood, 1977) have used computer
simulation of complex problem solving uasks to test an
infofmation processing theory whose aqomplexity does not
permit an ahalytic test. In +these pases, the computer
programme teste an  information processing theory by
simulating human bahaﬁiour, but the programme is not itself

the theory.
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The two perspactives (l.e,, artificial intelligencs and.
similation) may be seen ags end points of a contimuum rather
~than as dichotomous. However, since the present study is
concerned with human abilities, attention will be directed
toward simulation models of human behaviour.

' 8low Process versus Fast Process Research

The simmlation approach may be Further dichotomised into
what Sternberg (1977) :refers to ms slow process and fast
process research. As was the case with the artificial
intelligence wversus simulation distinction, so too is this
distinction continuc . rather than-discrete. &low process
research ¢eals with tasks that are usually performed in the
order of -minutes, and that are somewhat accessible to
introspection. The cryptarithmatic, logical proof, and
chess - tasks studied by Newall and Simon (1972) fall into
this domain, a5 doas the hobblts and orcs (missionaries and
cannibals) task studied by Greeno (1974) and Thomas

(1974). Fast procgss rasearch deals with.tasks that are
usually performed in the ordar of milliseconds, or at most
a few seconds. Tasks of this nature include the memory

scanniny task studied by & sSternberg (1989), the
sentence-picture. compatison task studied by Clark and Chase
(1972), and ratrieval £from semantic memory (Colilins and
Quillian, 1989). Generally, such <tasks are hot readily
agcessible to introspection.

Slww process research has made heavy use of protogol
analysis and computer =simulation as methods for studying
behaviour. Fast process research on the other hand has
relied on response time analysis and mathematical modelihg
as wethods for studying behaviour, since these tasks are
performed with such speed that subjects are usually unaware
of how they proceaded.
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The Subtraction Method versus Additive-Factor Method

Fast process research IJnvelving the modeling of human
behaviour often prucesir wlong the lines of either the
subtractign method of Donumrs (1648} or the additive-factor
- method first oproposed by & #ternberg (1969). Tha
distinction between these two wethods is stated in some
detail by  Sternberg (1269} and by Pachella {1974).
However, for the purpose of present stody, thase method
will be described only in summary fashion. Tha subtraction
method, which has keen the most commonly used,

v... is applicable when +the performance of an
exparimental %ask involves the seguential action of a
series of discrete mental events. In order to measure-
Ehe duratlon of one of these mental events, 'the
reaction time_ for an experimental task containing the
avent az 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 Jdifference in reaction time for these +two
conditions will then be egual to the duration of the
lsolatad process% {Pachella, 1974, p.46).

In actual use, mpltiple processes will often be of

interest, and several taske may be incliuded in the
experimental design that systematically vary the processes
required. The critical featurs of the method is a set of

tasks that, by successive deletions, enables the
investigator to estimate the amount of time spent on each
component process of interest.

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

The assumptions regarding stages have several important
implications  for the relationship between stage durations
and experimental manipulations:

"First, +total redction time is simply the_éum of the
stage durations. When an experimental manipulation
affacts the reaction time for a particular infoxrmation
processing taesk, it does so by changing the durations
of one or more of the constltuent stages of
processing. Second, Aif <twe -different experimental
manipulationg affact two different stages, they will

" produce independent effacts on total reaction time.
The effect of one manipulation * 11 be the same,
regardless of the level of the other variable. 1In
other words, the effects of the two experimental
factors mutwally modify each other's effect, that is,
if they interact in a statistical sense, they must
affect some stage in common" {Pachella, 1974, ».52).

The additive-~factor method 1is untilise:d by studying an
information processing task in the context of a multifacter
experimental design. The implications previously menticned
then enable the investigator +to make interferences abont
stages of information processing. Specifigally, the
investigator examines wvhether the effects of each pair of
experimental factors are additive or interactive. 2additive
factors suggest different stages of processing, wharesas
interxactive factors are hypothesised +to affect stages in
cOmmoLn.

Advantages of the Information Proocessing Approach

The information proocessing 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. Rather, the advantages of this
approach are;-

The investigator has control over the matbematical (or
computer) modal . This facilitatas 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 xotation dilemma, because unless confounded,
the parameters in a given parameter space are unigue.
Information processing theories specify the processes that
are us¢ in the solution of single items.

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

The f£irst two advantages bestow upon Information processing
methodology a far greater degree of inferential power than
is available through differential methedology. As a result
it is poesible to make strong inferences regarding the
relative superiority of one theory over . another and to
rejact theories that are clearly inappropriate {Sternberq,
19777, '

Tha asaecond two advantages  Facilitate the utilisation of
information processing mathodolegy for the purpoge of
studying the "latent +tralts" that underlie performance in
tasks requiring variocus mental abilities. The elementary
information process i a suitable unit for characterising
the latent traits. . '

L
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Although information processing methedology enables the
ipvestigation of a wide variety of abilities as well as the
detailed specification of the elementary processas and
accompanying  mechanisme that are responsible for task
performance, the methodology does suffer from certain
limitations.

Limitations of Information Processing Methodology

Here attention will be focused on simulation mathodologies,
~which include the computer simulation methods used to study
slow prucesses, and the mathematical wethels used to study
2ast response timas. Rasponse times, in tura, have baen
studied both by the subtraction methed and by the
additive-factor method. :

Cor gater Simulation

Stermbarg (1977) argues that computer theories are
inaccessible to the scientific public: in practice,
computer theories have a degrea of inaccessibility that may
inhibit the public nature of scientific enterprise. The
inereasing sophistication of paychological theory is due at
least in part to the opportunities for psychologists to
replicate or ' refute the xesults of others. But
vpportunities for progress are diminishad when the theories
are inaccessible, buried Iin computer programmes that are
difficult to acguire and understand.

computer theorles Ilack parsimony: "Parsimony for its own
sake may be of guestionable value. But ignoring parsimony
can lead to unfortunate resulits" (Sternbherg, 1977, p.55}.
Computer theories ocontain many statements, most of them
interactive with other statesants, so that it Decomes
difficult to assess what effect each one has, and whether a
given statement is really a nepessary ingredient of the
theory.  Simon and Kontovsky (1963) and Kontovsky and £imon

¢
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(1973), for example, describe the diffaerences in
perfofmance among more and less powerful variants of their
theory, but they 4o not clarify what distinguishes ona
variant from enother. With - computer programmes, simple
. characterizations are difficult to come by. Lack of
parsimony  further contributes +o the difficulty other
nembers of the soientific community have in testing the
theory.

Computer theories do ' not generally provide process
parameter estimates: An investigator may want to know the
degree  to which each alemantaqy information process
contributes to the latency or d&ifficulty of a given
problem. This information is difficult to obtain from a
ccmputar-bésed theoxry Dbecause of the large numbers of
interactive variables involved in most computer programmes.

Mathematical Models of Regponse Time
The Subtraction Method

Parameters are often confounded: Bxplicit and implicit
confounding of parameters are fairly c<ommon in response
time studies using the subtraction method (e.g., Clark and
Chase, 1573). ’

Alternative models are often indistinguishable:
Alternative models become indistinguishable when the
parameters that could distinguish them are confounded.

Parameter estimates are bkased upon too few degrees of
freedom for residual: The degress of freedom problem has
become particnlarly severe in recent years, as research
into moxe complex thought processes "as made it less
unfashionable to use large numbers of garameters with few
data pointus. Parameter estimation techhiques (such as
- multiple regression) are very prone to capitalisation upon

75



errer in data. Unfortunately, cross-—validatlon of
parameter estimates is rare, although not entirely
neglected ({e.9., Anderson, 19?4). In short. increasing the
degrees of freedom for xresidpual is a responsible way of
‘ guarding against gpurious M"good f£itv, :

* 2 Ydegrees-of-freadom" problem is of less concarn when
investigators conduct proper dgoodnass of £it tests for
their models. However, when goofness of fit is not teated,
the percent variance accounted for by a given model can he
a mnisleading descoriptive statistic unleés the =tatistic 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 parametess iz not mathematically specified:
Information processing models always specify the order in
which elementary dinformation processes arve executed, but
the mathematical zxealisation of these models may have no
order constraints.

Results of external validation may bhe distorted: When
relating individuai differsnces in parameter values eiiher
to each other or to individual differences in other
variable valuas, correlatiocnal patterns will be distorted
if there are confounded parameters, and these are not very
highly correlated with each other. Purthermore there is no
a priori reason +to expect confouaded 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 Sternbery
(1977) . Phetre are, however, two criticisms that are
frequently made (Pachella, 1974; & Stexnberg, 1969).
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"phe starting point for the application of the method
iz a relatively sophisticated one: In order +to
construckt a comparison task, one must aiready know tha
saquence of events that transpires between stimulus and
response. Such sophisticated kncwledge is rarely
availabls .... = Obviously, the ctonclusions reachad on
the b sis of the application of the method can he no
stronger than the substantiation of the initial
conceptualization of the experimental tasks! (Pachella,
1974, p. 47)

It is true that the subtraction method reguires a
strong model. However, Sternbery (1977) views this as
an advantage rathar than "a disadvantage. Firstly,
becanse the method requlres a strong modél that is
inferentially powerful, it is thus capable of rejecting
the model. Secondly, a good experiment will often be
designed so that it is capable of rejecting models or
clagses of models other <+than the investigators
preferred aone.

The oriticism regarding the souhisticated starting

‘point of the subtraction  methon provided one of the

motives  behind S Sternberg's development of the
additive-~factor method, Yet, Sternberyg (1977) argues
that it 4s not clear whether in practice there is as
great a difference between initial ceonceptualizations
as has been claimad.

Haphagard salection - of factors for a multifactor
experiment cammot be axpected to yield enlightening
results, The investigator should choose factors that
{s)he velieves are best able ta differentiate stages of
progessing, 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 wouid imply. As Calfee (1976) points out,



“The Ffirst step in this paradigm is the analysis
¢ the uvnderlying cognitive operations required to
perform a task" (p.24)."

The investigator should at least have an idea of what
the maximal =stage mnodel will look like, because there
is no point teo ineluding in the experimental design a
factor that could nat conceivably be additive with the
others. This reguirament i. comparable to that for an
investigator designing an experiment wusing the
subtraction method: He/she should have an idea of the
maximum number of parameters and what they might mean.
It iz always pomsible to test alternative models that
differ golely in number of parameters, and thereby to
discard superflucus parameters.

A second general eriticism of the subtraction method
concerns the comparability of the ewperimental and
comparison tasks, or as Sternberg {1969) has called it,
the agsunption of pure insertion. This refers to the
asswmption that it is poscible to delete {or insert)
complete wmental events from an informatibn—procesaing
task without changing +the natwre of the other
constituent mental operations.

Experimental cperations cee which might bhe
thought of as deleting entire stages without
altering the functions of other =stages, are
prebably  very rave;’ they should be considered
special pases" (Sternbery, 1969, p.280).

While the wvalidity of the assumption of pure insertion
has been challenged for some time now (e.g., Kulpe,
1898}, it seems that the criticism should be properly
directed net =&t the assumption but at the failure of
many users of the assumption to test it. Perhaps it
was +true in former yvears that little was known “about

Ll
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how to +test cthe wvalidity of any.particular application
of the subtraction method" (8ternberg, 1969, p.277}.
But this is no longer the case.

This criticism of the assumption of pure inszertion
provided a second motive for @ the forwulation of the
additive-factor method. The additive-Ffactor method was
designed  to mnake. che weaker assumption that factors
would change only the duration, but not the inclusion,
of wvarious stages. A= Pachella (1974) has observed,
howyever, "The manipulation of factor levels may o#use a
fundamental change 3in the processing sequence as may
happen with +the deletlon aof 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 gquite subtle! (p.57). #As
Pachella points out, the distinction between mathods is
a matter of degree rather than kind. It is by no means
clear +that exparimental factors will always affact only
duration and not inclusion.

With régard o the subtraction methed, it is not clear
how one can demonstrate the validity of the assumption
of pure inserticn, if the model is true or. close to the
true model.’ However, as Sternberg (1977) points out,
it 1s not clear how +the user of the additive factor
method can demonstrate +hat only duration and not
inclusion of stages is affected. If stage inclusion is
affected, interpretation of the pattern of factor
aditivity and interacticen will be compromised.

The Additive Factor Method
Stewnberg (1977} suggesits  four limitations of +he
additive-factor method: Tt . does not reveal stage

duratlon: it proﬁides no indication of stage ordexr: it
provides no direct indication of the substantive
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interpretation of any stage and the fundamental assumption
regarding the means of identifying seperate stages is
guestionable. "In situatjons where stages have some
independént definition, it is perfeatly conceivable that:
two factors might affect a single stage in an additjve
manner or interact" (Pachella, 18974, p.58}.

chmoh Limitations

Certain limitations are common te both the subtraction and
additive-factor methods, and te  computer simulation
methodology as well. .
Information processing methodolcygy does not provide a
-means for systematically studying correlates of individual
differences in performance. In order to evamine either
‘coneistencies in patterns of individual differxences across
different task parameters, or between task parameters a. ?
axternal measuras of performance, the correlaticnal methods
of di.ferential psychology are needed te accomplish this
goal.

Information  processing methodology does not provide a
common language across tasks (and investigators): As
information processing mechodology has beacome more widely
used, the 1list of paramseters corresponding ta hypothesised
elementary  information processas has grown steadily
(Sternberyg, 19773 . Thus the prablem may arise of
establishing whether the a parameter of one task is the
sama 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 ars useful in solving this
dileuna. If wvalues of the two parameters are very highly
correlated across individuals as well as tasks, chances of
the parameters beiﬁg equivalent are increased, although a
high correlation is only a necessary but not sufficient

»
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condition for parameter  equivalence. If indiwvigual
differences in the parameters are unrelated oxr weakly
relaﬁed, “the parameters cannot  represent the s#v=
underlying process.

Information processing methodology does not prevent
overevaluation of task specific components: A particular
parameter way account for individual differences in
performance of a particular task. But if it accounts for
individual differences in performance only of that task, it
le of 1limited interest. A shortcoming of information
processing research has been that despite the extensive
study of highly specialised information processing tasks
there have heen a!most no attempts +o show that the
parameters  that account for individual differences in
single specialised tasks are generalisable to other tasks.
moryelational metheds provide a way of demonstrating
generalisakillity {Sternberyg, 1977).

It will have besm hoticed in the preceding disgcussion that
tha information processing view of cognitive abilities as
dynamic information processing capabilities provides an
alternative +to the differential view of abilities as static
psychological — factors. The emphasis in information
processing research 1is on the exploration of complex
processes and on being explicit about internal mechanisms.
Although  the information processing approach does not
suffer from any of the intrinsic limitations of faoctor
analysis, it is not without ite own shortcomings.

Having d&iscussed both the differential and Iinformation
processzing approaches to investigating cognitive abilities,
highlighting their rxespective strengths and weaknesses,
attention will now be turned to more contemporary
approaches, that have sought to integrate the differential
and informatium processing approaches in ways that would
combine the best features of each, i.e., the cognitive
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correlates approach (Hunt et al., 1973, Hunt et al., 1975)
and componential analysis (Sternbarg, 1877).

CONTRMEDRARY APPROACHES TO  UNDERSTANDING  COGNITIVE
ABILITIES

Recently, a number of differant approaches have been
pursued by cognitive psychelogists in their guest to gain a
comprehensive understanding af mental abilities. Starnberyg
(1981) lists as examples: The cognitive correlates
approach; cognitive components approach; cognitive training
approach; and the cognitive contents approach. The most
viable contemporary approaches to mental abilities all

. integrate = differential aad information  processing

technigques in some way. However, differences tend to
emerge depending on whether they ars ouvtgrowths pramarily
of the differential or informacion processing approach
{Sternberg, 19%9). For the purposes of the present study
“attention will be focused on two contrasting approaches to
the exparimental analysis of individual differences,
namely, the cognitive correlates approach and the cognitive
compeonents  approach. Albeit that the former approach has
been classgified as being an outgrowth of the differential
approach, whereas the latter approach has heen classified
a3 stemming From information processing technigques
(Sternberg, 1979), Pellegrino and Glager (1979) note that
both approaches attempt to understand the mental aztivitias
that contribute t¢o individual differences as measured by
psychometric  instruments. The cognitive conponents
approach will, however, be discussed in far greater detail
than the cognitive correiates approach, due to the central
role that componential +task analysis will play in the
prasent investigation.

THE COGHITIVE CORRELATES APPROACH

The wognitive 'corielates approach is best typified by the
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work of Hunt and his colleagnes (Hunt, Prost and Lunnebory,
1973; Hunt, TImunneborg and Lewis, 1975; Hunt and Lansian,
19275; Hunt, 1978). : '

This approach involves the testing of subjects' ability to
-perform tasks that contemporary cognitive psychologists
believe measure baslc - human  information  processing
abilities. . : '

sternberg " {1581} describes the proximal goal in
cognitive-correlates  rasearch as being the estimation of
parameters {characteristia quantities) representing the
duration of performance Ffor the information processing
componants constituting each task, dnd then the subsequent
investigation of the ewxtent to which these components
correlate across subjects with each cther and with scoxes
on measures commonly balieved to assass intelligence {e.q.,
Raven's Progressive Matrices). Most commonly, correlations
Letween parameter estimates and measured intelligence are
statistically significant, but moderately low - unusually
around .3 (Stermberg, 1981).

The distal goal of cognitive correlates research is the
integration of individual differences research - in
particular by ' providing a theoretical grounding from
cognitivae psychology for di fferential research {Hunt et
al., 2973). Thus, Stermberg {(1981) maintains that instead
of trying to draw theoretical oconclusions from correlating
scores on one empirically derived tast (e.g., reasoning}
with sceores on another empiricaily derived test (e.q.,
vocabulary} as differential researchers have done, the
cognitive correlates approach advocates the drawing of
theoretical conclusions from oorrelating soocres on an
emplrically derived test with parameters 'ganeratad by a
cognitive model of soma aspect of mental functioning (e.q.,
memory scanning) .



While giving credit to cognitive correlates researchers for
providing a  ocognitive-theoretical brase Zor individual
differences . research to supplement the pzychometric
theoretical base that had axisted sariier, at the same

time, Sternberg (1981) guestions whether cognitive
correlates - researchers are providing the optimal cognitive
theoretical base. He . suggests that the relatively low
correlations gttained between task parameters and
peychometric test scorss may be attributed to psychometric
test 'performance drawing on lower level perceptual and
memory  abilities of the kinds studled by cogritive
correlates raseardhers, but only in a peripheral way.
Moreover, Sternbery emphasises that it is not clear whether
the rather simple Xinds of information processing raguired
by many of the perceptual and nemory tasks cognitive
paychologists have studied, do Justice to the rather
complex kinds of information processing reguired by many
- psychometric tests of mental abilities.

Sternberg (1981) contends that until a better understanding
of the ,3-level correlation between parameter estimates and
nmeasured inteliigence is acguired, a f£inal evaluaticnh of
tha ocognitive correlates approach will not be possible. To
date, no research in this regard has been oconducted.
Neverthelsss oognitive correlates researchers have managed
te bring individual-differences research closer to
muinstream cognitive psychological research.

THE COGNITIVE COMPONENTS APPROACH

In the preceding two sections, dealing with the
differential and informatlion processing appreaches +to
cognitive abilities, it has been demonstrated that the
respective strengths and weaknegses of these approaches are
complementary.  Bach epproach belng capable of providing
usaful, but incomplete explanations of human behaviour. '



Given +the complementary qyrengths and weaknesses of the two

approaches, Yit should be theoretically possible to develop
an approach that would capitalise upon the strength of each
approach, and thereby share the weakness of neither®

(Sternkerg, 1977, p.65). nNuring the past few decades there
have Dbeen calls for investigators to do Hust that

{Cronbach, 1957; Messick, 1973), and in regent vyears
several syntheses have been made (e.g., Day, 1973; Hunht,
Frost and  Iunnsborg, 1873;  Carroll, 1974) . The

.componential approach descoribed here, i.e., componential
analysis continues and draws upon the syntheses developed
by Day, Hunt, Simon, Carroll and others.

The Cbiectives of Componentilal Analysis

The overall objective of componential andlysls is the
jdentification = of 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 thelr relationships hoth to each
~other and to ' higher-order  constellations of mental
ebilities.

Fundamental tnit of Analysis

The Tundamental unit of analysis in componential analysis
is the component. A component is an elementary information
proce=zs that operates upon internal representations of
ocbjects or symbols (Nawell and Simon, 1972). The component
may translate a sensory input into a conoceptual

repregsentation, transform one conceptual representation
into - another, or translate a conceptual representation into
a motor output. Componential analysis i1s therefore of

similar character to information processing analysis in
that its elementary unit is a process rather than &
construct representing a static source of individual
differences. ’
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Each qomponeﬁt has three important properties assouiated
with 41t +that may be measured by mathematically estimated
‘parameters: duration, difficulty, and probabillty of
execution. In othexr words a given cuﬁponent consumes a
certain amount of real time in its executibn,'has a certain
probabllity of beiﬁg axecuted correctly, and has a certain
probabllity of heing executed at all (Sternberg, 1980) .

Components  perform a8t least five kinds of functions
(sternberg, 1979, 1980):' Metacomponents are higher-order
control processes <that are used for planning a course of
action, fpr' making decisions regarqing alternative courses
of action during reasoning or problem seolving, and for
nonitoring the suocess of +the chosen course of action.
Performance components are processes that are used in the
execucion of a reasoning or problem-sclving ' strategy.
acquisition components are processes used in learning how
te reason or to solve problems. Retention copponents are
processes used in retrieving previously stored knowledga,
whether it be knowledge needed during reasoning or problam
solving or knowledqé. regarding the rezsoning or problam
solving algorithm  itself. Transfer components are
processes used in generallsation, that iz, in carrying over
" knowledge from one reagoning or problem-solving task to

[

ancther.

The c¢eomponent is not netassarily, and usually will not be,
the most elementary unit of behaviocur that might ke
studied. - operations that are thought to be theoretically
unimportant will bhe specified in tha information processing
madel of task parformance, but will not be identified as
saparate components The rationale underlying this
selectivity is that ocomplex tasks my - raquire a
considerable number of operations, most of which are
theoretically uninteresting. Componential analysis, like.
all of psychology, ie reductionist in that it selects for
examination only those aspects of behaviour regardad as
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being theoretically important. Thesa aspéctz of behaviour
are understood through componential theories and modals.

Componential Theories and Models

‘A componantial .theury comprises two parts: Identification

of components  involved in  task performence; and
specification o©of tha combination rule for thase gomponents
(Sternberg, 1977). - Componentlal theoxies may dlffer from

one another bacause they differ with regard to eithaz the
components  theorised +to ~enter performance, or +the
combinatioh rule for components.

As a rule componential theories do not fully account for
information processing hehaviour under consideration. As a
result, 1t is necessary to propose cne or more componential
models, each of which is consistent with the componential
theory. A modal forther specifies both the order of
conponent exegution, and the mode of component execution.

order of component execution refers to how components are
sedquenced. Mode refers to whether the execution of a givaen
set of components is serial or in parallel, exhaustive orx
self-terminating, and independ-mt ox non-independent. In
serlal processing, compohents are executed seguentially; in
parallel processing, they are executed simultaneously. In
exhaunetive processing, all possible executions of a given
component or set of conponents are performed; in
salf-tarminating procéssinq, execution of ocomponents
terminates hefore all possible executions have occurred.
In independent processing, the executlon of a given
component has no effact upon whether any other component is
axecuted; in dependent processing, execution of one
component does affect’ vhether one or moére additional
components are executed (Sternberg, 1980).
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Componential models are expressed in information processing
terms, usually as flow charts. The £low chaxrt should
provide a full desecription of the processes Involved in

“task solution. The Information processing wmodel must be

transiated dinto some form that is suitable for empirical
testing. Sternberg (1977) lists two conventional ways of
doing this. The first is by simelating the model on 2
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
paramaters of the mnathematical model oorresponding to
components of the information procésaing moedel. The model
is then wvalildated 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 aspscts. of performance {see Table 3.1) axe
specified, a more comprehensive understanding of thae
bahaviour under consideration is facilitated.

Individual Differences

In componentialr analysis, individual differences may ogour
in either the components involved in task performance ox
the  combination rule for ocomponents. if 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 differances may occur in
either the order of component executlion or the moda of
component execution. Again, if individual differences
derive from either source, then one model is inadeguete for
explaining the beshaviour of all subjects.
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At the component level, imdividual differences may occur in

companent time or diffisulty. In other words, some
subjects may perform certain operations  more quickly or
more  easily than other subjects. When individual

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

The five sourcas of | individual differencaes are
hierarchically organised into three levels: Theory, model,
component, which s&re summarised in Table 3.2. Sternberg
(1977) - sugygests that individual differences at higher
levels affect interpretation of individual differsences at
lower levels, =and offers several éxamples to help clarify
how these effacts oparate:

at the Theory Level: Should one subject use componhants
&, b and ¢ and another use components ¢, d and e,
then it will be possible to compare component orders, modas
and wvalues only f£for one cowmponent, the overlapping o.
Alternatively, should both subjects use components &, b
and <, but cne subject uses an additive combinatlon rule
(a + b + o) and the other subject uses a
multiplicative combination =rule (a x b x o), ¢then
component values nust be considered ih light of the number
of +times each ' component is executed. The first subject,
for example, executes component a once while the second
gubject executes it be timas,

at  the Model Ievel: Should one subject execute
~components  a, b and ¢ in that (forward} oxder and
another  subject execute them in the reverse order,
component values may be affected by the efficiency of one
or  the other strateqy. 2lternatively, shonld the
difference be 1n mode of exscution, such as in sgalf
terminating +versus exhaustive search, faster execution of .
individual components in the exhaustive search may be more
than offset by the greater number of times the component.s
must be exeouted,  Thus, although amount of time per
89 - ’
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cemponent execution may be shorter, total amount of time
spent on a given uamponent may ba 1ongar {owing to rapeated

'axecutlons of that component).

In general then, the effects of individual differances in
componant processes higher in +the hiarﬁrchy-will affact
interpretation of individual differences Jlower in the
hierarchy. - In fack, Sternberg (137") claims that the
reverse . ay alsc be true. '

Structure of Componential Analysis

In ite barest outline (shown in TaBle 3.3), a .omponential
analysis comprises a serles of intensive <task analyses
that, taken together, form the basis for an extensive task
analysis. - : '

The goal of an Intensive tisk analysis is %o gain a
comprehensive understanding of the psychelogy of one
particular task. In particular, it is designed to identify
and understand the performance components specific to that

task. The geal of an extensive tagk 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 identifiad components.

Each intensive analysis may be dichotomised into an

jinternal and external wvaligation, Internal wvalidation
consists of the attempt to reduce composite task
performance into undarlying components. External

validation is the attempt to understand how the identified
componants  of  task performance generate  individual
differences in performance on external tasks. It is of
importance to demonstrate through external validation that
patterns of indivigual differences in components for the
partlcular task under investigation are not speciflc to
that task, but are instead of genaral interest.

; o2 .
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INTENSTIVE TASK ANALYSIS
Composite Task or Test Score

In the situation where a number of  tasks have bean
administered to a particular group of suhjects; and a task
score for each subject and an index of difficulty (such as
proportion correct or response time) f£or each item type
have been computed, but +the primary concern is with only
one . of ‘these tasks, from the componential analysis
viewpoint, how would the data be analysed? Taking this
viewpoint, ' variance across subijects ag well as items will
be of interest, but the final sfrategy will differ from
that of both the differential or inlormation processing
approaches. The compesite task score will be regarded as a
measurement of the manifest +trait of parsonality theory,
which repfesents -observable behavioux, he ever, primary
interest is mnot so mich in this behaviour as in the latent
traits that underlie this behaviour. In order to reach the
level of the latant trxaits, Sternberg (19877} points out
that it 1s necessary +to go through an intermediate level
batween 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 compeonential analysies comprises the
formation of interval dcores from the decompesition of the
global task into 'a series of subtasks, as was done by
Johnson (1960} in his pioneering method of sgerisl
analysis.  Bach interval score is a score on one of the
series of subtasks, and measures performance ‘on a subsat of
information processing ocomponents Yeguired for completion
of the total task. Each subtask in the series of subtasks
requires successively less information processing, and

*
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hence should invelve reduced processing time and difficuwlty
{sternbery, 1978). The basic strategy described above is
referred to as preensing (Sternbetg, 1977) .

For the purposes  of the present study attention will be
focused on the method of precueing as it has been applied
in the presentation of verbal and geemstric analogy
problems of the form A:B::C:D (Sternberg, 1977). In order
to decompose the task, it is necassary to eliminate from
the subject's information processing successive terms of
the analogy. §ince the analogy comprises five terms, up to
five subtasks can he formed, although, according to
Sternberg (1978}, there is no reaéon for splitting up the
two answer options. Thus, the precueing method involves
only four subtasks. In each case, presentﬁtion trilals are
dichotomised. - In the first paft, the experimenter presents
the subject with some amount of precueing te facilitate

solution of the analogy. In the segond part, thav of
primary interest, the experimenter presents the full
analogy. Solution of the analogy, however, is assumed to

require meﬁely a subset of fthe full set of components
(i.e., %to be a svbtask of the full task), because the
experimenter assumes that the subject utilised the
precueing presented in the First part of the trial to
reducge 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 1s presented with a blank f£ield (ro

precueing) . The subject indicatss when he/she is ready to
proceed, . 4 then the fu° * "ogy appears. The subject
solves the analogy, a- 1 accordingly. In the
second subtask, t+ .eceives a large subset of th:
task. the fire of the trial consists merely of

precueing with the .irst term of the analogy. The subject
then indigates that this term has been processed, and then
th< .whole amalogy is presented. The subject solves it, and
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then indicates his/her response. It is lnportant to note
that although +the full arnalogy was presented in the second
part of the +trial, only the last four terms needed to he
processed, since the first term had been prepracessed
during precueing.  The third subtask involves a smaller
subset of the total task. The first part of the trial
involves +the presentation of the £irst two terms of the
analogy; the second part conslsts of full analogy
presentation. The fourth subtask involves a very small

- subset of the full task in the second part of the trial.

The f£filrst part of the trial consists of presentatioh of the
first three +terms of the analogy; the second part consists
of full presentation, but requires processing of only the

1aStItWD terms.

The general strategy, then, is to provide subjects with
successively greater amounts of prior information
(precueing} . in the fir‘* = ¢ of the trial, which serves to
reduce the amount of processing redquired in the second part
of the +trial. Subjects are afforded as much time as they
require For Dboth parts, to ensure that waximum informaticn
processing is encouraged both before termination of
precusing and bhefore response selectlon (Sternberg, 1977).

Types of Interval Scores: Two types of interval scores
stem from the breakdown of the task, one type for the firat
part of the +trial and one type for the second part of the

trial. Both are interval  scores in the sense that they
represent processing in some time interval during task
solution. - The interval score For the first part of the

trial is called a cue score because it dis based upen
parformance in the precueing part of the trial. The cue
soore represents the time from the onset of precueing until
the subject indicates his readiness for the secowd part of
the trial. — The interval score for the second part of the
trial is called a solution score because it is based upon
performance éuring that part of-the-gyial requiring item
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solution. The solution scoré represents the time frem the
onset of the second part of the trial {usualily the full
problem} until the cabject indicates his solution.

Assumption of additivity: only one assumption is made in
the breakdown of the composité tagk and the formation of
interval =cores, i.e., that of add.tivity: Interval scores
reflecting lesser amounts of processing are “contained in®
interval =scores reflecting greater amounts of processing,
"The interval acores wmay be viewed as a seriera of
concentric oaircles, with the composite~task interval score
encircling dinterval scores for all sub-tasks, and scores
for each succedsive sub-task, ' and scores for each
successive sub-task encireling 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
processging that ocecurs in suscassivaly later intervals of

the full task.

It 1s important +o note one assumptlon that ig not made,
i.e., that interval scores correspond to distinct stages of
processing (Sternberg, 1969). It ig possibie for multiple
stages to occur wit' 41 one interval, or for a partioular
stage +to oceur duriuny several intervals. In shert, there
are no assumptlions made regarding stages.

Internal WValidation : Simplex Model: The assumpi.on that
interval scores requiring less processing are contained in
interval scores requiring more processing i= empirically

testabla. Should +the assumption be gorrect, then the
sugcession of interval scores should form a simplex
{Guttman, 1954}, Internal validation of = the interval

scores is accomplished by testing this assumption. One
very gimple test is  performed by inspecting the
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intercorralation +table of selution scores with themselves.
Should there be a general decreaze in the magnitude of
voxrelations  away from the principal diagonal of the
intercorrelation matrix, then the solution scores are
probably related simpliclally.

The soores of primary interest are the solution scores and
these are formed into a simplex model, which comprizes a |
set of equations in which each solution score is predicted
by regression from the immediately adjacent solution
scores. 8uch a model, according to Guttman. (19 =), can be
uged as a basls for further fasting of simplicial
skructure. ' ' )

In practice, the succassion of interval saores will rarely
show perfect additivity. Sternberg (1977) attributes this
to two reraons: First, interval scores will generally be
somewhat wunreliable, and to the extent that measurement
‘error in one interval score is uncorreslated with
measurement error in another interval scare, additivity
will be lacking. Second, it is poassible that the breakdown
of the task into sub-tasks will at least slightly alter the
nature of preocessing in che or more sub-tasks relative to
the full task. Again, additivity will be affactaed. In
genaral, howaver, the procedures of compenential analysis
van  withstand additivity vioclations, although large
violations will ocbvicusly compromise results (Sternberg,
1977) .

External validation: External validation of the interval
soores beglns by correlating the interval scores from
referende ability  tests. The objective her is to
demonstrate hoth convergent and diseriminant validity.

convergent validity is demonstrated by showing that the
interval scores correlate highly with well-established
tasts or other performance oriteria that are hypothesised
to measure the same thing as the interval scores.

58
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Discriminant wvalidity is demonstrated by showing that the
interval scores correlate only +trivially with tests
measuring abilitias hypothesised to be unrelated. If there
are confoundings of particular concern, discriminant
- validity may ke shown by holding constant statistically the
scores on the confounded testa(a).

Component Scaores

Formation: Component scores are parameter astimates for
individual subjécts. They are hypothesisad to measura the
durations or difficuities of the components of the
information processing model of tdsk solution. Sternbery
(1977) 1lists three Xkey ways in which these scores differ
from composite task scores and interval scores: '

First, the scores differ in terms of the level of measured
behaviour. The composite task score is viewed as measuring
the overt or manifest trait. The interval =mcores are all
at intermediata lavels. ‘The componant scores are viewed ag
maasuring latent tralts, the root processes underlying
chservable behaviour. Sacond, the scores differ in the
purity of measured behaviour. The compesite task score is
a measurement of a mixture of wvakious elementary
informationh processes. Intexval scores formed from the
composite score are also themsaelves composites. However,
successive Interval scores may contain different numbers of
elementary information processes. Each component score is
hypothesised to be a measure of the duration or difficulty
of a single elementary information process. It is a “pure!
measure at the level of interest of the investigator.
Third, +the =scores differ in their dependenhce upen a theory
of measurad behavioux. fhe composite task score nay be
theory-frea, with no theory behind it all, 7Tt is for this
reason that 1t has been possible to go into a factor

analysis without a theory and to omerge from it with a '
theory: The computation of scores from which the input
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correlation matrix is ocalculated may be theory frea. The
interval score is bound to a theory about the neagurement
process, The thaory 4is that the succession of interval
scores 1s additive, and is mathehatically formulated in
terma of a zsinplex modal. The component score is bound to
a2 ‘theory about psychological process. ‘The component scores
will change if the theory (or specific model) changes. The
theory is the <omponant théory togethar with the specifia
model under that theory.

Internal Validatien : Component Model. Internal

validation of the component scores iz by the dompenent
nedel. An estimate of goodness ~ or badness of fit is

caloulated for each individual  subject under aach'mQQEl.
The best fitting model will then be used as the basis for
computing componant scores.

- onoe  again it is worth mentioning that no assumptions are
"made about stages, In some models, certaln component

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

External Validation: Proocedures For external validation
of +the component scores are similar to those for extarmal
vaelidation of tha interval scores. The component scores
are correlated with the reference ability scores and
therekby asseseed in terms of convergent and discriminant
validation.

Raeference ability Scores
Tormation: Referance abllity s«cores are based upon
gonventional tests of mental ability that are selected so

as to provide oriteria for oonvergent and discriminant
validation 'of the interval and component soores. When mora
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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 batteéry of tests.

In componential analysis, reference abilities are defined
as “consfellations of components ({latent traits) that in
combination form stable patterns of individyal differences
across tagks® (Sternberg, 1977, p.78)}. It is important to
note that In this definition, referehce abilities are
defined in terms of multiple tasks, individual differences, -
and agonstellations of components. These three properties
saggest the role factors might play in componential

analyesis. '
Componential wview of factoxrs: In componential analysis,
factors are mathematical representations of referance
abilities, just as parameters are mathematical

representations of components. The limitations of factors
that make them unsuitable as representations of latent
traits (see the section The becline o the Differential
Approach earlier in this chapter) oeasa to ba ; osblams
when factors are viewed as representations of refersnce
abilities rather than latent traits. First, both factors
and reference abllities are defined in terms of multiple
tasks and individual differences. their intrinsic
properties are therefore congruent, and it iz guite
appropriate to use factor scores as meastres of reference

" gbilities. Secand, both factors and reference abillitias
may be understood in terms of ocongtellations of
components. When they are defined in this way,

non-unicueness ceases to be a problem, because it is =simply
a manlfestation of the infinlte number of ways in which
components can be combined to form constellations. A
single component may enter into many factors and may he of
differential importance ih difference faotors.

»

Relatianship - between tasks and factors: A significant
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cutcome of linking +task suores to manifest traits and
factor scores to refererice abilitiles is that both tasks and
factors oaone to be seen as quite similar in one fundamental
respect: Both reprasent constellations of components,
Given this similarity they alse differ in cne 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 inte factors are held together by
individual differences constralnts - gertain sets of

‘components form stable patterns of individual differences.

By their nataore, both tasks and factors axe arbitrary.

‘the - number of tasks that can be devised reguiring different

combinations of ocomponents is infinite, as is the fineness
with which sources of ‘ndivimual differences can he -
identified, As new tasks requiring new combinatiens of
compohents are devised, nay sources of individual
differences will be féurd, if only the distinctions are
drawn finely enough. Ste.wnbrrg (1977) maintains that for
this reason differential. psychology has seen a
proliferation of factors.

Components are nop-arbitraxy, and their number is
finite. Although <they ocan be combined in an infinite
number of ways, and thus appeaxr in many gulses, they remain
the same. J[hey are the latent traits that account for hoth
task scores and factor scores.

- componential wview of factor analysis: Sternberg (1877},

identifies +two major uses of Factor analysis in
componential analysis.

Firgt, factor analysis i1s wused in the attempt to recover
the hypothesised refersnse abilities from the manifest
trait data.  There is no guarantee that when subjects are
given a series of ability tests, +the recovered factor

.
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structure will correspond to tha hypothesised
categorisation of reference abilities. It is neaessary to
demonstrate that the observed pattern of individual
differerces corresponds to the predicted pattern. If it
does not, the ddentities of the referance abilities may
have to be reconcepitualised.

'Seaond, factor analysis is usged to provide summary factorx

scores for each ldentified reference ability. It is always
advisgable to give at least twe and ﬁreferably more tests
for each ability in order to geparate the common variance
of interest in the tests from specific variance that is not
a true part of the reference aLility, Some a priori
welghting of tests could be used to form a éompasite
estimate of performanoe on the refershce ability. The
advantage -of using a factor score is that it is the
gstatistically optimum estinmate of performance on the factor
and therefore of performance on the reference ability.
Factor scores thus have the dual advantage of being
convenient summary BScores and at the same time, optimum
egtimates of referance ability performance. :

Sternberg (1977} arguas that the role played by factor
analysis in coomponential analysis 1z much less ambitlous
than its xole: in traditional differential psychelegy. In
componential analysis it i used to identify stable
patterns of iIndividual differences and to guantify these
.patterns by aszalgning one or more nuwbers to each subject.
When factor analysis 1s used for these more modest
purposes, the problems agsocisted with its use (highlighted
in the section The Decline of the Differential Approach
earlier in this chapter) disappear because such problems
oocour only in the conventional use of factor analysis to
uncover the latent structure of human abilities.

Reference Ability Models: Referende abllities axe
defined in terms of constellations of components. Given
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their definition, it should be possible to dilssect these
abilities inte their underlying components. This
dissection is atbemptad through reference abllity models.

In reference ability modeling; the ohjgctive.is-ta account
for = individual differences in gubject's reference ability
sgores in terms of individual dJifferences in thelr
component scores. Full understanding of a given reference
aoility would be attained when all the systematic
betwaen~subjécts variance 1in the reference ability scores
was accounted for by a combination of components.

Entegration : Structural Regression Yodel

' Thus far, three different model tyﬁes have been described.
. The gimplex model (for solution scoxes), the conponent
model, and the reference ability models. The outcomes of .
these three differant_mndel 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 types of scores, The
design of a structural regression model (as applled to
componential analysis) is shown in Figure 3.1.

a2 structaral  regression model 1s a ocausal account of
interrelationships. in compenential analysis, the causal
alemants are the components. Parameters representing
“hypothatical component durations or difficulties are'shbwn_
in the +third row of the model in the figure. These
components combine to form two types of entities. The
first is embodied in the sub-tasks formed by breaking down
the total task. These sub-tasks are shown in the second
row of the model. Arrows are shown leading upwards from
the parsmeters to the sub-tasks. Not all. parameters are
ghown for all sub-tasks.
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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 referenoe ability. A hypothetical factor is
shown in both the Ffirst and fourth rows of the model. In
Figure 3.1, arrows are shown leading downward from the
- parameters +to the factor representing the reference
ability.

-The relatlonship of the reference ability to the components
i mediated ‘hy the use of sub-~tasks. Access from the
components to the reference abilities is poszible via the
sub-tasks that form the basis for componential modeling.
operationally, therefore, sub-tasks form a mediate link,
and reference ability scores can be accounted for in karms
of solutlon scores, which are themseives accounted for by

. the component scores. Thus, arrows are drawn fxom the
sub-tasks to the factor,  although it is understood that

these sub-~tasks represaent only mediating operatlcnal links

in the chain.  From =a theoretical point of view, the
golution scores can be dlspensed with once the component
scores are estimated. In pré .tigce howaver, Sternberg

(1971) poinfs out that they are very useful evan after the
component sgores have been estimated.

The structural 'ragression model summarises in compact form
a large quantity of data from the intensive analysis. It
may be saen as forming the basies for construct validation
af the system of models and of the task used to validate

these models. sterﬁberg (1977) suggests that high
construct validity is indicated by a high level of
prediction for: Interval sascores from compongnt scores;

reference ability scores from component scores; reference
ability scores from interval sgcores and interval scores
from each other.
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OVERVIEW

The structure of the entire intensive anaiysis iz showtr in
Figure 3.2. The ecomposite +task score, measuring the
manifest trait, is broken up inte interval scores. Internal
validation of the interval scores is through the simplax

model . External wvalidation 1s through correlations with
scores on reference abllities tests and through tha
reference akilities models. In the corrslations, the aim

“ie te show both convergent and discriminant validity. The

interval sgores are used as a basls for computing component
scores, which are hypotheasizsed to measure latent traits,
Internal validation of the anmponeﬁt scores is through the
component  model. External validation is through
correlations with the referance ahilities and through the
raference abilities models. Again, the aim is to show both
convargent and discriminant validity. The various types of
nodels are combined into a structural regression model,
which forme the basils for intensive construct validation of
the aystem of models and of the task used to validate the
medels.. - :

Extensive Task Analysis

An  extensive ' analysis comprises a series . of related
intensive analyses. The prime ohjective thareof is to
demonstrate through a . sequence of oconverglng operations
{Garner, Hake -and Eriksen, - 1956) that <the components
jdentified in one particular intensive analysis have
paychological reality, and that théy are generalisahla_to a
variety of related tasks.

Sternberg  (1977) maintains that information processing

_psychology has been ocaught - in a web of specificity, the

reason for this he believes is that its vary 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 appliceble to related tasks as well. In
ganeral the tendency has been towazxd the ldentification of
very specific parameters for even more specific tasks, with
no attempt to show that the hyrothesised parameters are of
any relevance or interest beyond a given task o even task
material.

The extensive analysils strategy selected will depend upon
‘the task domain under sttdy, and so it ls 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 Extansive analysis'fbr the analogles studies, five
task  variables wera systématiqally varied: Dependent
variable, response <format, type of content, difficulty and
definition of attributes. Thres intensive analyses usged
rasponse time as the primary dependent variable, while one
used proportion correct. In two studies, the response
format . was ftrue-false, in two, it was forced choice., 3In
two experiments, the wcontent of the analogies was verbal:
in +two, 1t was nonverbal. Items zoross studies ranged from
very easy to very difficult. In one study, stimalus
attributes were very well defined. Sternberg (1977) argues
that 4if +he same theory can be found to apply acrosa 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 cbgnitive activities, 'it is apparent that componential
analysis has a number of advantages over both the
psychometric technigues of differentisal psycholugy and the
nodeling tsahniquss of informatlnn processing psychology.
Tahle 3.5 presents a summary -of seventedn of these
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advantages, which resuit from: The breakdown of the
composite +task inte sub—tasks and the formation of interval
scores; the <formation of - a component model and component
scores, and the use of referencea abilities and reference
ability scores.

Problems with Componential Analysis

Pellegrine and Iyon (197%) have provided a compy <h¢ . ve
and perceptive analvsis of componential analysis. aA.... igh
the wain focus of thelr analyéis is on Stermberg's
ploneering work in *his domain of cognitive resesarch, it
takes into account mora recant work as well, and thus
sarveé as an evaluation of the analytic system as a whole.
Sternberg' (1930}' subsequentiy' responded o this critigue.
His response is orgarised along more oxr less the same lines
as the orlginal review. ' '

Potential Methodological Problems

Paramster Confoundings: 'Pellegrino and Lyon (1879} ncte
that parameters esgtimated from a compeonential analysis may
be confounded - +that is, contain embedded within them
latencies or difficulties assignable t6 more <than one
component proocess., In componentiat analysis, each
parameter is estimated on the basis of the manipulation of
a single independent variable. Therefore, the posaibility
exists that more than one psychological process could be
affected by the mnanipulatien of a single wvariable, such
that  the latencies or diffloulities of two or mors processes
ﬁay he estimated as a single parameter. More generally,
the manipulation of a si & independent variable may
equally affect mulitiple psychologlcal procasses. Sternberg
(1980) acknowledges the applicability of this criticism to
componential analysis, however, he points out that it also
applies -egually +to all psychological experimentation that
ever has ‘or will be done. It is never known for sure that
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“the psychological process (or state) assumed to be affected
by a wvariable manipulation is the only process (or state)
affectad hy that manipulation. In fact it is never known
for certain whether a given mnanipulation affects the
intended psychological process (or state) rather than some
other one(s).

Given that no methodology ls immune from this criticism,
the most +hat can be expected from a methodolegy is that
it: - Minimises confoundings of psychological procesgses {(or
states), and Tmaximizses tha probability that s=such
confoundings will be discovered if they indeed exist.
Sternberg {1980) argues that componential analysis
. approaches (although it does not xreach) both of these
goals. '

Methods of componential +ask decompesition, in particular
the method of precueinyg, permit separation of components
that would be confounded in standard information processing
paradigms. Although <the wmethodolagy goes beyend certain
standard paradigms in preventing confoundings, it is not
impune from such confoundings = henca the necessity for
discovering them when they exist. It is stated by
Sternbérg' {1980} that external validation of the sort used
in comgonential. analysis often facilitates the discovery of
such coufoundings when thay exist, and, that Iin fact,
Pellegrine and Lyon (1979) rely upon the rasults of
axternal wvalidations presentad in his (Bternherg's) 1977
reseaxch, to infer that confoundings exist.

confoundings are  indicated by either: Patterns of
correlations between parameters and external criteria, or
pattarﬁa of correlations whereby a single parameter ls
significantly worrelated with “we or more reference
abilities that - are themselves uncorrelated. It is
important +that a method ke sensitive te confoundings, in
part because the disoovery of confoundings often serves the
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heuristic function of sﬁggasting future directions for
resaearch.

In summary, Sternhberg (1980} meaintains that componential

analysis is Qless =susceptikle +to confoundings than most

other information processing paradigms, and it is better

eble than they are +to discover and ultimately to correct
such confrundings when they do exist. '

Evaluation of Model Fits! Pallegrine and Lyon (1979)
argue  that, faken by itself, percentage of varianca
accounted £for is an inadeguete eriterion for assasaing
model f£its., They suggest that compdnential analysis relies
very heavily on this oriterion for assessing £it of
componential moedels. They also point Out,.hnWEVeI,'th&t
this is not the sole criterion for assessing model fits in
componantial analysis. Sternberg (1980) believes that
Pellegrino and Lyen ovarstate +the impeortance of thisz
criterion in componantial analysis. In fackt, ha claims
that +the tests to which models have been subjected in
componential analyses of human abilities ars more stringent
and more diverss than the tests that have been applisd in
many other kinds of abirlitles research.

Reliebility of single-gubjeat parameter values:
Pellegrino and Lyon ({1979) question the reliability of
individual paramster estimates in componential analysis,

Indeed, the relisbilities of the various parameters vary

greatly, and these relisbilities ought +to be taken into
account in interpreting the sstimates for individuals, In
faat, 8ternherg {1979) cautions against the use of
individual parameter astimetes Zrom componential analysis
to nake real-life decisions about  indlviduals,
Nevertheless, +the reliabilities of sone parameters appear
te be high enough to yiald rather striking and replicable
cotrelations with external criteria. For axawpls, in the
analogiee tagks oconducted by Sternberg (1977), comparison
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parameters were found to have lower aorrelations with
measures of higher-order reasonlng than did the responsae
constant parameter, This result has new been repllcated
with = geometric analogies (Mulhollard, Pellegrine, and
Glaser; 1980), as well ag with several tasks other than
- analogles (a.g., Egan, 19786}. Thus, Sternberg (1980)
points out that although reliabiiities may not be high
enough for practical individual prediction and diagnosls,
they do seem to be high encugh to yleld astable patterns of
indgividual differences, as shown by the consistent patterns
of corralations obtained agross experiments and even across
experimenters, '
Having presented a comprehensive ovarview of the cognitive
components approach to investigating mantal abilities, for
present research purposes attention shall not be focused on
Sternberg's  (1877) coimponential theory of analegical
reasoning.,

STERNEFRG'S COMPONENTIAL THEORY OF ANALOGICAL REASONING

Stexnbery {1977) undertook an empirical investigaticn of
the performange components involved in analogy solution,
amploying the ocognitive ocomponents approach described in
the preceding section of this chapter. This research
cuiminated .in the formulation of a componential theory of
analogical reasoning. '

The remaihder of this chapter shall comprise an in-dapth
discussion and evaluation of Starnherg's (1877}
compenential theory.’

Sternberg (1277} lists five oriteria, whioch he believes a
theoxy of analogiocal reasoning should satisfy:

"Completeness. A complete theory is one that accounts
for all processes lnvolved in analogical reasoning,
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from beginning to end. A completas theory explains
analogical 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 sach process involved in solving
analogies. A theory van be complate but not spevific

if it accounts for all processes, hut does not desoriba
the workings of the processes in detall. A theory can
also be specific, but not complete if it describas in
detall a subset of the processes used +to solve
analogies. .

. Generality. A theory {Is general if it is applicable

agross a wide range of analogy problens, A fully
general ‘theory would be applicable +to all analogy
problems, regaxdless of the content or mede of
presenﬁation. It is not obvious a priori that a fully
general theory ia possible; indeed mest previous
theories are not very general.

Parsimony. A theory is parsimonious if it can
daccount for analogical reasoning with a wrelatively
small hnumber of parameters and working assumptions.
Parsimony is difficult to evaluate, in part, hecausa
theorles that appear parsimonicus on their surface have
hidden . assumptions, while other theories that appear
less parsimonious oan be taken more easily at face
valie, As might be expacted, there is often a trade
vff between parsimony ort the one hand and complateness

~and specificity on the other, A difficult problem

facing theorists is +to strike a reasenable balancs
hatween tham.

Plausgibility. 3 theory is plavsible if it iz able to

ascount for experimental (or other) data that provide a

test of the theory. Plausibility also provides
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intuitive Judgements akeut the reasonableness of tha
theory. If one theory seems less reasonable on its
face <than another theory, sceptlios may reguire mors

compalling evidence +to c¢onvinoe ther of the former

theory than to convince them of the latter® (Sternberg,
1877, pp.l00-101). '

NATURE OF ANALOGY

An analogy is a hierarchy of relations taking the form A is
to B as C 1s to D (A:D::C:D). An analegy exists when there

. is a higher-oxder relation of eduivalence or

near-acuivalence between two lower-order relations, In the
terminology wused by B8ternberyg (1977), an analogy exlsts
when there is & 1ule ¥, that maps a domain rule, X, into 7
range rule, %, '

The domain refers to the A and B terms of the analogy. It
i= in the demain of the analogy that the first lower-orderx
relation X iz discovered. The range refars to the C and D!
terms of +the analogy. It ig to the range of the analogy .
that the X relationship is mapped through the formation of
an  isomerphic relation 4. The essence of analogy,
according to Sternberg (1877), is in the hlgher-order
relation, ¥, that wmwaps the dJowain into the range of the
analogy. This higher-order mapping relation is absent in
many other theor.es of analogical reasoning, di.e.,
differential +theories (e.g.,, Spearman, 1927; Thurstone,
1938; Cattell, 1571) and information processing theories
(e.g., Johnson, 1862 ; shalom and Schlesingex, 1972
Rumelhart and Abrahamson, 1973).

THE COMPONENTIAL THEORY
Cverview

The componential theory ef analogical reasoning proposed by

217



Sternbery (1977} contains six information processing

conmponents, five of +tham mandatory and one of them

optional.  The ocomponents are of thrée general types:

Attribute identification, attribute ocomparismen, = and

control. The combination rule for the components is ohe of

additivity. The astructure of tha theory iz summarised in
Table 3.6, and the functions of tha five mandatory

components are shown schematically in Figure 3.3 for a

true-false analogy.

Compaogents
Atdribute Identificationm, Thexe " is one attribute-
identification " camponent, encoding. This component

inveolves the translation of the stimulus into an ihternal
representation upon which further mental operations can be

perrormed. The internal representation is stored in
working memory and is asgumed to consist of an
attribute-value 1list. Enceding involves the comprahension

ard siorage in memory., of aach of the four analogy teéerms.

Attribute Comparison. Accerding to the theory there are
three mandatory attribute-comparison components and one
optional ona:

"Inference is the prouess by which a rule, X is
discovered that relates the A term of the analogy to
the B term. Inference thus ogours in the domain of the
analogy, and tha outcome is steored in working RMeRory.

Mapping is the process by which a highsr-order rule, Y,
is discovered that maps the domain of the analogy into

the range. Mapping requires discovery of a rule that
relatea A (the first term of the dowain) to C (the
first term of the range). .The mle is stored in

working memory.
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. GOMPOMENT LATENCY ' DESCRIBTION
PROCESS PARAMATER

I Components of Analogical
Reasoning )

A. ATTRIBUTE IDENTIFICATION

Encndihg - ' ' Identify attributes and values
) for sach term of %the problem.

B. ATTRTHUTE COMPARISON

Inference Piscaver rule relation A to B,
' Domain. _
#apping Discover rule pelating &4 %o C.
. Domain o range.
: . Application . .. Generate ruls te form D' and
’ gvatyate D. Range
Justification Opiional. Test validity of

operations as performed.
Bomain. Range. '

. CONTROL
Preparalion - ' Prepars for analogy soclution,
Monitor solution  process.
Response . Tranglata sclution into
responsse .

II Combineticn Rule

\ ‘Salution time = Encoding
time + inference iime +
mapping time + no gpplicsiion
time « (justification time)
+ preparetion-responsa tims,
Selution difficulty = Encoding
difficulty + infersnce
difficulty + mapping
diffiguliy + application

" diifficulty + {(Justificetion

¢ifficulty) + preparation-
response difficulty.

Additive

TABLE 3.8 COMPONENTIAL THEORY OF ANALOGICAL REABONING

{Sternbarg, 1977, p. 13%)
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Application -is +the process by which a xule, Z, is
genarated that forms Df (an image of the correct
answar) and evalvates D. Appliocation thus occurs in
the range of the analogy, and the outcome is stored in
working memory. .

gustification, an optiocnal compenent, is the process by

which one. of several answer . options  that are

non-identical to D' is justified as closest to D', Theé

pracaés is ' required only in forsed-cholce analogles in

which none of the presented ansvers conforms_to the

visualised answer D'! (8ternberg, 1577, p.136). '
Control. The theory includes one ocontrol component.
This compenent includes ¢he process by which subjects
prepare - for =olwving the analogy, mnmonitor the solution
process, and translate the solution ihto a response. The
component, preparation-response, incorporates those
operations that were not considared worthy of separate
components, but were thought to be suitably represented in
combination.

Combination Rule

It 48 hypothesised by Sternberg {1977} that response time
iz egual 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
iz performed (ag an independent variable) multiplied by the
duration of that component operation (as an estimated
parametar) . Corresponding to each ocomponent operation,
then, is a parameter rspresenting its duration.

Tt 4is further hypothesised that proportion of response

errors (item Aaiffiowlty; ig egual to the {epproprilately
acaled) sum of the difficulties encounktered in execuking
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each componant operation. A simple linear model predicts
proportion of errors as the sum across the different
component operations of the mumber of times each component
pperation is performed (as an. independent wvaxriable)
miltiplied by +the dQifficulty of that component operation
{as an estimated parameter). This additive combination
rule is based on the assumption that each subject has a
. limit on processing capacity (or space, Osherson, 1974).
Fach execution of an operation uses up capacity. Sternberg
. {1877} maintaine that until the linit is exoeeadeqd,
performance is flawless except for constant & sources of
error (such as motor confusion, carelessness, mementary
distraction), but goes on to enphasise that once the limit
is exceeded, performance is at a chance level.

In response-time models (with solution latency as a

dependent  variable), all component operations must
contribute sgignificantly ¢o solution latency, sihce by
definition each exec¢ution of an operation consumes some
amount of time. However, in regponse-error models (with
exror zxate as a dependent wvariable), all component
pperations need not contribute significantly to proportion

of errors because, according to Sternberg (1377), soma

operations may be so easy that regardless of how many times
they are executed their contribution to prediction of
errors will only be trivial,

COMPCYRNTIAL MODELS OF ANATOGICAL REASCJIING
Fuwi Basic Models
Overview

Sternbery {1277} proposes four alternative models of
analogical reasoning processes, . which -share +the same
information processing components and ¢ombination rule, bukt
diffet in. the way the components are oxganised into a
strategy for solving analogy problems.
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Enceding
Washington. {{President {first)), [Portrait on currency [Dollar))
- {War.Hero {Revelukionery})

1.  ({(Counting number [(one}),’ (Qrdinal Position {fireh)), .
(Amouni {one Unit}}}.

Lincoln {(President. (Sixteenth)), (Portrait on Currency {Five
- Dollars)), (Wsr Hero {Civil}).

- 10.  ((Counting number (ten)), (Ordinal position {tenth)),
(Amount. {ten Units}}), -

5. {Gounting nusber {five)), (Ordinal position (fifth)),
(Amount (five Unitsi)}. :

3

Infarance

Washington-l, {(Przsiaaét {Ordinal position {first}}),
) {Portrai% on currency {Amount {Doller))}, {0)))

Mappiihg
VWashington — Lingoln {{President (First, 81x+een+h)}, {Portraits

on currency (Dollar, Five Dollars}), (War heross
{Revolutienary, Civil)}).

Application
Lincoln—10, ({0}, {0}, (&}}

Lincoln-—+ 5, {{0), (Portrait on Currency (Amount - (Five
Dollars})), {0))

TABLE 3.7  ATTRYBUTE ~ VALUE LIST FOR ANALOGY ZXAMPLE
WASHINGTON : 1:: LINCOLN: {a. 10, b. 5)
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l Encode A J

!

[ 'Encuﬁe B. l

L

. Infer A—B

L
l Respond ' J

FIGURE 3.4 SCHEMATIC FLOW CHART FOR MODEL 1

(Stermberg, 1877, p. 138)
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Althowgh the models. are discussed in terms of an
attribute«value 1ist representation for information,
Sternberg (1977) points out that they could 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 operations upon this analogy are
surmarised in Table 3.7 apd are described by Sternberg

- {2977) asg follows:

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

The subject begins analogy solutlen by encoding the first
analogy term, Washington, and then the second analogy term,
1. In the example, the subject stores in working memory
the facts that Washingtnn was the first President, a
portrait on a Dollar bill, and a revolutionary war hero.
For +the numeral 1, possible relevant faots are that it can
represent the first counting number, +the first ordinal
position, or a unitary amount. '

Next, the subject infers the relation between the first twe
analogy terms. In the exawple, two of the three attributes
encoded for Washington can be used to relate that analogy

term to the second term, 1. The inferred relation states

that Washington was the first presiGent and is the portrait
on a Dollar bill. Mo ralation to 1 could be found for the
third attribute-value pair identi!ying Washington as a
revolutionary war hero, and so that attribute-value palr is
assigned a null value, ¢, in the inferenge relation.

The subject then encodes the third anaiégy'term, Iincoln,

thus faollitating +the mapping of the relation between the

first and thivrd terms. In the exampls, the subiest
’ .
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L

recognises that both Washington and Linceln {(a) were
presidents, - (b} are portralts on currency, and {c) were war

heroes.

. The final regquired encodings are of the answer options, 10

and &. once these Terms are encoded, the subject attenpts
to apply £rom Lincoln to each answer optioh a relation
analogous ‘*to the one previously inferred. An attempt to
¢ nstruet an enalogous relation from Lincoln to 10 resulks
in a null  relation, because no analogy can be féund:
Lincoln was neither +the <tenth president nor is he the

portrait on a 10-Dollar bill. An analogous relation can be

constructed from Linooln to 5, however, becauss Lincoln’'s
portrait sppears on a S5-Dollar bill,

The analegy Iz now solved. 211l that remains ls for the
subject to communleate the solution. The subject responds

with option b, completing the analogy problem.

It is important to note that in Model 1, inferance,

Tapping, and  application (the attribute-compa¥ison

operations) are exhaustive processes. All attributes are
compared to each type of oparation. However, Sternbery
{1977) emphasises that <this uharactaristic fails to hold
true for the gubgequent models to be desoribed.

Model II. The schematic flow chart for Model 1II, shown
in Figure 3.5, is identical to that for Model I through the
encoding of D (lncluding D, and Dy).

At thils point, Bternberg (1977) claims that an “attribute
counter® iz set egual f£o zero and then ingremented by ona.
only one attritute 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 one.
The subject naow applies the second attribuyte. In doing so,
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d

| | Encode B 1

)

{Infu A#B ‘

Encode & '
-
] Maop A—>GC |
b

‘ 'Er.n:o.d-e.n { _

i=0Q

A

L Aeply € = Dy |

FIGURE 3.5 SCHEMATIC FLOW CHART FOR MODEL X

(Bternberg, 1977, p. 140)
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Sajution .
' YES
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FIGURE 3.6 SCHEMATIC FLOW CHART FOR MODEL IIT

(Stermberg, 1677, p- 141)
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he/she recognises that 5 refers to the amount of the bill
on which Lincoln appears. BSince the second option leads to
¢n mnalogous rule, the subject respends b,

It is worth noting that in Model IZ, infererce and mapping
are exhaustive, but appiication is — self-terminatin-.
Whereas, in Model I, all attributes were applied, in Model
II, only as many atbtributes are applied as are needed to
reach a unicue solution, i.e., the subject never reaches
the third attribute-value pair identifying Idncoln as a
eivil war hero, because the second attribute permitted a
_ unigue solutioen. '

-

- Model III. The s:nematic £low chart for Model III, shown
ir Pigure 3.6 b “o that for Model I through the
encoding of th 1 .

At this polnt, st vy * out that the subject
enters the attribute-.est. . in Model II includes
only application. Be ul naps ohe attribute,
recagnising that Washing .. .ncoln wera bokth

presidents, the first and sixteenth cespectively. Since 1
= 1 (the subject iz travelling through the loop Ffor the
first time), the subject encodes D. However it is
purported that ’the subject will not ra-encode D should
subsequent iteration through the loop be necessary, since,
in subszequent iterations, i = 1. Next the subject applias
the first attribute, that Lincoln was the esixteenth

president, This application faile to yield a unique
soclntion, so the subjesct returns to the bheginning of the
loop. Az in Model II, the second trip through the loop

does yield a unique answer.

It is dimportant to note that in Medel III, inference is
exhaustive, but mapping  and ‘application are
self-terminating. Whereas Model II required wapping of all
thtes attributesd +o solve the analogy. Model III requires
mapping of only twn attributes.

L4 . £
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MNodel IV, The schematlie flow chart for Model IV, shown
in Pigure 3,7, is the same as that for Model IIT through
enocding of the second analogy term.

At this point, the subjsct sets i = 0, and then enters tha
attribute~testing loop. Dnoe again, the loop is arranged
so that the analogy %terms are encoded only on the first
trip through the loop. The subject infers, maps, and then
applies an attribute, trying to seleot a unigue answer. If
the subject oannot, he/ghe returns to the begi. .ing of the
loop, and infers, maps, and applies another attribute,
wontinuing the iterative process until the analogy is
solved, . '

In Model IV it is slgnificant to note that inference,

mapping, and application are all self-terminating. Whereas
Model III required inference of all three attributes to
golve the analogy, Model IV requires only two inferances.

TWO BASIC STRATEGIES 1IN APPLICATION

Htarnberg (1977) maintains +that in applying the analgous
rula from C to D, twe basic strategles may be followed, the
essential aspects of which arse presented schematioally in
Figura 3.8. '

Sequential oOption  Soanning. The firr. of these
gtrategies involves seguential scanning of the presented
answer options. The subjeqt applies attributes onte one

sption before applying any attributes onto another option.
Tha  assumption ie mnade that as a safeguard agailnst
pramature decisions, the subject checks all options,

Considering +the eaxample in Table 3.7, 1t is apparasnt that
the subject initiates application by applying the first
attribute~value palr for Lincoln, (President (Sixteenth}),

-
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FIGURE 3.7 BCHEMATIC FLOW CHART FOR MODEL IV

(5ternberg, 1977, p. 148)
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onte 10, Whan this falls to yield a match, as do
subseguent applications ohto 310, the subject applies each
of the attribute-valua palrs onto 5, finding a match for
(portraxt on currency (Five Dollars}}).

Alternating Option Scanning. The seocand strategy
involves alternating scanning of presented answer dptions.
Here the subjact:'applies an attrihuté' onto each option
before applying any further attributes. Again, the subject
is assumed to check mll options.

Foausing again on the exampia in Table 3.7, it is apparent
that the subjece dinitlates application by applying
(President (Sixteenth)) €irst onto 10, then onto 5. When
this fails +to yield a match, the subject applies (portrait
on ourrency (Five bPollars}), onto 10, and then 5, oniy then
obtaining a match. It is of Iimportance +to note that
whereas sequential option scanning required applicatien of
all attributes onte the first answer option, alternating
eption scanning reguired application of only two attributes
onta this answ.ar option.

SCOPE OF THE MODELS

Analogy Format, The modals - are applicable to analogies
presented in elther forged-choice or true-false format.
Application for forcad-cholce analagies  proceeds as
described in the previous section, and may be extended to
analogies with more than twe answer optiong. In true-falge
analegies, &ternberg (1977) pelnts out that the subject
proceads through the analogy and tries to determine whether
a relation can be constructed from ¢ to D that ls analogous
to the relation from A to B,

If such a ralation can ba cnnstruqtad, the analogy is true;
otherwise, 1t is false. The distinction bhetween sequential
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FIGURE 3.8  BCHEMATIC REPRESENTATIORS OF TWO TYPES OF FFORCED
CHOXCE MODELS. )

(Sternberg, 1077, p. 144]
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and alternating option scanning becomes irralsvant, because
there iz only one answer option.

Analogy Content. sternberg (1977) wmaintains that juét as
the models are applicable to verbal analogies of the type
presented in Table 3.7, they are &lso applicable to
geometric, animal npama, and Miller analogies, using the

- same encoding schena.

Analogy  Prooesses. While the models proposed by
gternberyg {1977) specify in some detail alterhative waye in
which attribute infexmation can be combined to arrive at a
solution for analegy problems, they-de not specify what the
possible attributes are for different types of analogies,
nor do they speclfy how subjects discover these attributes
in the first' place. A complete theory of analogical
reasoning would have +to specify this further information,
something that Sternberg (1977) has failed %o do.

EVALL YTION OF STERNBERG'S COMPONENTIAL THEORY

Sternberq (1977 provides a short evaluation of the
proposed ocomponential theory in terms of the criteria he
believes a theory of analegival reaszoning should satisfy:

COmplaténess. It is belisved that to a large extent
the theory eatisfies this oriterion: The analogical
reasoning process is described by datailed models from
beginning fto end.  Rach model Ffalling under the theory
can be represented fully in flow chart form, with all
necessary processes explicitly stated and shown in
thair relatiens to each other. -

Spaaificity. fhe theory is viewsd as quite specific
in  desoribing the delails of the thres wmandatory
attribute~comparison operations, but less spedaific in
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describing the details of the encoding process. The
theory describes numerous minute monitoring oparations,
although VYthe internal mechanisnma, behind 'preparation'
and fresponse' remain a mystery" (Sternbery, 1977,
r.1l48). '

Generality. The +theory is regarded as very general,
being applicable to a widé ?ariety of analogy types:
People plece analogles, verbal analegles, geometric
aralogies, and animal hame.analogiea. :

Parsimony. The theoxy is seen -as achieving a
considerable degree of parsimony by specifying all
operations, but asgigning separate  iInformation
processing components only to psychologically
significant operations. The theory thus manages to
maintain uomplateness whila at the same time retaining
parsimony. The ' major aspects of analogieal reasoning

are acdounted for in five mandatory and one optional
componant,

Flausibility. Tha results of a ©series of
axperiments, devoted to tests of the theory and models,
conducted by Sternbery (1977}, revealed that the theory
accounted For the data very well, thereby satisfying
the criterion of plausibility.

In conolusion, Sternberg states, a it tentatively, that
"On balance, the componential theory does guite well by the
Fiva eriteriar (1977, p.147).

FURTHER COMMENTS ON STERNBERG'S TREORY OF ANALOGY
8imilar to their wide-ranging ané perceptual apalysis of

componential analysis, Pellegrino and Lyon (1979) provided
an evaluation of Sternberg's (1977) componential theoxry of

PN ) 135



o

e e

analogical reasening. Bs was the case with their critique
of componantial analysis Sternbere (1380) has responded to
thelr comments.

Difficulty of Itenms, Pellegrino and TLyon -~ (1979) note
that the analogies studied in the experiments reported by

Btarnberg (1977) wera rather easy and suggest that the
sinpie linear wmodels that £it the response time data for
simple analogies might not work for more complex problems,
such as difficuit verbal analogies (such as those contained
in thae Miller Analogies Test). Sternberyg (1980) makes

sevaral pointe in responsa to this obszervaticn:

Firstly, bhe emphasises +that while it would be unrealistic
to believe that the simple linear modals used to predict
response time simulate il precise detail the more complex,

posslbly non-linear strategies subjects actually used in
problem solving situations, they neverthelsss provide
reasorable approximations. '

Secondly, it is noted that although the linear models for

regpenge time are rather slmple, they have provaed gquite
sudoessful in predicting response times in tasks that are
really guite ocomplex, such as categorical and condltional
gyllogisms (Guyote and Sternberg, 1978). Thus, difficulty
in itself does not preclude the use of a linear model for

- pradicting response times.

Thixdly, Bternberg {1980) stipulates +that componential
analysis is not predicted solely upon the usa of linear

models. . HNon-linear models have been used te predict
response cholces in syllogisms tasks (Guyote and Sternbery,
1978) and in analogies, ~ulassifications and series
completion  tasks (Sternberyg and Gardener, 1373}, In

componential analysls and  presumably other forms of
analysis as well, a form of a model 1z selacted that is
appropriate for the behaviour being modelled.
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Finally, Sternberg (1980) acknowledges, as Pellegrino and
Lyon claim, *that ocomponential analysis may not work well

for  certain kinds of difficult verbal analogies. However, -

he attributes this Llesser 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),
Specifically, complex verbal analogles are as much or more
a meastra of  vocabulary as they are. of reaso! ing
(Sternbery, 1974, 1977). Although these items have .ane
"surface structure” of analogy items, Sternbery (1980)
pelieves that they have the "deap stxucture" of v.-o 1lary
items, in +the sense that many gubjects never , e+ the
meanings of words. The major source of individual
differences therefore appears to be in vocabulary rather
than reasoning. Thus it is unclear whather a theory of
analogical  reasoning 1s partioularly =xelevant to the
golution of complex verbal analogies =since the majoxr
difficulty they present ig not one of reascning.

Taking cognisganca of Sternberglis (1980) reag, to
Pallegrinc and Lyon's (1979) comment regarding the & of
item difficuity, 1t is a contentien nf this research that
in any Xind of cognitive process the probability of
multi-phasio, overlapping events cannot be ignored in
favour of +the appeal to simplicity of a mneat JTinear
sequential mogel, Rather, what is reguired, iz an attempt
to formulate (a} more appropriate non-linear model/s for
purposes of Investigating subject performance on analogy
prohlems. :

Components as Black Boxes. Pellegrino and Lyon (1979}
argue that some and posaibly all of the components have the
character of black . boxes: They name processes without
specifically desoribing what mental operations accur when
these processes are execubed. It is suggested by these
authors that ona futire direction ocomponential analysis
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ought te take is toward identifyiﬁg what is done in esach of
the ocomporents of analogical (or othex) forge of

' reasoning.  Skternbarg (1980) is in full agreemept with this
analysis, and believes that to accomplish this goal, the

following would be necaessary: A Fflrst stage of research in
which the <components of information progessing are
identified, followed Dby one of more subsequent stages in

which the nature of these components 1s further sxplicated,

Chaptexr Summary

This chapter commenced with a disgussion and evaluation of
the +twe traditional approaches empioyed to investigate the
nature of ocognitive ahllities, i.e., the differential and
information processing approaches, went on to examine two
contemporary approaches teo oeognitive abilities, i.e., the

‘gognitive correlates and cngnitivé components approaches,

and culminated with a discussion and evaluation of
Stexnberg's  (1977) oomponential theory of analogical
reasaning, whichk has gz 4ts foundation the cognitive
comnponents approach.

By employing the research technique of compohential
analysis used by Sternberg (1977), the present study shall

_attempt to investigate the extent to which subject's

performance on forced choice qeometrid analaogy items of
varying ¢omplexity can offer insights into the strategie
influence. o©of mental workload variation on cognitive task
performance. The raticnale and procedure for tha present
research is presented in Chapter 4.
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THE PRESENT STUDY



CHAPTER 4

RATIONALE AND PROCEDURE

Conceptual and-Hethodoiogical Issues

It will be recalled from the =ection The Concept of Mental
Workload in Chapter 2 that for measurement of méntal
workload, analytical success is dependent upon an accurate
and robust model of task démandé. It was noted further
that models of this natutre are to be found in the inductive
reasoning paradigm (e.g., Evans, 1968; Sternbaryg, 1977;
Mulholland, Pellegrino and Glager, 1980}. Inductive
reasoning ability has been prominent In theories of human
intelligence, playing a central role in its assessment. A
variety of +tasks have been used +to assess this ability
(e.g., oclassification problems, series completion ?rabléms,
analogy problems and matrix problems). of these tasks,
Pellagrine -and @Glaser (1580) regard the analogy proklen as
the most pervasiva.

Despite the long history of inclusion of analogy problems
on teste of  aptitude and intelligence, a combined
theoretical and empirical anaiysis of +the component
cognitive processes involved in analogical problem solwing
has only recently become an active research area (e.g.,
Sternberyg, 1977, 1978; ©Pellegrine and Ingram, 18%77;
gternberg amd Rifkin, 1579; Pellegring and Glaser, 1879,
1882; Sternberg and Nigro, 1880; Mulholland et al., 1920).
Sternberg's (1377) picneering attempt te specify tha
components of performance in +thils problem type, in
partioular hils investigation of the performahce components
involved in the solution of forced cohoice geometrlo
analogles, constitutes the basis for the emplrical and
theoretical issues explored in the present research.

.
. I3 .
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The rationale here being that, of the varicus sources of

age and ability differen@es in performance cn inductive

reasoning tasks (gee the section Cognitive Abilities and
Psychometrics in Chapter 3, for a desoription of theze
sources of difference) the Thost intaresﬁinq differences

‘appear to be those asscciated with ontent Xnowledge

{Pellegrino arnd Glaser, . 1982; Holzman, Pellegrino and

Glaser, 1983). In attewpting to solve verbal and numexrical

analegy 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

differences in performance on verbal and numerical analogy

problems atre partially attributable to differences in the

availability and/or accessibility of such knowledge.

Therefore, it is contanded hers that by concentrating on
8ternberg's (1977) Thebry of Analogical Reasoning as it

applies to forced choice geametric analogy solution, it

will be possible to eliminate suck extraneous influences

from experimental task seolution.

sternberg's (1977) theory specifies smeveral processes
applicable +to all analogical reasoning taske of tha form A
ise to B as C is to D. 'The component proocesses include:
enuoding; inference; mapplng; application; justification,
and response (see <the section The Componential Theory in
Chapter 3 for a detailed dlscusslon of these processes). A
major assumption of Sternberg's theory is that of
additivity across performance components. Sternhérg ({1977)
maintalns that the terms of a geometri¢ analogy are enaoded
as element lists. Comparisons between the A and B terms
yield a list of transformations that cccur from A to B. An
element comparison of the A and C terms maps the A to B
transformations onto the C term such that the ideal D term
gan be generated. The D options are then evaluated as to
whelher they represent the appropriate transformation
modlfications ofC. '
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Sternbery (1977) tested several componential models, each
representing different éssumptions about serisl wversus
parallel procassing and exhaustive versus self—terminatiné

processing in the alement encoding and comparison

components {see the sectlion Componantial Models of
Analogical Reasoning in Chapter 3 for a discussion of
these models). The model which accounted for the greatest
portion of varlance across different types of analogy items
was one in which ensoding and infereﬁce of +the
transformationas from A to B were serlal and exhaustive,
whereas mapping and application of the elements with
.raspeat to €  and D were serial and'seif-terminating-(see
Figure 3.6 in the section &omponEntial Models of
Analogical Reasoning in cChapter 3 for an illustration of
this model),

Sternberg's (1977) research into analogy task solution
fooused predomirantly on comparison prodesses and less on
the particular content of the different analogies used.
Mulholland et al. (1980) argue that in Stermberg's (1977)
Gecmetric Analegy Experiment, the nature of the element
encoding process  was ihsufficiently detailed and neo
descripticns were provided of the elements encoded in
different analogy <types. 1Inh this regard, Sternberg (1277)
has _gommentad that gritical issues relating to
raprezentation (i.e., encoding and discovery) of the
elements comprising the separate terms of analogy items are
left ﬁnaxplored in his research.

This would appear troublesome since a great deal of the
time assoclated with geometric analogy solution seems to
involve the encoding process (Mulholland et al., 1980), and
it geens  particularly important to gain a more

comprehensive understanding of +this and other related
' proogsses. Taking 'cbgnisance of this chortecoming, the
present study shall undertake to investigate foroed choice
-géometrio analogy &olution as a function of systematic
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variations 1in the information structure of individual
items.

Sternbergis (19771 ‘theory advacates that in gemeral, the
overall performanca on the analogy task ls 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 informatieca to be processed iz considered to ba a
function of the number of individual elements that comprise
* the separste analogy terms and bnth 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
. taskx solution will preduce a corresponding increase in the
load on working menory, which'may require the allocation of
‘suk ial processing resouroes to operations designed to
waintain high levels of parformance. S8ince the demands
imposed by the geometric analogy tas* compete for thae
rasources of a limited capacity informatlon processing
system (Wickens et al., 1986} it could wall be that control
and/or memory management processes are. nhecegsary to
supplement the actual processing operations associated with
element and transformation processing.

It would therefore not appear unrealistic to assume that
" performance on highly complex forced cholce geometric
analogy items may  necessitepte a cextain amount of
time-gharing (MoCormick and Sanders, 1982}, Should the
findings of +the present research serve to confirm this
assumption, this would have wide renging implications for
future compenential analysis research 4in particalar and
cognitiva task xeseaxch in general, since the notion of
time-sharing dis a rejection of a rigid sequential, additive
strategy to +task soluticn, such as that advocated by the
simple linear componential models proposed by Bternberg
{1977) . .
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The principal design components of the present study shall
comprise the construction of forced choice geometric

‘analogy items that  systematically vary on. the two najor
 dimensions of ditem oontent, i.e., the elements used to

construct the individual  terwms, and . the spatial

. transformations +that define the rules relating the pairs of

terms. It 1s intended that s=uch manipulation will
facilitate the verificavlon of whether additivity of
element and transformatien processing is maintained for

overall solution latency, under conditions of varying

cemplexity, as ass''wad in Sternberg's (1977} experimental
work. . Tt is proposad tha. ..L.-uld violations of additivity
be detected, depending on *i- 1r deverity and form, these
would suggest the possibility that forced choice gaometric

" analeogy task solution may follow a more integrated strategy -

involving interactive element and transformation progessing
at high levels of item complexlty.

Th& present research shall endeavour to investigate the
extent to which findinge from an appérently stable
cognitive phenomenon, i.e., foroed choice geometric analogy
task  s#olution, performed under oconditions of varying
complexity, ocan offer insights into tha strategic

'implidaticns of mental workload variadtions on cognitive

task performance,.

The Measurement of Mental Workload Associated with Foxced
cholce Geometric Analogy Task Perxiormance

Performance on a complex cognitive task may require an
individual to monitor geveral sources of information, and
to act on them in » decision making role. The rate of
information presentatioh wmay be very low, in which case
problens may arise concerning the individual's need to
maintain dinterest and alerthass.. The problems with  .ich
the present study are conoerned, however, arxe thosa arisihg
as a result of an individual performing a% the



upper margine of his/her ability, i.e., under conditions of
high mental workload.

It will be recalled from the section The Conoepl: of Mantal
Workload 1in  Chapter 2  that despite %he widespread
agreement  about . the importance of measuring mental
workload, there is as yet na consensus on how to do this,
and furthermore, no universally accepted definition of the
cohcapt. Researchers from different backgrounds would
prrwably have different priorities and purposéas and hence
would adopt methods of assessment best sulted to thelr
objectlives. Barber {1988) emphasises that thera is no
primacy of one gset of methods over another, th-ugh it
remains important to establish which set of methods is best
svited for which purpose. '

Given the shasxr . speed of solution of geometrio analegy
items . few seconds at most (Bternbexrg, 1977)), togsther
with the primary objective of ‘he present study, i.a., tha
investigation analogy dlitems oL varving corplexity, of the
mental workleoad astimation technigues dis-ussed 1in  the
section Mental "-~klgad Estimation Technicues in Chapter
2, the technique best suited +to present purposes would
appear +to be the Primary Task measutrement techniqum. The
remaining measurement techniguas discussed, i.e., Seoondary
Tagk  Measures, Physiologioal 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 measuremaent techniques assume thet underlying
changes in worklevad Imposed by the task will be reflected
by measured c¢hanges in primary task performance (Leplat
1978) {for present purposas the primery ‘task index of
response time will bs used fo sszess varlations in task
performancea) .. Task performanage varlation is quantifiad by
camparisdn of actual primaxy task perfnrmance to pre-
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assigned task performnance to pre-assigned task objectives.
Typlocalily, task performance is broken down inte a nunber of
task dimensions for which it is possible %o obtain
guantitative performance data in terms of deviations from
baseline performance levels, _ " 7his facilitates the
selective analysis of primary task dimehsians; In this
study, the precueing method proposed by Sternberg (1977)
(descriked in detail in the section Intensive Task
Analysis in Chapter 3), and employed Iin his Geometric
Analogy Experiment, will be used fox the purpese.of prlmary
task decomposition.

~For present purposes, decomposition will be facilitated by
neans of eliminating from subjects® information processing
sucoessive 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., 1TIn the
second part, that of primary interest, the full analogy is
presented. Here, solution is assumed to regquire meraly a
subset of the full set of performance somponants considered
_necessary for task solution. The general strategy being to
provide subjects with an awount of prilor information
{precueing) in the £first part of the trial, in oxder to
raeduce the amount of processing reguired in the second part
of the trial. A more detalled descriptlon of the precueing
method te be ewmployed £for present yasearch purposes ls
presented in the section Procaedure later in this chaptér.

as wes the case in Sternberg’s (1877} Geomstric Analogy
Experiment, three typas of forced choice geometric analogy
wlll be wred 1n the present study: Degenerate,
Semidegene: e, and Nondegenerate analogies. Dagenerate
analogles ara those in which the number of solament
transformations from both A ¢ B and A to € is zern. These
analogies are of the form A:A::AA, Semidegenerate
analogies are those in which the number of ealement
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ftransformations either from A to B, or from A to C (but not
both} is zero. Thaese analogies are of the form A:A::B:B or
" A!BriA:B. In general, the fourth term of a Sentdegenerate
analogy should watch elther the second or the third temm.
Nondegenexate analogies are +those in whish element
transformations take place from A to B and A to ¢. These
analogies are of the form A:B:iC:D. The fgurth term of a
Nondegenerate analogy will not mateh any of the other
terms. At this juncture it is Iimportant to point out that
since both variations of the Semidegenerate analogy will ke
employad in this study} reference  will ba hade to the
"four" forced choice dgeometric analogy +types for the
remainder of this thesis. o '

Two precuding conditions will be used to sstablish baseline
performance levels on ltems from each of the abovementioned
analogy types. PFirstly, a zero cue condition (nc precueing
information provided) will be used to establish baseline
performance levels. Hera the whole forced chaice geometzic
ahalogy item will be presented, including the two answer
options. The subject will solve it and indicate his/her
response. The recorded solution time will represent the
baseline pexrformance level. Bacondly, a two cue condition
will bhe used to investigate deviations from baseline
performance levels. Here the trial will be dichotomiseq
{as dAiscussed earlier in this section). In the first part
of the +trizl the first two terms of the anslogy will be
presented, once - the subject indlcates that thase terms
have been processed, the cue time will be recorded, and tha
whole analogy (including the two answer options) will be
presented, this constitutes the second part of the trial.
The subject will solve the analogy and indicate his/her
response, +the solutlon time will be recorded (see the
saction Types of Interval Scrres In Chaptar 3 for a
discussion of cue times (scores) and solution times
(scoras}). The difference between the gero cue condition
solution time and the two oue cendition solution time

.
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recorded for a particular item will represent the gdeviation
from the baselines performance level.

' According to the Primary Task hypothesis, mental workload

increases will produce a corresponding deterigratien in
task performance. Howevexr, Barber (1988) considsrs such an
assumption 4o be overly simplistic, sinee it may occur that

'as a task becomes more complex and imposes greater demands

(in terms of number and complexity of operations to be
carried out per unit of time), performarce mnmay remain

‘unaltered, and suggests that this ma' occur as a result of

either the individual . performing within his/her own
information processing iimitations; or because of a change
in solution strategy to accommodate increased demands.

‘This  issue receives attention in the section subjective

Influences on Coguitive Task Performamoe next in this

chaptar.

Subjective Influenceas on Cognitive Task Performance

It was highlighted in tha section Operator oOrientated
Factors in Chapter 2 that a common source of difficulty in
relating processing oapacity to +task demand is that the
precise ways 1n which tasks are performed differ widely
between individuals and within any one individunal on
different occasions. Thare are wusually different
strategies available for achieving adequate performance,
gome Dbeing more effiglent than others. It was argued that
gkill, in terms of cognitive task performance, would appear
to lie in the selection and application of the most
afficient out of range of avallable infexmation processing

‘strategies.

In addition, it was argued in the sectlon Operator
orientated Factors in Chapter 2 that increased exparience
on the part of an individwual would appear to anhance
his/her level of proficiency on a specific task or group of
tasks, and. thereby reduce the mental effort expended in
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order to mest +task demands. It was stated furiher, that
the same actual demand would imposge different levels of
_operational workload depandent on the cognitive
capabilities of the individual. '

It will he recalled from Chapter 2 that Bainbridge (1978)
was of the opinion t! .© an increase in the demands imposed
by a cegnitive task should influence strategy choice, Tt
was also noted that should an individual be unable to adopt
a different working method (strategy variatien) in order to
overcome inoreased task ~demands, he/she would experience
incremsed mental workload, which would vresult iz a
deterioration in task = performance. If inoreased task
demand can be dealt with only by a modificatien in
processing strategy then, it would appear reallstic to
assume that strategic flexibility would serve to enhance an
individual's reaction to those demands.

"Indeed, such strategic changes in how a task is
conducted are likely to be of particular interest in
the context: of mental workload estimation" (Barber,
1988, p.103}.

Howevey, - bacause changes of this nature are unilkely to be
evidenced by  sdmple 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 wvariation 1t would be necessary to have recourse
to more subtle indices of task performance.

The speed of solution of forced choice geometric analogy
items suggests the automatic allocation of cognitive
resources at high speed, with little or no time to
~deliberate on an optimum solution strategy. The choice and
control of a strategy can he eithar conscious or
vneconsdcious. Given the dvert nature of Primary Task
TPechniques, they would fail to indicate a oonscious -
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awareness on the part of subjects, of the strategies
adopted for the solution of the different item types to ha
used in this study, i.e., Degensrate, Semidegenerate and
Nondegenerate foroced choice geometric analogiss. It is a
contention of the presant research thai, given the relative
simplicity of the experimental items, subjective reflecti.n
will provide a suvitable means of establishing the existence
of  a . conscious differentiation between solution strategies
for different item types. Therefore, in light of the
shortoomings associated  with +the use of Primary Task
workload assessment techriigues (highlighted in the section
_Primary' Pask Measures in Chapter 2}, and given the
argument -tha’ no single measurement technique should be
used in isolatien, for present purposes, a debriefing
tedhnigie, i.e.,- a Subjective Strategy Report will be
incorporated intce the present experimental desigm.

The  Research Design of Sternberg’s (1877) Geometric
Analogy Euperiment and Iits Relevance +to the ¥Present
Research

The research procedure adopted in Sternberg's {1877)
Geometric Analogy BExperiment (in particular, the methed of
subject selection and number of subjects selacted) does not
facilitate the ' investigation of item complexity influences
-on  the provesses of solution strategy selection and .
administration. '

In the Sternberg (1977) axperiment subjeots were selected
from a population of 441 students studying Psychology I at
Stanford University. All of the students were required to
complete two teats. The Ffirst test was a Word Grouping
Tesi. The second test was the Card Rotation Test (Test
§-1) £from the French Test of Referesnce Tests fox Cognitive
Factors (French, Ekstrom and Price, 1963).

Only the Word Grouping Test was used in subject selection

’ 149




"... s=ince selection was desired on reasoning but rnot
-spatial wvisualisation (Sternbery, 1977, p.256). Subjects
were then selecked £rom two groups, i.e., those scoring
between +tha 5th and 25th percentiles and thosze sdcring
between the 75th and 95twm percantiles on the Word Grouplng
Test. Twelve subjecks {six male and six female) were

salected from eaoh of the abovementioned groups. In total

twenty-four subjects participated In Sternmberg's (1977)
Gecmetric Analogy Expariment.

Given the highly specific nature of the subject selection
procegs used by Sterhberq {1877}, it is contended that such
a salection procedure would be too restrictive for present
purposes and furthermore, it suggests a strong a priori
expectation on Sternberg's part. The eolution strategies
of 1wo highiy specific groups of subjects would in no way
. provide an ascurate indication of <the range of solution
strategies available foxr foxced choide geometric analogy
splution. . Bstablishing the existence of meaningful
strategic variations ~within, as well as between subject
performance on ﬂbrced choice geometric analogy items would
require a more general subject sample, firom a more general
subjact population. Moreover, it is argued that a sample
of twenty-four subjects would be insufficient to facilitate

the application. of.a suitable data rednction technicue for’

the purpose of differentiating between alternate solution
strategies.

Of particular significance, is that at no time did
Sternberg (1977) attempt *to establigh whether any of the
subjects participating in the Geometric Analogy Ewperiment
had previously participated in any form of experimentatien
involving ¢the solution of analogy preoblems. As a result,
it would not have been possible to establish whether pagt
experience had a modexating effsct on task performanve as
measured in the experiment, or whetheé. the results yleld
_were merely attributable to variations in item complexity

Fl
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(tha efifects of experisnce and inexperience on task
performance were discussed in detail in the section
Operator Orientatsd Pactors in Chapter 2). For present
purposes it would be necessary to selegt a sample of
subjects. on the bagis that previous exposure to analogical
reasoning tasks Thas been minimal, unstructired and
certainly hnot  subjected te  psychometric  soreening.
Consequently, their reasoning abilities will be subject to
random variabiiity. It can therefore be assumed that

' pubjective +task performance will be representative of the

range of ‘easoning strategies availabla for forced choite
geometric analogy solution, as well as highly responsive to
workload influences, ' '

Tt was noted in the section Conceptual and Methodological
Issues earlier in this cbapter that providing subjects
with prior information in tue f£ixst part of iten
presentation s=erves to xeduce the amount of processing
required in the second part of item presentation. It is
proposed here +that providing precueing informaticn in the
first part of item presentation serves to reduce the degree
of task  uncertainty, and therefore mertal workload,
experiencad by subjects during task solution. Furthermore,
it is ocontended that the incorporation of the precueing
procedure descrlbed in tha section Conceptual and
Methodological Issues earller in this chapter into the
prasent experimantal design, will  Ffaolilltata  the
manipulation of task uncertainty. In the present study the
highest degree of task uncertainty will occur with the zero
cué precueing condition, wheress +he +wo cue precueing
condition will represent a state of greatly reduced tagk
uncertainty.

The present experimental design will resemble that adopted
in the S&ternbery (1977) Geometric analogy Experiment only
in terms of the item =election, manipulation =ang
‘presentation procedures, as these nave been shown by




. Btexnberg . (1977} to be both stable and reliable. This will

permit the comparison of the results obtained from this
study with those achiesved by Sternberg (1977).

Assessment of Subjecitive Influences

Subjective Influences and Cluster Analysis

In terms of +the central issues of the present research
involving the inductive reasoning paradigm, investigation
has mainly followed the "classical" approaches to research
design and analysis (e.g.; Fisher, 1942} Sheffe, 1959;
Ketlinger, 1973 Pedhazur, 1982},  which hinge upon tha
assumptions of within and between group variance and
invoelve +the conceptual manipulation and. examination of
s atistical varlance (e.g., analysis of variande,
parametric correlatien and régression technigues etc.) in
dependent wvariable Tmeasures as the zesult of sowme
controlled use of exvperimental indepandeht variable{s). In
most instances the analysis technique employed would he
goma variation or cother of factorial analysis of variance,

'However, given the reservations aexpressed in chaptex 3

concerning the use of factor analysig in ocognitive
peychelogy, it follows that some reservations must be
extended to the value and appropriateness of statistioal
technigues  used in data analysis in many of the key
inductive reasoning experiments (e.g., 8ternberg, 1977,
19787 Pellegrine and Ingram, 1977; SBternberg and Rifkin,
1979; Pelleg.ine and Glassr, 1979, 1882; Sternberg and
Nigro, 1980; Mulholland, Pellegrine and Glaser, 19B0).

In particular, the uze of small numbers of subjects in
repeated measures designz invelving large nupbers of
independent variables may result in & wviclation of the
principia_ of providing sufficient scoras within sach cell
pf the experimencal deslgn to facilitate an appreopriate
amount of variation in depéndent 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 zeliabilities were disappointing ... apparently
180 observations per subjadt were +too féw to obtain
reliable parameter estimates for individual subjectg"
(Sternberg, 1977; p.276) -

Furthermore, whereas techniques involving the multivariate

analysis of variance are highly appropriate netheds of
assessing varlance aqrbss pre 'msly decided and designed
experimental conditions, they do nof neces sarily facilitate

the more gualitative assessment of partitioming such data

sets inte groups of Individuals w'thout a priori
clagsification. This apparent shorteoming is compounded by
tha: fact that a small subjasct sample would ‘make it
extremely difficult to search for groupings, clusterings or
other patterns that wmight emerge in the experimental data
set., However, with a more sizeable data set this obstacle
could well be overcome, thereby providing additional
ingight into relationships betwesen task, store and
individual diff :rences, while at the same time avoiding the
trap of drouping iIndividuals =olely on the - basis of a
priori assunptions.

To pursue +this rather speculativa'notion further, a truly
exploratory approadh to this classification problem would
demand the relegation of classical multivariate analysis
procedures in favour of a more flexible and interpretive
cluster analytical technigue.

[

" tn conkrast to multivariate analysis procedures, in concept

at least, clustering methods are used to discuver groupings
amongst subjects' performance on cognitive tasks without
embracing unsatisfactory a priori assumptions. aldenderfer
and Blashfield (1984) haver suggested that most
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applicatidns of cluster analysir can be placed into one of
four categories, wvis: the development of typolegies for
blasaification; investigation of useful conceptual schemes

for grouping objects; hypotﬁesis generation through data

exploration; and hypothasis testing, Thus, there would
appear to be sufficient precedent in the use of cluster
analysis to justify its use in the present research
context. At +this duncture it would be appropriate to
consider certain general points' about cluster analysis
techniques in order to assmess both the strengths and
weaknesses associated with their use.

fn simple terms, a cluster analysié seeks to group objects
on the bhasls of a set of variables, or attributes of the
object. Variebles may be any type of nominal, ordinal,
interval or ratio measurement, =and a complete row of
variables is called an object's profile {Lorx, 1883). The
ocutcomes of such analyses are referred to as groups, types,
classes of clusters.

Although the strategy of cluster analysis is essentially
sluster =eeking, in practice the operation.of a clustering

algorithm is structure imposing, In thi= way olustering

technigues seek to identify groups of chbjects which are
similar +o one, another, without an a priori assumption of
their existence. The pre~classificatory natura of the
ciustering  transformation processes would appear most
advantageous 1n the context of the present research
considerations, given that typically neither the number or
nature of such groupings are known prior to the analysis.

Ironicalliy, this apparent advantage is alsc a major
weakness, since cluster methods will yleld clusters
irrespective of +the structure of the data, even if the
distributions are random (Sneath nd Sokal, 1973}. . of
major oconcern, s to establish why a g¢iven set of
clusterings emerge and furthermorsa, ta differentiate
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between those groups which are meaningful and those which
way have mersly been imposad by the clustering method.

Essentially, 3 clustering methods are relatively simple
statisticeal procedures, intended to act m&inly as data .
reduction heuristics and should thus not be viewed as a
validation ef any particular methodoloegical approach but
rather as a formal statement of relaticnships within a data
set. )

0f particular importance is to select from the range of
clustering algorithms available, one %that 18 most
appropriate for the theoretical o<dontext of the regearch
questions; an inappropriate technigue will yield
inappropriate  clusterings {Aldenderfer and Blashfield,
3584). 8ince the choice of clustering algorithm is of
prime ooncern in the context of the present research,
discussion thereof will be resumed later In this section,
as well as jin the section The Cluster Analysis Proceduras
in Chapter 5 (DPata Amalysis and Results; when considering
sone different techniques in cluster analysis.

Given then +hat a olustering technicue is essentially a
simple data wreduction heuristic for arranging objeots into
clusters on sope basis of cbserved similerity, it would be
appropriate +o consider the =xelated issues of voncept of
similarity measurement and the ooncept of transforming
differant variables within a profile that may potentially
embrace each form of data (neminal, ordinal, interval and
ratio) so that similarity might be established.

8ince the-object'prafiles to which cluster analysis will be
applied in +the present research will comprise only ratic
data, +the issue of transferming wvariables requires no
elaboration. Purther discussion of the implications of
choosing wvaxiables for the object profile will be delayed
until the sections.' Overview of Data Analysis and The

Fa I
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Cluster Analysis Procedures in Chapter & (bata Anaiysis
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
formation of clusters, with differing measures of
gsimilarity = demwanding ditfering transformation and
comparison technitues, The quantitative estimation of

similarity has been dominated by the voncept of metrics,
inveolving the representation of objects as polnts in
co~ardinate space  such  that  similarities  and
dissimilarities observed between thdése points correspond to
distance representationz betwesr them (Tversky, 1977).
Based upon an assessment of their inherént'mathemﬁtical
properties, Sneath and Sckal (3973) ‘identified four
principal measures of similarity, wvis: correlation
coefficients, distance measures, association measures and
probabilistie similarity measures. However, to date, only
correlation coefficients and distance metrics have been
widely  used in the social sciencas (aldenderfer and
Blashfield, 1984). Since both association coefficients and
prohabilistic similarity coefficients are confined +to
binary data by virtue of their mathematical properties
(Sneath and Sokal, 1973; Clifford and Stephenson, 1975),
and given the propertias of the data set planned to emerge
from +he methodological framework articulated in the
following sections of +this chapter, neither asscoiation
coafficients, probabilistie similarity ooefficients or
correlation coefficients reguire elaboration, Rather, a
brief disoussion of distance weasures and their potential
limitations is appropriate at this point.

Aldenderfar  and  Blashfield  (1984) propose that,
technically, distance neasures “are dissimilarity measures
in that objects are Judged identical 1f each one is
described by variables with the same magnitude, i.e., if
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the distance between them is zero. The nsture of distance

" measures is such that ordinarily they have no upper bounds

aw  are scale dependent, resulting in their becoming more
valuable az the wvariable reflects interval and ratie data
scores,

amongst the potential limitations of distance measures are

.the problems posed for cluster interpretation: Critically,

estimation of similarity betwean objects is significantly
affected by elevation (.he mean score of the chject avar
all the variables).  Consequently, variables with both
large size differences and large standard deviations can
effectively swamp aother variablees ™ with smaller absoluts
sizes and sztandard deviations. Moreover, distance neasures
are akso affected by transfofmation of the scale of
measurement of variables in a profile (Everit:t, 1980) and
this may require standardisation of all variables to unit
variance and means of serc before the alculation of

~ distance. However, since the objact profile to which

cluster analysis will ba applied in this =study will
comprise only ratio data, this particuwlar limitation would
be irrelevant in the context of the present research.

Given the wide range of similarity measures, each with
advantages ang: disadﬁantages, it would ke unwise to
undertake a cluster analysis without careful consideratlon
of the measurement implications inherent in the chosen
technigue (Aldenderfer and Blashfield, 1984).

Accordingly . discussion of the choice of cluster technique
appropriate to tha 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 ©Procedures .= in Chapter 5 (Pata BAnalysis and
Results).




Having thus far considered some conceptual aspects of
clustering, of similarity measures and of the szelection of
profile wvariables, it is appropriate at this Jjuncture to

" return +to +those isgies ralised earlier in this section
‘coneerning the range of clustering technicues and the

problems of cluster validation. Aldenderfer and Blashfield
(1984) = identify and discuss seven -major families of
clustering method, - vis; hierarchical aglomerative, factor
analytic, diterative partitioning, density search, clumpihg

and . graph  theoretlc. Each family represents shared
assumptions and objectives in clustering concept,
mathematical  assumptions and operation. Howaver, by

definition, these shared features do not necessarily extend
to relationships between families. Consequently, results
vielded hy 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 decisien integral
to the research need. Aldenderfer and Blashfield (1984)
reinforce the importance of this choice by their insistence
that:-

"... the ... choice of ... clustering method must be
compatible with the . desired nature of the
classification, the wvariables to he used and the
similarity measure used to estimate the resemblance
between ... (objects)? (Aldenderfer and Blashfield,
1984; p.35)

As iz the case with similarity measures, each different
clustering method presents its own advantages and

disadvantages. However, it 'is beyond the scope of this
study %o enter into a review of these features, Rather it
will suffice to acknowledge that choice of technique should
reflect the context and aspirations of the research and
accordingly, discussien of the choice of clustering method
appropriate to the present research objectives will be
deléyed until after an explanation of the presgnt research
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method and procedure, and will tharefore he returned to i..
the section The Cluster Znalysis Procednres in Chapter 5
{Data Analysis and Resilts).

. The second 1ssue reserved #For consideration was that of
validating emergent cluster solutions., As noted earlier in
this section, c¢luster analysis techniques hinge arounsd the
application ‘of cluster imposing algorithms and are
therefore mnwoxe a formal statement of'falationsnips rathex
than an indication of "meaningful" groupings. Aldenderfer
and Blashfield (1984) argue +hat most solutions te the
‘problem of Xknowing how many clusters are revealad by an
analysis are very subjective in appearance and are

+ particularly dapehdent upon both the resaaych context and

the. type of clustering maethod used, However, since the
issue of deciding the numbar of clusters is contingent upon
the clustering method used, discussion thereof will be
reserved until the method and procedure of the present
rasearch has been examined in the remainder : * this.
chapter. Accordingly this issue will be returned to in the

waobtion The Cluster Analysis Procedures in Chapter 5
{Data Analysis and Results).

Five technigques of wvalidating cluster analysis solutions
emerge from the literature (vls: tLs cophonetic correlaticn
(8okal and Rohlf, 1863), significance tests on the
variables used +o craate clusters, replication, additienal
tests outside of the clustering technique carried out on
the independent variables, and Monte Carlo (random mumber
substitution procedures), each with its associatked
advantages’ and disadvantages and, given a particular
research context each may  eithar be applicable or
completely inappropriate. ©Once again, since the choice of
appropriate wvalidation - technigue is influenced by the
‘choice of clustering method, an in depth review of
validation principles is unnecessary here. Rather, this
jssue will wreceive further ¢onsideration in tha section
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The Cluster Analysis Procedures in Chapter 5 (Data
analysls and Results).

The present section has presented a brief overview of the
concept of cluster analysis as an exploratory method for
fofming groupings in multivariate data sets. In concept
then cluster avalysis would appéar to offer a rafreshing
alternative in the investigation of cognitive inter and
intraindividval differences, 4in that +The tachnigques are
preclasgificatory and thus aveid the constraints associated
with the classical -multivariate analysis procedures
reviewsd in Part 1. Despite the practical and mathematical
uncertainties of cluster analysis It is contended that ite
use in the investigation of menta) workload influences on
cognitive +task performance could prove most insightful. An
explanation of +the aims, methodology and procedure of tha
present ressarch will take place in the remaining sections
of this chapter. '

Subjective Strategy Report

The subjective strategy report will attempt to elicit from
gubjects a braakdown of the strategies ased to solve the
different itexr typses presented in the experiment, i.e.,
begenerate, Semidegenarata and Nondegerierate forced choice
geometric analogies. The objective baing to investigate
whether a particular sclution strategy can be generalised,
or whether systematic differences exist within, as well as
between subject performance. The subjective strategy
repor+ is intended to vyield a2 partitioning of solution
strategies.

For each geometric analogy type, the associatlon between
the outcome of the subjectiva strategy report and the
outcome of the clustsr analysis procedure will be
investigated ez this will serve to establish whether the
subjective reports are in fact indicative of meaﬁind}ul
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strategic variations, i.e., whethar they serve as an

indicator of response time oluster membership.

Task Complexity Ranking

The task complexity ranking procedure will require subjaots
to rank the "four" geometric analogy types used in the
study, i.e., Degenerate, Semidegenerate (both A:a::B:B apd
A:B::rA!B variations}' and Nondegenerate,ln terms of their.

perceived. cormplexity. This prosedure will be conducted
both before and after the presentation of the total item
complement. ' fhe aim here is twofold: Pirstly, to
investigate whathar strategic -~ variations iIn - task

performance can be related to differences ln the subjects?
impressions of stirulus coniplexity and 'aacandly, to
determine whethex pextormance on forced cholce gecmetric
analogy items has an effect on the subjects!' perceptions of
item complexity.

Aims of the Present Research

Bternberg's (1977) ploneering attempt at speciinng the
information processiny components inveolved in geometrig
analogy aolutlon constitutes the basls for the emplrical
and theoretioal i=msues explored in the present study.
Howeaver, it must be emphasised that py ho means 1s the
prasent study intended to dispute the findings of
Sternberg’s {1977} research. Rather, its aims are
twofold, Pirstly, to investigate whather the componential
nodels Sternberg (1977) describes as best defining task
performance on Nondegenerate forced choice geometria
analogies are in fact as generalisable as he purports them
to be or, alternatively, whether systematio individual
differances exist within, as well as between subject
performance, " More speclfivally, whether meaningful

strategic wvarlations are apparant, and if so whethexr such
variations oould be attributed to the level of mental -
workload experienced by subjects as a result of their

. - R %1
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" exposure to the demands of the experimental tasks. Ang,
secondly, based on tha outcome of the present study,
propose  models  that bast define task performange on

'Degenerate and Semidegenarata forced dhoice geometric
analogies, in terms of petformancsa components adopted and
order of componant execution only.

Hypothesis

Increasing the ~ complexity of forced choice geomebric’

analogies, while simultaneously manipulating tha degree of

task . uncertainty, will elicit meaningful  strategic

variations on the part of subjecks in order to overcome

- assnciated increases in mental workload afid maintain a high
standard of task performance. '

Subjects

8ixty subjacts were tested; thirty one males and twenty
nine females. Subjects were all volunteers and were ail
_ drawn af randomn from the population of undarvgraduates,
postagradunates  and staff of the University of the
Witwatersrand and friends and acquaintances of the
regearcher, Most coritically, from questioning during
recrultment, it was flxmly established that no subjeot was
familiar with cognitive research methods in general or the
cognitive components approach to ewnalogical reasoning in
particular (see section Procedure later in this chapter}.

Handadness of subjects was ssscssed and recorded (see the
section Procedure later in this chapter), but was not
uned as a factor in the sampling strategy. No subject was
recorded as being ambidextrous. Three subjacts (5%} wers
recorded as belng deminantly left handed (one male; two
females). ' The  emaining fifty seéven subjects were recorded
as being dominantly right handed (thirty males; twanty
seven females).
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age of subjects was racorded to age at nearest (next-last)
kirthday. Mean age for the sample was 22.96 years (males
24.19; females 21.65}, standaxd 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
therefors to have aoguirsd the normal adult reasoning
ocapability of formal operations (Inhelder and Piaget, 1954;
Flavell, 1963) though this assumption was not the subject
of any independent assessment. No subject repo ted having
" bheen diatnosed as suffering from any form of cognitive
impairment (see the =section Provedure later in this
chapter) . For all subjects vision was confirmed as elther
normal or corrected to normal (séa the seétion Procedure
later in this chapter).

Design and Apparatns

The  experimental stimuli were sixty-six foroed cholcoe

geometrie analogles. Anolcgias were generated from six
types of common elements found in geometric analogy test
ltems: a 1line, triangle, wmircle. aross, rectangle and
squara. Bach elemeént had reqular and irregular forms and
areag and lengths of sides were varied to Ffacilitate item
conatructlon, Elemants were combined into configurations

of one, two and threa to form the terms of the analoglas.
A set of seven transformations representative of test iltem
transformations were used: ldentity (no tranaformation),
.increase .1n sisze, decreage 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

Degenerate geometric analegies}, ane, two or three
transformations were applied to the elements douprising the
terms of the  analogies, In iine with the hypotheses of

Sternberg (1977) and MNulholland et al. (1280), increasing
" the nunber of elements and transformations within items 1as
assumed to increase item complexity.
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0f the sixty-six experimental analogies, thirty (45%)
appeared in a Degenerate or Bemidegenerate form. Of these
analogies, .six appeared in the form A:d::A:D1,D2; twelve
appeared in the form A:A:1:B:DL,D2; and 'anothgr twelve
appeared in the form A:B::;A:D1,D2. For these analogies and
the thirty six Nond:generate analogies (which appeared in
the form Ai{B::C:D1,02), the correct answer option was D1
for half the items and D2 for the other half. Items were
presented in either a zero or two cue condition..

Figure 4.1 displaye items simillar +to those used in the
a¥periment. 25 in the actual items, a single vertical line
separates the first three tarms of the analogy from the two
answer options.  In the case of the experimental ltems the
geometric figures were centered on the horizontal centre
line of =each glide, and tha vertical line was drawn the
full length of each slide sc that it would not be viewed as
part of +he item. The firgt item presented in Figure 4.1
is Degenerate, the second Ssnidegenerate (of the forn
A:At:B:01,D2) the third sSemidegenerate (of the form
A:B::A:D1,D2), and the fourth Nondegenerate. It will be
noticed that the alements comprisiig the terms of the first
item have undergone szaro transformations, whereas those
comprising ecertain terms (dependinyg on analogy type) of the
second, third . and Ffourth itemz have undergone three
transformations.

The following Aparatus was used:-

A XKodak Carousel Auto Focus 8lide Proieoctor Model 850H,
The slide projector was linked to a Lafayette Instruments
Company Limited projection tachistoscope Model 41010. The
tachistoscope was 1inked@ to a Lafayette Instruments Company
Limited "Voice Response Time Control Set", which in turn
was linked to a throat microphone. The voica response tipe
contrel set was set on a single oycle and linked to a
Lafayettea Instzuments Conpany Limited wmillisecond
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clock/time/counter comparator model 54530. The clock was
set to record in milliseconds.

Each of the sixty-six experimental analaﬁies was drawn with
.black ink on white paper. _The items wers photographed
separately, produciﬁg' a single 35mm, positive transparency
for each item presented in the zero cue condition and two
35mm, positive transparencies for each item presented in
the two cue oondition (i.e., one slide of the fir-t two
" terms of the analoyy, and one slide of the whole analegy) .
In total then, ninety ninse stimlus slides wara prepared
for use ag projection stimulus material. The size of the
projected image measured 43cm horigontally and 237.5cm
vertically. - For each stimulus item the wvartical line
separating the first three terms from the two answer
optlons was lecated 5.50m to the =right of the vertical
centre line. '

Procedure

In order to escape the problems of repatitive use of a
small number of highly trained, hypothasls suphisticated
subjects and teo facilitate the application of robust
explbration cluztering <techniques, a large sample (60) of
nailve subjects ryere recruitid and tested. Bubjects wvere
approached indivigually and asked if they would ecare to
participate in some cognitive psychology research.

In order to avoid the use of hypothesis sophisticated
subjects (see¢ the section Subjective Influences on
Cognitive Task Performance earlier in this chapter) each
participating individual was quastioned as to the extent of
their awareness of inductive reasoning, cognitive
components theory and mental workload Aiszshes. Anyane
showing even the élightast undarstanding was excluded £rom
further stages of the ressaxrch, '



The experiment was conducted in a quiet laboratory cukiole
set aside for that purpose. Rach subject was tasted
Andividuaily, . with - dnl& the researchar present to
administer and oconduct the research ackivity.

Bubjeots werae firstly put at ease through general
convarsation, in no way related to the specific research to

be déhe.' Those subjects who raised the issue, were
informed +hat +he research was neither a competition or a
“personal test. When subjects cgonfirmed that they were

relaxéd and paysically comfortable the experimental
 procedure was initiated. '

Subjects were asked to state their age at the nearest
(next~last} birthday and this was recorded for conflrmation .
of adulthood only (=ee the sectieon subjabts earlier in
this chapter). Gender was also recorded on the basis of
prima facie evidence. Handedness was assessed by asking
subjecte +to rate themselves as either dominantly 2left
handed, dominantly zright handed, or ambidextrous. No
subject reported being ambidextrous. '

Age, handedness and dender, though regorded, played no
further part in the experimentsl procedure, but were noted
with a view to any post hoo analysis need that might ovour.

gBubjects were then asked wihether as far as they knew they
had baeh c¢linteoally diagnosed as suffering any deficit or
disorder of gpatial ability. o subjects reported any
known problem. :

Bubjects wers then asked whetlier their vision was normal or
corrected to normal, with contact-iensas, spectaclies, etq.
Such ailds wers ailowed to be worn for the experimental
trials. all subjeats conformed to & loose expectation of
normal vision. '
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Subjects were then introduced to analogy problems. It was
emphasised that the aim of the present research was to
investigate task performandé on analogy problems such as
those fcand on psychometric tests. It was explained that
analegy problems were used to assess the primaxy mental
ability Xknown as'induction,'whiuh rafers to the'capacity tao
ganeralise from specific experiences and to form new more
. abstract concepts. ' ' '

Using a simple Nondegenerate verbal analogy as an example,
the basic format of analegy problems was then explained,
Cuntil it was reported by subjects that they understood the
_hature of the task. Subjests were then informed that what
they had just beenIShown was a verbal amalagy, and that the
prasent study' involved the solutish of geometric analogies
which in contrast to verkal analegies comprised geomatric
shapes rather than words. 'The basic components comprising
a geometric analogy were then explained using as arn example
a simple forced choice Nondegenerate geometric analogy
similar to those used in the experimental trials, Here,
subjects were told that all of the experimental analogies
would comprisa a flrst, second and third term, and two
answer options, the Zfirst option belng labelled A angd the
second option B. It was pointed out that each of the terms
as well as the. two answer options would vomprise a certain
number of geometric shapes, referred to as elements.

Subjects = were informed that the mnuwmber of -elements
comprising each of the terms making up the experimental
analogies would vary, but that the number of elements per
term in a single analogy would remain constant. It was
then pointed out that the elements comprising the terms of
the experimental analogies could underge transformations in
shape, size and orientation, but that the terms in which
glements would Ye $ransformed would depend on geometric
analogy type. '



At this point the "four" types of forced choine geometric
analogy used in the experiment were Iidentified, using
. 8inple examples of each type. The basic format of each
type was then explained in detail. Particular care was
taken +to ensure that subjects understood the basiz format
of each geometric analogy tyvpe, and could successfully
differentiate between the types. '

Subjects were then told that experimental analogles would
be presented in one of +two conditions. Simple forced
choice geometric analogies similar to the experimental
analogies were used to illuatrata_ the two presentation
conditions. Tt was explained that “in the first condition,
identified as= the zero cue condition, the entire analogy
{i.e., only one stimalus slide) would be preSantei. In the
gecond condition, Jdentified ag the two cue condition, it
was explained that twe stimll would be presantéd.. The
flrst stimulus would comprise only the first and second
terms of the analegy, whereas +the sacoﬁd stimulus would
comprise the first and second terms {as presented in the
first stimulus), as well as the remainder of the analogy.
once again particemlar care wds taken +to ensure that
subjects could identify and differentiate between the two
conditions of item presentation.

fabjects were then presented with one example of each of
the forced choice geometric analogy types, each example
being smimilar to the experimental items. The Deganerate

example comprised thres elements, whereas the
Semidegenerate and Nondegenerate examplés each comprised
three elements and three transformations. Having
considered each of the eaxamples, paying particular
attention  teo the component elements and the

transformations, subjects were asked to rank the four
analogies in order of complexity; a ranKing of 1 was given
to the least complex and 4 for the most complax, This




ranking was recorded. Subjects were not asked to explain
the basis of their :ankinq qudgements.

The apparatus was then explained; how the slide projector
and  projection  tachistoscope were  linked, how item

presentation . .would be controllad, how the voice key and

timer were linked, ste. The throat mlcruphone was then
fitted and galn/sensltiv1ty controls adjustad :

The operation of the throat microphore was then explained
and eubjects were warned against swallowing or making
- unwanted vocal nolses during the duration of the
experimental  trials. Subjects readily understood and
accepted these explanations.

The experimental task was then explained. Subjects were
informed that -onte they had indicated their readiness to
bagin the experiment thae experimenter would initiate the
presentation of +the analogies. The subjects' task was 4o
solve the projected analogies as guickly as possible while
at the same time trying to maintain a high standard of
acouracy.

In he case of an analogy appearing in +the =zeroc cue
ce _tion, subjects were instruoted to solve the analogy
a. . give the verbhal response "A" if the first answer option

was considered correct, or alternatively the verbal
respongse "B"® 1f the sacond answer option was considered
correct. In the case of an analogy beilng prasented in the

twe cua condition, subjects were instructed to resgond as’

followas upon presentation of the initial stimulus
comprising the first two terms of the analegy, the taskX was
to examine +the two terms and establish the relationship
between them, vis; were they .identical, or were they
‘aifferent, and 1f so to identify the transformations. Once
this was accomplished the subjects were told to give the
verbal response "go'. This would,immediately result in the
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second stimwlus appearing (comprising the whole analogy),
the +task .ere being to solve the analogy with the aid of
the information gained from the previcus stimulus, and give
the wverbal response “A" or "B" depending on which answer
option was considered correct.

Tt should be noticed that this form of verbal regponse
producés mninor Dut consistent Rifferences between "AM. and

" 1 responses. Despite thils measurement inacmiracy the
method is widely used in experimental psychclogy and has
distinct advantages over button press (Mulholland et al.,
1980} and footpedal (Stermbery, 1977) responses, whioh

through their dependence upon diffefent .patial positioning
aof the ' responga keys/footpedal, often involve added
complexity in combining ‘verbal modes of input-output and

the  uncertain relationship between spatial and mnotox
representation {(te Doux, Wilson and Gazzaniga, 1977)
together with the problem of mnotoxr output differences
cauged by hand/foot dominance. These are; of course,
entirely unwanted and in the present context the exclugion
of their contaminating influence is considered more
gritical than the known nmeasurement inaccuracy of the vaice
xey.

The subjects'! +azk was the. defined as to asolve the
projected analogy énd respond as fast as possible and as
aceuratea as possible. Each verbal response activated the
voice Xkey and stopped the timer. The response time (in
milliseconds) was recorded by the experimenter. The slide
was then replaced by the next in the series and the process
was repeated ' '

subjects wsre then glven a small number of pilot trials on
analogies not wused in the experimental trials, consisting
of items representlng each of the "foux! types of analogy,
in both zero and two cue vonditions. Por hoth pilot trials
and experimental trials, subjects were seated S0cm from a

»
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blank white wall on to which items were raér projected, at
the subjects? seated eva level. Response times for pilet
trials were not recorded. PFollowing these pllot trials a
short break was allowed whilst the experimental apparatus

was checked. Experimental +trials were confined to one

¢~sgion of ninety nine stimulus slides (sixty-six forced
chuice geometric analogy items), which were re-randomised
for each subject, The -elapsed time between a subject's
rasponge +to one item and the appearince of the next item

was approximately 5 sesonds. E rest pericd was given
" during the change of the 80-item slide carousel.

After all experimental trials had Heen completed, subjects

. wers asked +to repeat the ranking of complexity of the same

four examples presented prior to the experimental trials.
Thesae rankings were recorded on the =ame basis as the
pre—experimental rankings described eariier in this
section.

Finally, subjects were asked whether they had developed any
conscious strategy for handling the different types of
forced choice geometriec analogies  included in the
experimental +triala. All subjects reported that they had.
Subjects were then presented with two examples of each of
the gecmetric analogy types inecluded in the experimental
trials {as they would have appeared in the zero cue

condition) . The firet Dagenerate example comprised cne
element throughout, and +the second exumple three elements
throughout. In the case of the Semidegenerate and

Hondegenerate examples, one example comprised one element
per term with one transformation, whereas the other example
comprised three elements per term with  threa
transformation. Bach of the eight examples presented had

- peen included in the experimental trials.

Tt was explained to subjects that what was required of them
here, was to give a step by step account of the solution

1
.
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strategy. they bad adopted for experimental triale similar
to each of the aight examples, paying particular attention
to which of the terms had been compared and the order in
which this had taken place. Following this, wily for the
Ncndegeneraté . example ocomprising three elements and three
transformations, subjects were guestioned as to whether the
elements comprising the terms had been compared
individually, or &s a whole. Then, for each of the eight-
exanples subjects were asked to identify which of ths
analogy +terms they had compured with the two anawer optians
before responding. Again, only for tha Nondegenerate
example . comprising three ~ elements and three
transformations, subjects were required to identify whether
eiements 'aomprising the  term{s} had been compared
inéividnally, or as a whole with the elements comprising
the two answer options. Finally, subjects were questioned
as to whether +the answer opticns had been considered
simultaneously, or one at a time. Each of the reported
strategiea was ryecorded and coded by the experimenter.
This ocompleted the experimental interaction. sSubjects were
thanked for their participation in the experiment.

Total +time for the complete experimental interaction varied
from subject to =ubject, taking between approximately 25
ninutes and 4% minutes.

The Nature of the Data Yielded

Excluding +the details of age, gender, handedness and
subjective strategy indicator code classifications, twa
data sats emerge. '

The first, subsidiary, set relates to the scores for
subjective complexity ranking of the experimental stimulus
analogies on a pre and post experiment basis. There were
no missing values. R
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The sécond, and wmajor, set consisted exclusively of
response times, recorded in milliseconds, and encompassed
subjects' performances across oconditions made up of the
variabies of number of elements, number of transformations,
cue condition, and analogy type, to form a classical 3 x 3

‘% 2 x 4 multivariate matrix (Bdwards, 196CG). There were no

missing values,
Chapter Summary
This chapter had drawn together the major points to emerge

from the discussion in Part I of the cencepts of inductive
reasoning, individual differences and mnental workload.

 Moreover, it has outlined a reseaxch procedura %o

investigate more appropriately these relationships whilst
seeking to expose the influence of experimental demand
characteristics and subjective interpretation thereof upan
the data:

The intentien is to use a sequence of dezta analysis
technigues on the two data sets yielded to investigate the
following issues: The effects of the role of subjective
stimulus ocomplexity, 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 exposed by other
forms of variance analysis.

Data reduction and analysis will be discussed in more
detall in Chapter 5 (Data Analysis and Results).



CHAPTER 5
DATA ANALYSIS AND RESULTS -

Overview to Data Analysis

The  research procedure outlined in Chapter 4 ylelded two
main data sets, together with the recorded details of
subjects' age,. gender, handedness and subjective strategy
_indidator. codas. Applying a sequencge of sultable data
analysis techniques to these combifed data will facilitate
the investigation of 2 number of interrelated issues.
However,  since Yfour® +types of foroced choice geometric
analogy were included in the experimental +rials, each
varving significantly in format and demand characteristics,
for purposes of data analysis each analogy type will be
conglidared se, ¥

It was emphasised in +the s=ectlon Procedure in Chapter 4
that the main experimental +task reguired esch subject to
solve gixty-six  foroced choice geometric analogies
incorporating the  independent wvariables of number of
elements per term, number of transformations between terms,
cue condition and analogy type. However, since for
purposes of data analysis performance on each andlogy type
will " be considered 'separately, the original. data set
comprising subjects' response times will ba subdivided into
four separate data sets, sach comprising response times for
a particular analogy type, +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 issues, it will e relevant to discuss the

treatwment of data sets in the oxder of the issues to be
consldered,




‘The first disesue to consider is the performance of the
experimental +task per se. The Dagenerate analogies
included 31 the experimental trials incorporated the
independent variables of nuwber of élemants per term and
cue condition. The number of elements ranged from one to
three and the ocue condition was restricted to either zero
or *wo, ‘thus yielding a 3 x 2 factorlal design. Both
Semidegenerate geometric analogy +types incorporated tha
independent wvariahles of number of elements per ternm.
number of transformations between terms and cue condition.
Here the number off elaments ranged from one to three, the
number of +transformations was limitzd to one or three,
while the cue condition was restficted 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
incorpozrated the iIndependent variables of number of
elements per term, aumber of transformations between tarms
and cue c¢ondition. Here, both the number of elements and
number of transformations ranged from one to three, while
the cus condition was either zero or two. This preduced a
3 x 3 x 2 factorial design.

_The. variables of number of elementa per term and number of
transfornations , between terms have been an integral part of
pravious resenh into  the ogeometric analogy task (e.qg.,
Sternberg, 19° 1978; Mulholland et al., 1980: Pellegrino
and Glaser, 1980), however, only Sternberyg (1977} has
consldered the wvariabla of cue condltion. The variable of
analegy +type has not previously been ¢ -asidered. The
forced cholce geometric analogy task typlcally involves
establishing the velationship between the first and second
terms of the analogy, and then using that information to
complete the secquence by means of identifying an aralogous
relationship between the third term and one of the two
answer options. Deductive analyses similar to those
standardly reported 1n geometric analogy experiments will
be performed on these data. '
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' Howevar, performing a separate analysiz on the data set
pertaining to each of the "four" analogy types, together
with the large pumber of subjects tested (relabive to-
previous geometric analogy experiments) should facilitate
further analysis of the extent of strategy variation on an
Intraindividual basis in a way net previously'investigated..

an explanation of the statistical analysis involved iIn
examining +the issue of experimental task performance,
togethar wlth summary tables of cohsequent data, is set .out
in the pection The Main Experiment later in this chapter.

The second issue to be addressed is that of stimuius
v complexity. The eaffact of stimulus complexity on task

performance has heeén widely discussed in previous

invastigations of geometric analogy solution (e.g., Evans,

1968; sSternberg, 1977; Mulholland et al., 1980), howaver,
} ther. is as yet nc agreed upon measure of item complexity.
- From +he fpoints raised in the section Subjective
Influences on Coghitive Task Performance in Chapter 4,
there 18 good reasen to belleve that gimple measures, such
as number of slements, and number of transformations, wiil
not necessarily determine item complexity.

Taking such problems into consideration, the present method
: fox assessing the effect of stimelus  complexity
P concantxates on the lavel of supjective assessment. By

taking =subjective rank order assessments of stimulus

complexity »hoth before amnd after the presentation of the

full dtenm ocomplement 1t is Intended to establish whether

axposure to, and performance on the experimental trials had
_ an eaeffect on subjeots’ parceptions of stimnlus complexity.
: These findings will be incorperated into the analysis of
the resessrch steps to follow. :

an explanatlon of +the statistical analyse. invelved in
examining the stimulus complexity issue, together with the
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sumpary <tTables of the oonseguent data, is. sat out in the
section Stimdlus Complexity and the Experimental Task
later on in this chapter. :

The +third issue +o consider is the extent to which the
demand characteristics of each of the "four" geometrio
analogy types influences the particular solution strategy
adopted by subjects. It is intended to establish for each
analogy type vhether a particular selution strategy ocan he.
generalised, or whether aystematic differences exist
within, as well as between suhject_parformance.

an explanation of the statistical analysis involved in
examining thé -dinfluence of task demand characteristics on
task solution strategy, together with the summary tables of
the conseguent data, is set out in the section Solution
Strategy and the Experimental fTask later ot in this
chapter.

The fourth and £final issue to bhe oconsidersd iz tha extent
' to which appropriste oclustering techniques oan provide
insight into the nature of the forced choice geometric
analogy processing differencaes emerging 1In the main
experimental +task. To examine this isstue more Ffully, an
appropriate -clustering algorithm will be applied to the
reactlion time data emerging from the experimental triala,
Partioular care will be taken to gnsure that the selection
and application of the ¢lustering technique, as well as the
interpretation and wvalidation of any cluster solution are
consistaent with the theoretical and methodological context
of the prasent research.

An  explanation and justification of the statistical

analysis . involved in examining the olustering issue,

together with the emergent data, are presented in the
section The Clustex Analysis Provedures later in this

chaptar. : . N
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Finally, it will ke the chosen sityle of this thesis to
present. the results of each data analysie in the form of
tables only.. Graphs have been excluded specifically to

‘avoid the tendency to discuss results in terms of reaction

tine slopes, number of transformations betweén terms,
intercepts, etc., as iz typically the case in geometric
analogy research. As discussed in the section Individual

'Differences and Cluster Analysis 4in Chapter 4, it is the
_fundamantal ratidnale of this present research that stch
“terms predispose interpretation of results and, moreovar, -
“that +the concepts of varlance and invariance alone provide
" the proper context for discussion,

The Main Bxperiment

This =section iz cohcernad with the analysis of tha four
separate data sets creatad by the subdivision of the major
data set emerging from the experimental procadure and the
effects of the independent variables in the design of the
experimental structure. it will be recalled from the
previous section Overview to Data Analysis that each of
the four data sete was tha product of a separate factorial
design, Bach subject was tested under each of the
sixty-six experimental conditions (incorporating iltems from
each of the r "four! analogy types} with order of
presentation being re-randomised for each subject. Data
yielded is in the form ,of decision reaction times to
determine which of two simultanecusly presented answer
options successfully completes a Fforced choice geometric
analogy item. S :

Tables 6:1la - §5.1d show mean reactlon times and standarg
deviations for task pserformance on each of the " Pourh
geometric analugy types. Interpretation of the statistics
in Tables 5.ia ~ 5.1d will be returned to in the section
gtimnlus Complexity and Task Performange in Chapter 6
(Dizcusglany , ’ :




" GONDITIONS, NEAHS AND STAMDARD ORVIATYGRS (in Williseconds)

CUE CONDITION MIRSER OF ELEXENTS NEAN RESPOHSE TIME STANDARD DEVTATIOHS
: (SOLUTION TIME) ' .

1 : 1735 .52 575,34

ERD R T 1961.57 TRTE

3 249503 , 753,97

N _ 1 _ 1302.53 500.85
T 2 _1510.88 ;s

' B 3 1775.35 807,27

T4BLE 5.1a CORDIVIONS, HEAKS AND STANDARD DEVIATIONS FOR THE FACTORIAL  SPCNSE TINE DATA

SET  RELEVART T0 DEGEHERAYE FORCED CHOICE GEOWETRIC AWALOEY IVERS,

v 18D




;: GONDITIONS, XEANS AND STANDAAT DEYIATIONS {ia Millisacands)
[N
:
" ebg NUNBER OF . KDHBER OF - _ HEAE RESPONSS STAKBARD
: CONDITIOR ELENEHTS TRANSFORKATTONS ' TIRE DEVIATIORS
: : (sOLUTION TIRE}
T 1 2146.27 563.97
1 3 2911.65 §34.37
ZERD 2 i 2525.47 891.86
2 "3 , 340,75 ' 1367.50
. 3 1 205587 509,46
i 3 3 AETAD . kS0
1 1 1817.85 551.08
1 ‘3 168517 - P45.02
: ™D 2 * 1795.98 725.8¢
2 3 2346.98 1121.05
3 1 2030.30 853.47
3 3 2718.55 1250.92

TABLE 5.1 CONDIYIONS, XEANS AND STANDARD OEVIATIONS FOR THE ~'CTORIAL RESPONSE JIME DATA
SET RMELEVANT TG SEWICEGEWERATE (A:A::B:B} FORGEQD CHGICE GEONETRIC * (ALOGY
ITEHS. :




CONDITIONS, KEANS AHD STANDARD DEVIATIONS (in illisesomdal

SRR e e -
i Sl
. Tl .

BIE NURBER OF NUNBER OF REAN  RESPORSE

STAHDARD

GOROITION  ELEAEHTS TRANSFORNATIONS TINE DEVIATIONS
: : (SOLUTION TIKE)

1 1 2797.22 $59,06

1 3 3374.25 996..90

ZEAD 7 . 1 3110.57 B9B.86
2 3 424,95 2391.29

3 1 3773.43 1399.54

1 3 5440.83  1605.67

1 1 1955.82 780.06

1 3 2360.23 25452

T*a 2 1 241,80 780,70
2 3 2533.95 1061,70

3 1 2798.73 918.32

3 3 3922.90 1183.89

TABLE 5.1c  COMDITIONS, KEANS AHD STANDAAD DEVIATIONS FOR THE FACTORIAL RESPONSE TIME DATA
SET RELEVANT TO SEXEDEGENERATE [.\';:B::Axﬂ} FORCED CHOICE GEDHETRIC AHALOGY

TTEKS.
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' CONDITIONS, KEARS AND STANOARD DEVIATIONS . {in Williseaonds)
| e HURBER - OF HUKGER OF HEAR  RESPOKSE STANDARD
CONRITION ELENENTS TRAHIFORKATIONS _ TINE DEVIATIONS
. _{soLUTION YINE}

L 1 W2 4G 1130. 7

1 2 w282 £210,40

1 E] 5215.08 1612.18

2 1 4030.97 1149.88

IERD I 2 5801.05 147817
2 3 7265.58 - - 2105.2L

3 1 5059.9% xagmi

3 z . ey 2218.20 -

. 3 3 840723 2335.85
t 1 2241.23 97695

1 2 2780.32 - 1033.46

i 3 3665.94 1073.50

_ 2 1 204084 90954
™0 2 2 4556.18 -1066.53

2 3 473324 s62.3

3 1 3407.86 1197.63

3 . 2 4359.35 1469.57

3 3 5346.80 1512.55

TABLE 5.10 COKDITIOHS, KEAKS A4D STAHCAAD DEYIATIOKS FOR THE FACTORIAL RESPONSE TINE
DATA SET HEI:E\MHT 70 HORDERENERATE FORCED CHOYICE BEONETRIC AMALOGY ITEHWS.
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Since fthe reaction time data yielded in this experiment is
assumad to be ratio data of normal distwibution, it will be
analysed by means of parametrical statistical progedures.

Bach of +he four data sets created by the subdivision of
.the major data set thus represents the results of a classic

factorial repeated measures design with each subject being
rag&rdad 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 - 4reatment
effects, which are apt +to be slight; as in reaction time

 research (Sternbery, 1966, 1969} Posner, 1978),

. wables 5.2a - 5.2d4 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 tha
source of variation, the sum of aquaras,_ﬁhe degrees of
freedom,  the mean squara, sourge of erxoY, F statiétio, and
corresponding probability level for each main effect and
each dinteraction effect. A main effect represents a
comparison between the wmeans for each level of a given
variable (e.g., A) averaged over tha levels of each other
variable (e.g., B; ¢, D). The interaction effect indicates
the extent +to which the difference between the means for
each level of one varxiable {e.g., Al - A3) measured at one
level of an influencing varlable (e.g., Bi} will differ
from +the difference between the means for -each level of the
same varisble (e.g., Al ~ 23) at subsequenk levels of ths
same variable {e.g., B2, B3, B4, etc.).

A. non significant interaotion suggests that the effects of
the g£irst wvariabie (e.g., A) ara independent of other
influencing variables (e.g., B), A significant
interaction, however, would suggest that the affects of the
first variables {e.gq,, A) ara not the same for the

differing levels of the influencihg variables {(e.g., B).

+
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In 'Pables 5.2a - 5.24 significance levels of p<=.08(%),
P<=.01(*%), p<=.001(%%%) and p<.000L{¥**%**) are indicated.
Interpretation of the statistlios in these tables wiil be
returned to. jin Chapter & (Disoussiofn).

Data assessment was performed by use of the general linsar
model  (GLM) repeated mezsures procedure of the 8asS
statistical computation package (SAS Institute, 1985).
This progedure makes available the option to conduct single
degree of freedom oontrasts for Ffactors parameterised in
the REPEATED statement. The CONTRAST option generates:
contrasts between levels of a factor and a referant level,
whilst a further option, PROFILE, generateé contrasts
between adjacent levels of the Factor, thus facilitating
post hoc examination of bebtween level differencea {8as
Institute, 1985).

Tables 5.3a -~ 5.3d show the results of fundamental single
dagree of freedom contrasts for key relationships within
the factorial designs of the four response time data sets.
The tables show +the sourcr of variétian, sum of squares,
degrees of freedom, the mean square, ¥ statistic and
currespnnding probability level for each contrast.

In Tablez 5.3a - 5.3d significance lav."s of pe=.05(%),
P<=.01{%*), p<=,001(**4*) and pP<=.0001(**+%) are indicated,
Interpretation of the statistios in these tables will be
returned to in the section, Stimuius Complexity and Task
Performance in Chapter & (Discussion).

Stimulus Complexity and the Experimental Task
As mentioned previously 4in %his chapter in the section
overview to Data Analysis, ‘the present methed for

assesging the effect of gtimulus'ccmplaxity dgangentrates on
the level of subjective assessment.
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AHOYA SUMNAARY TABLE FAR DEEEHERATE GEOMETRIC ANALDGY DATA SET

KEY; CYE  COE CONDITION (200 ve TNG) (A - 2)
ELEHENT = RUKBER OF ELEHENTS PER TERN {K ~ 3)

LEYELS OF SIGHIFICANGE; p <= .05%; p <= .OL%%;
p <o JDDLERE; b oou DOGLHH

SOURCE OF YARIANCE  SUM OF SQUARES  dF NEAN SQUARES F VALNE ]
ClE . ’ 25136517.02 1 15138517.02 305,62 0.0007 %>+
ERAGA 4852561 .47 5% 8224680
ELEHERT ?3576512,82 2 11839255.,41 221,70 0,008 w*
£RACA 5301055.17 144 §3398.77 '
GUE * ELEMENT 1649731.20 H Bﬂ}‘rﬂ&ﬁ.ﬁﬂ 20.42 0.000 %%+

ERRDR £767110.%0 1139 40399,24

TABLE 5.2a ANDVA SUXMARY FOR OEEEMERATE SEONETRIC ANALDSY RESPOMSE TIXE DAYA SET.
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ANOYA Si.lllﬂ.'lR'f TABLE FOR SENIDEGENERATE {A:Az:Bi8) GEONETRIC ANALOBY DATA SET

KEY: CUE = CUE CONDTTTGN {ZERG vs THO) (N = 2}
ELEMENT = NUMBER OF ELENERTS PER TERK (K « 3)
TRANS = NURBER OF TRANGFORMATIONS BETWEENW TERNS (W « 2)

LEVELS OF SIGNIFICANDE: p <= .05% p an .01%%; p w= .001%%%;
p <= OOGLEEER

SOURCE OF VARTAWCE SUM DF SQUARES  df  NEAW SQUARES  F VALUE ?
GUE £17783120.15 1 11778312016 341,80 0000150
ERROR 2033134974 59 344590, 14" '
© ELEHENT | 72318432,95. 0 2 I157216,68  115.80 0001 rree
ERROR 35501727.86 118 30933657
A 6829520616 i 88205304.16  105.12 0.0001%xx#
ERROR ° 38332371.08 59 649701,20
CUE % ELEMENT  1805639.03 2 702819, 96 4,95 0.0002%%+
ERRGR pI08373.89 118 786452
CUE * TRARS 1098320, 23 t 1088320.33  11.8) 00011 %
ERROR 5485808.81 59 92479.81
ELENERT * [RANS I345H42,90 2 167272115  17.47 0.000 %2k
ERROR 11298460.19 118 95749, 66
CUE * ELEHERT * TAWS 238397.16 2 119695.55  1.73 9,152
EAROR B181825.39  11B §9337.51

TABLE 5.2h AHGVA SUNMARY FOR SEMIDEGENEAATE (AcA::B:B) GEDMETRIC AHALOGY RESPONSE YIME
DATA SET. '
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- ANOVA SUMMARY TABLE FOR SENIDEGEMERATE (A:B::A:B) GEOMETRIC AKALOEY OATA SET

KEY: CUE « CUE CONOITION {2ERD wi THO) [N = 2)
ELEMENT = NUNBEA OF ELZNENYS PER JERK (¥ - 3) )
" TRANS =NUNBER OF TRANSFORNATIONS BETWEEN TERHS {4 -2}

LEVELS OF SIGRIFICANCE: p <« J05%; p <= 0184}
: D <= JQ0UEEE P Ca pOOLEER

SOURCE OF VARTANCE SUM OF SQUARES  dF  REAW SQUARES  F VALUE P

EUE 151349933.16 I 15130033.06  300.53 0,001 #4
£AROR 20702694,58 59 50342889 :

ELERERT 20549119671 7 102745598.35 234,35 0,001 #%e
ERROR 51732068.61 118 53841498

TRANS 19376736401 U 19378736401 263.62 0.0001#5##
ERRDR 433712013 59 735103.88

CUE ¥ ELEHENT 10075402, 76 2 5037701, 30 22,21 2,000 1%k
EARGR 2I6EL1G.25 18 226834.03

CUE * TRARS 1415563.95 1 141556336 7,28 0.,0082%«
ERAOR 11515589,04 59 1951747

ELERENT * TRANS 19522315 .60 2 9811158,30 41,58 0,000 %6
ERROR 27845411,29 114 235078,D¢

CUE * ELENENT % TRANS  2974163.96 2 1687081 ,98 10.46 0.0001%%+
EAROR

16#79546., 36 118 142200,39

TABLE 5.2c AHOVA SENMAHY FOR SENIDEGENERATE, (A:B:rA:B} GEQMETRIC ANALOGY RESPOMSE TIME

DATA SET.
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' © ANOVA SUMRARY TABLE FOR KOMDEGEWERATE GEOHETRIC ANALOGY DATA SET
_ KEY; TUE = SUE CONDITION (2ERD ve THO) (N = 23
ELEMERT = HUHGER OF ELENENTS PER TEAN (4 = 3)

TRANS » HUNBER OF FRANSFORHATIONS ‘BETHEEN TERMS (H = 3)

LEVELS OF SIGHIFICANCE; p < .0S%; p <= .01¥%;
' P o= JDGIRRE b u 00OLTERE

SQURCE OF YARIANCE % OF SQUARES df HEAH SQUARES F YALUE p.

CUE 2092925369 94 . 1 2097925360 54 539.73 0.00015%4%
v ERROR 225657850.47 54 3876055.28 :

ELEHENT 14650952692 2 73ZSAM3AE 31206 D DpOywkex

ERROR : 275887885.18 118 2150519.27

TRANS 180845015832 7 004Z25479.18 420,47 0,0001#wex

EAROR 253761156.95 18 . 2150518.27

CUE * ELENENT 101830659.80 2 5001544994 % .58 00001 %%*%

ERROA 80561353. 11 118 6B2723.13

CUE * TRAKS 132734241.57 2 66357120,.58 7.z 0.0001*xk*

ERRQA 101541278.52 118 860519.3¢

ELEHENT % TRARS 10868528, 78 L} 18957382.19 22.67 0.000] %%

ERAOR 2070834235.43 236 880653.51

CUE ¥ ELEHENT '

% TRANS : . 2651584248 b §603960.62 13.94 0.000 ] #%*

ERROR 11681 7558.85 2348 494,989,723

TABLE 5.24 AMOVA SUNMARY FOR NONDEGEWERATE GEQMETRIC ANALOGY RESPOMSE TIHE DATA SET.

E¥: 1)
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REY;: CLE « CUE COMCITIOR (ZERG vs THO) f(H « 2}
ELEHEKT = NUHBER OF ELEHEHTS PER YERN {1 ~3)

LEYELS OF SIGNIFICANCE; p <= .05%; p «w 0L

p <= .001%%; g QOOLRERY

.ANOVJ\ GOMTRAST SUHHM_W TASLE FOR DEBENERATE GEOMETRIC ANALOSY DATA SET

SUX OF SQUARES

COHNTRAST df AEAH SQUARES F YALLE p'

LCUE 1 v CUE. 2 150819142.15 1 15031!1‘.3?.15 305.62 0,000 [ e
IAROR 29115368.85 58 93480, 02 )
ELENENT 1 vs

.| ELEMERT 2 12274557.40 1 12274517.50 B3,90 D, DODE %

ERROR 8631478.60 59 146208, 24

[ BLenenT 1 vs _ : : . _ _
ELEHENT 3 92439611.26 1 9243951L,25 281.02 0.000] +xk
ERRGR 19407748,73 59 32844499
ELERENT 2 vs .
ELEHENT 3 ) 375948, 26 1 7344548, 26 2?25.59 0.000] =%+
tRROR 9767103.73 15654%,13

"TABLE 5.3a ANOVA COXTRASTS FOR THE DEGERERATE FACTORIAL RESPDNSE TIKE DATA SET.
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KEY; CUE = CUE CONOITION (ZERO ve THO} (W = 2}

ELEHENT = WUKBER OF ELEMENTS PER TERK (N » 3) -

AN 4 CONTRAST SUNKARY YABLE FOR SERIDEGEKERATE {A:Az:8:D) GEORETRIC ANALOGY DATA SET

TRANS ~ HUMBER OF TRAXSFORMATIONS BETWEER TEAMS [k = 2}

LEVELS OF STGNIFICANCE; § < .05%; p <= .01%¥;
p e 001%% o 2x 0001

SUM OF SQUARES

CONTRAST df . MEAN SQUARES F VALUE £

GUE | s CUE 2 1413307442,01 1 14133874420t . 341.BO 0.0001 W
ERROR 243976195, 94 59 h135189.77 :
ELEMERT % vs

ELEKERT 2 143267853.75 1 14326785375 51.76 0. 001 %
ERAOR 15324 58538,25 59 2755024 ,1%

ELEKERT 1 vs . _

ELEHENT 3 578511151.‘05 1 578511181 ,06 159.484 0. 01 #H*
ERROR 200965808.93 o8 J405246, 15

ELEHERT 2 vs :

ELEKEKT 3 145995160, BL 1 145084160,81 116.71 0,000] e
ERAQR 738063086.19 59 1250955,68

TRAKS 1 vs :

TRARS 2 81854 3650.01 i 81955 3550,71 195,12 G. 000100
ERRQR 459388452, 98 59 TT964 14,45

TABLE 5.3b ANOVA CORTRASTS FOR THE SEXTGEGENERATE {A:A::B:B_} FACTORTAL RESPONSE TIME

DATA SET.

i
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AHOYA CONTRAST SUMMARY TABLE FOR SEMIDEEENERATE (h:B::A;B) GEONETRIC ANALOGY GATA SET

KEY: CUE ~ CUE CONPITION {ZERO vs T46) (N » 2)
ELEWENT - WUKBEM OF ELEMERTS PER TERH (N « 3)
TRANS =~ HUHBER OF TRANSFDRBATIONS BETHEEN TERMS (W = 2}

| LEVELS OF SIGHIFICANUE; p <w .05%; P <= .O1W¥;

p <= 001 P o<a Q0DLWRR

COHTRAST

HEAN SQUARES 'F YVALUE

SUH OF SQUARES p
ONE 1 vs CUE 2 18)6309388.D) 1 1BIGL83188.01 0063 0.0001%ee
ERROR 1GA34734.96 59 604426589 -
LELERERT 1 vs
ELEKERT 2 413043843.75 1 413063843, 75 244,82 0,000
ERROR 11340067,25 58 1922713.06
ECENENT 1 va ) .
ELEVERT 3 1643026032.91 1 164382§132.81 21,53 0.0001%
£RROR 311336566.18 59 5275890.95
| eLenenT 2 we _
ELEHEAT 3 402024384.05 1 408926304 .06 12:.08  0,000(%eer
ERROR 196016999,80  §9 3322358, 76
LIRS 1 vs .
TRAS 2 2375668368.15 | 2325440358.15 263.62  0.0001EE
ERROR 520459556.35 59 BB21245.72

TASLE 5.3c CAHOVA COMTRASTS FOR THE SEMIDEGEMEAATE (A:Brrh:B) FACTORIAL RESPONSE TIKE
DATA SET.
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AHOVA CONTRASY SUMMARY TASLE FOR MONDEGENERATE GEQMETRIC ARALOAY. DATA SEY

KEY{ CUE « CYE GONCITION {ZEAD vs THO) (W « 2)

ELENENT = WUNBER OF ELENENTS PER TERK {4« 3}

TRARS = HUHBER OF TRANSFOAKATIONS BETWEER TERKS [H - )

LEYELS OF SIGNIFICAHGE; p <w 05%; p <= .0L#%

p <= D01¥FEy p oa NI

153

CORTRAST SUN OF SQUARES df KEAK SQUARES F YALUE [
fUE 1 vs GLRE 7521281,3315,01 1 75312613318.0) 539,73 0,000 exix
ERROR 8232762615.98 59 139570349, 44 :
ELEHERY 1 s :
ELENENT-2 11189917506.15 . 1 111099E7595.15 -339.89 0.0001 *xx-
ERRDR 1042611444 .85 59 32929227.9
ELEMENT 1 vs .
ELENENT 3 3H9460H0274.01 1 34946080274 ,01 413.48 0,001
ERAOR hOB6h 45 BAL , 08 59 B4516031,27
ELERENT 2 vs :
ELERENT 1 5506345009, 26 1 6586345098 ,26 127.86 0, 0001 e
EARDR 3039016572.73 59 515)0280.88
TRARS 1 vs
TRAKS 2 11759776001 .06 1 11758776001.06 i0t.67 0., 0001 +4xe
EAROR 2209875066,93 | S8 38902843.50
TRAHS | ws
TRANS ) 43370087744 .26 $. H337ADBYING 26 557.00 0. 000] wxa
EAAGR £508190293.73 L1 TIT65747.69 )
Mg 2y .
TRANS 3 2066341954 .99 1. 9956341954 ,39 261.66 0.000] ¥
EAROR 224, 7245389.50 58 33088704 ,%0

~ TABLE 5.3d AHOYA CONTRASTS FOR THE NONDEGEHERATE FACTORIAL RESPONSE TIKE OATA SET.



As part of +the present axpérimental praocedure, subjsots

were asked to rank four foroed choloe geometric analogy

items (one £rom each analogy type) in order of subjechtive
complexity. Subjects were required to do this both bafore

and after completion of the experimental trials. It i= the

assumption that any pre-test/post-test differences in

complexity rank order will reflect a modification of the
subjects' complexity criteria caused by their exposure to,

and perfurmance on the experimental trials.

Analogy type complexity rankinge thus comprised two subsets
of four rank orderings of 1, 2, 3, and 4, applied to
geométric analogy items A (Semidégenerata forced choice
geometric analogy (format A:B::A:;B)), B (Dagenerate forced
choice genmetrid' analeogy), € (Nondeganerate forced cheice
genmatric analogy), and 0 ({Semidegenerate forged cholce
gecnetric analogy (format ArA::B:B)). Total permutations
are thus sixty-four ({41) = (41)),

Subjects' actual rankings are summarised in Tabhle 5.4. OF
particular significance is that only five of the potential
slxty-four orderings emerge, each with the identical
post-tast complexity ranking . set. In Table 5.4, the
complexity ranking mets have been arranged in descanding
order of frequency and & complexity ocode ascribed
accordingly. It must be emphasised that this ordering of
ranking sets in ne way reflects any 'real' or ‘natural!
order, and +therefore the codes asorlbed to these sets do
not reflect any 'real' arithmetic ox mathematical soale.

Approximatsly 82% of respondents are accounted foxr by their
selection  of ocode 1 or code 2 complexity sets; with 92,67%
being accounted Ffor by +the flrst three gode freguencies.
Thus, the percentage of reapohdents acoounted for hy the
first three code f£requencles, together with the fact that
only five complexity orderings emergad, suggests a
non-random distribution of compléxity judgements,
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ITER CONPLEXLTY RMMKING FREQUEKCY ASCRIBED COAPLEXITY

PRE-TEST POST-TEST (% =g0) €ogE

' {#a)

Yo ~l hBco AgBcoO

2141 3142 i t
142 J142 18 2
Alae 1142 5 3
1243 1142 4 4
3114 1142 1 5

CHLSQUARED (dF = 4} LN TR

I}

TABLE 5.% SUBJECTIVE ITEN CONPLEXYTY CODING.
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The resultant g&istribution of complexity Judgements In
Table 5.4 1is ideally sulted to analysis by the chi-squared
one variable test. This test has been desoribed as a
tgoodness-of-F£ith :échniqua in that it may bhe used to

' determine whether or not a significant difference exists.

between the observed number of cases falling into each
‘category, and the expected number of cases, based upoh the
‘null hypothegi=s; which in the present context would suggest
that there should Ye an egual number of responses within
each category. .

Whis concluded the analysi& of complexity rankings per se.
While +the analysis gonducted revealed the existence of
. pre—tast/post-test dJdifferences in complexity rankings, the
question remains as to why this should ke so. It is thus
. preferred to retain the integrity of the judgement sets as
distinot unite of ocomplexity-task assoclation.  Furthar
subdivision and analysis cf complexity oode data (e.g.,
investigation by gender and handedness, aeto,) was decidad
against given the lack of theoretlcal justification for
such analysls, together with the risk of over fragmenting
each of the <four separate data sgets (arising from tha
subdivision of the total data set on the basis of geometric
analogy type) and thereby reducing the number of
obgervations per aell (a provedure which was cautioned
against in the sectlon Tha Research Dezign of Sternberg's
(1977) CGeometric Analogy Experiment, and its Relevance to
the Present Research, in Chapter 4).

Howevar, complexity code groups were used as the basis for
post hoc partitioning of the data sets pertaining to each
.of the VPfour' geometric analogy types, in order to
determine whether . subjective complexity code offered an
associative explanation for the basis of hoth subjective
strategy code group nembership and oluster wmwembership.
These issues. will be returnad to in the seotions Solution
Btrategy and tha Experimental Taslk, and Tha Cluster
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Analysis Procedures, later on in this chapter.

Interpratation of the statistlos in Table 5.4 will be
returned to in the section, Stimiilns Complexity and Task
Performance in Chapter 6 (Discussien). '

Solution Strategy and the Expeximental Task

This section is oconcerned with the extent to which
variations in demand characteristios of forced choice
geometric analogy items influences subjective solution
strategy. : : '

Previeus investigations of geometric analogy solution hava

not appealed to subjedt's post hoo introspective repoxts

for support for the interpretation of performance data.

However, it 'is contended that this type of supplementary
data may provide valuable insights into the extent to which
varjations in item ocomplexity influence ¢the order of
execution of the cognitive components involved in geometric
analegy solution.

As part of the proceduvre for the present experiment,
subjects wers asked to describe, in detail, the solution
strategies they had adopted for each of two examples from
gach of <the 'fourY types of geometric analogy included in
the e%perimental trials. Then reason that subjects were
reguired to provide strategy reports for two examples of
each geometric analogy type was that ane of the éxamples
wonld comprise a minimum number of elements per term and
transformations between terms (ralevant to each analogy
type), whereas the other example would comprise the maximum
number of eléments per tGerm and transformations between
tarms ‘relevant to each analogy type). Thereby ensuring
that subjects provided a strategy report for each unalogy
type in dite most "simpla" and "oomplex" form. It is, of

course, ‘the assumption that any variatien in subjective
197, . : .
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strategy xeports for the two & examples of a particular
gecmetric analogy type will reflect a modification in the
subjects'. golutien strategy brought about by the variation
in the task demand characteristics.

Adopting the procedure deseribed in the section Prooedure

. in chapter 4, sach of the yeported strategies was recorded.

and coded. Particular oare was taken to.ensure that'any
strategy report differing eveh slightly from those
previously recorded, 1n terms of performance components
adopted and order of component execution, was documented
" and =assigned a separate oode, To the axtent that the
solution strategy reports includad descriptions of
. comporiential processes corresponding to those identified by
sternverg (1977) as being involved in forced choloe
geometric analogy solution, this was recorded,

The self reported solution strategies relevant to each of
the geometric analogy types will be considered separately.

Degenerate ?orced Cholce Geometrisz Analogy_subjgctiVe Task
Strateqy Types

Bﬁriutly in terms of performance components adopted and
order of component execution, two dominant gubjective task
strategy types were identified from subjects pest hoc
introspective reports relevant to  the sclutlon of
Degenerate items with one element per term throughout. The
first of these strategy types was coded 1.la and the second
i.2a.

At this Jjuncture it must be emphasised that neither these
codas, nor thoge assigned to the dominant subjective task
stratagy types identified from the subjestive stratagy
reports relesvant to the sclution of 3 alement Degeravede
itews, hoth variations of Semidegenarate items, . d
Nondegensrate itews, rapresent any 'real" arithnatic or

198

et it oan ot

U S



e -

i e

mathematical properties of scale. Theee are purely nominal
categories and any ordering of them is arbitrary.

Variations of the two dominant strategy types were
identified however since . these did not inveolve additional
performanoce oomponents or changes in the crdar of component
execution, they were not ooded as separate strategy tYpes
but, rather, were recorded as varistions of the respective
dominant strategy types.

The identical two dominant subjectlve task strategy types
were  ldentified from subjects post hoo introspective
reports relevant to <the solution’of 3 elsment Degenerate
itenms. Tha Ffirst of these strategy types were coded 3,1a
and the seogond 3.2a. :

Similariy, wvariations of these two dominant strategy types
wera identified, however, these wvariations were fewer in
number than those Iidentified and <vecorded for 1 element
Degenerate item solution. Furthermore, since these
variations id not involve additional performance
componehts or changes in the order of component execution,
they were not coded as separate strategy types but, rather,

‘were recordetl as variations £ the zrespective dominant

strateyy types. :

A detailed discussion of the dominant subjective task
gtratagy Ltypes as well as their respecﬁive variations,
identified f£rom the subjective strategy reports relevant to

“the solution of 1 and 3 element Degenerate iteme, together

with =2 summary of the nhmhers of subjects who reportedly

‘adopted each of these strateqy types, is presented in the

section, Task sStructure and Solution strategy in Chapter
& {Discussion). :
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Semidegenerate Forced Choloe Geonetric Analogj. (Format
A:A::B:B) Subjective Task Strategy Types

Strictly in texms of performance ocompohents adopted and.
order of component execution, two dominant subjective tagk
strategy types were identified from subjects post hoo
Introspective reports relevant to the solution of 1 element
- 1 transformation Semidegenerate items of the Fformat
AtA::BiB. The first of these strategy types was coded 1.1b
and the second 1.2b. : . SR

Varimtions. of these two dominant strategy types were
identified, however, since thése did not involve additional
performance compohents or changass in the order of conponent:
execution, they were not coded as separate strategy types
but, rather, were recordad as variations of the raspective
dominant strategy types. '

‘The identical two dominant subjective task strategy typés
were identified from subjects post hoc introspective
reports ralevant to +the solution of 3 element - 3
transformation Semidegenerate items of the format
AtA::B:B. The first of these strategy types was coded 3.1b
and the seacond 2.2h.

Similarly, wvariations of these two don. 1ant strategy types
were Jldentified, however, these variations wera fewer in
number than those identified and recorded for ) element - 1
tranaformation Bemideganerate item solution. Furthermore,
ginoce these variaticns did not invelve additional
performance conponents or changes in the order of component

" exacution, ‘they were not coded as separate strategy types

but, wather, wers recorded as variations of the respective

dominant strategy types. : '

A detalled discussion of the dominant subjective task
strategy types, as well as their respective variations,

« 200
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identified from the subjective stratagy reports xelevant to
the solution of 1 element - 1 transformation and 3 element
=~ 3 trangformation Senidegenerate items of +the Fformat

‘AiBL BB, together with a summary of +the numbers of

subjects who reportedly adepted each of the strategy types,
is presented in the section Task Structure and Solution
Strategy in Chapter 6 (Diecussion).

Semidegenerate ‘Forced Choice Geometric Analogy (Fbx_:mat
A:B::A:B) Subjective Task sStrategy FEypes

Strictly in +texrms of performance oomponents adopted and
order of component execution, two dominant subjective task
strategy types were Jldentified from subjects post hos
intrespeativé reports relevant to the solution of 1 element
- 1 transformaktion Semldegenerate items of the Fformat
A:B::A:B. - Tha first of these strategy types was coded 1.le¢
and the second 1.2c. '

Variatione of these two dominant strategy types w.oe
identified, however, since these did not involve additional
performance ocomponents or chﬁnges in the order of the
gomponent execution, they were not ched as separalhe
strategy types but, rather, were recorded as variations of
the respective dominant strategy types.

"he identical +two dominant subjictive task straiegy types
were identified from the subjects post hos introspective

sJeports relevant to the solution of 3 element - 3
transformation Semidegenerate items of the format
A:Di1tAB. The first of these strategy types was codad

j.le, and the second 3.2c.
-,

8imilarly, wvariations of these two dominant strategy types

" were - identified, -however, these variat.ons were fewar in

number than those identified and resorded for 1 element -~ 1
transformation Semidegenerate item solution. Furtharnore,
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singce these wvariations did not involve additional
pexrformance components or changes in the order of compéonént

axeoution, they were not coded as separate strategy types

but, rather, were recorded as variationa 6f the respective
dominant st¥rategy types.

A detailed discussion of the dominant subjective task
strategy types, as well ag their respesctive variations,

identified from the subjective strategy raports relevant to
the solution of 1 element - 1 transformation and 3 alement
~ 3 transformation Semidegenerate items of the format
A:B::A3B, - together with 2  summary of the nunbers of
subjects who reportadliy adupﬁed each of the strategy types,
is presented in the s=ection Task Structure and Solutior
Strategy in Chapter & (Discussion}. e

Nondegenerate Forced Chojca 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 in#estigate- vhether the cognitive compcnent processes
desaribed by Sternberg (1977} as best defining task
performance on Nondeganerate  forced ochoice geometric
analogy items are in fact as generalisable as he maintained
them +to be, Bince Sternberg's {1977).c0mponantial model s

of anslogical reasoning were applicable to Nondegenerate

forced ochoice geometric analogy items comprising more. than
one element per term, the subjective strateqgy weports for
the +wo Nondegenerate examples werd obtained in different
ways. :

The subjective strategy reports for the solution of 1

element - 1  transformation Nondegenerate items were

chtained . in a similar -manner +o. those relating to the

solutlon of Degenerate’ and Semidegensrate items. In

contrast, for the 3 element =~ 3 transformation
202

AL




Wondegenerate example particular care was taken to ensuré
that in +their =subjective strategy . report, subjacte
identified which terms had been compared with which; which
term(s) had been ocompared with the +twe answer options;
whether elements ocomprising the terms and answer options
were compared indi,.dvally, or as a whole, and whethe? the
comparisen of . elements had been self terminating or
exhaustive. ' '

Strictly in terms of performaﬁde components adopted and
order of component exegution, four dominant subjective task
strategy types wers identified from suhjects post hoo
introspective raparts relevant to the zolution of 1 element
~ 1 transformation Nondegenerate items. The first of thesa
strateqy types was coded 1.31d, the second 1.24, the third
1.3d, and the fourth 1.4d.

vVariationg of these four dominant strategy types ware
jdentified. Variations were apparently due to the subjects
adopting either a Belf terminating or exhaustive
application  procegure. However, since these 4id not
involve additional performance components or changea in the
ordexr of conponent execution, they were not ocoded as
separate strategy types but, rather, were recorded aE
variations of the respective dominant strategy types.

In terms of performance corponents adopied, order of
component execution, mnature {i.e., self 'terminating or
exhaustive) of the inference, mapping and application
proceduras, and mode (sequential or altexnate) of option
scann*ng,' four dominapnt subjeoctive task strategy types were
identified from the subjective strategy reports relevant to
the solution of 3 elament - 3 transformation Nondegenerate
items. The Eirst of the atrategy types was coded 3.1d, the
second 3.2d, the . third 3.,3d, and the fourth 3.4d.
variations of these four domlnant strategy typas were not
identified.
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A detailed discussion of the dominant subjective task
strategy types, as well as their respective varlations (in
the case of 1 eletient. - 1 tranaformation Nondegenerste
items only), identified from the rschiective strategy
reports - re¢levant to the solution of 1 element - 1
transformation and 3 element - 3 transformation
Hondegensrate items, togethatr with a sumwmary of the mmmhers
of subjects  who reportedly adepted each of the strategy
types, 1is presented in the section Task Structure and
Solution Strategy in Chapter & (Discussion). '

Of significance Lol present regaarch purpéses is the dagree
of association between subjective complexity judgewments and
subjects! self-reported subjective task = strategles
pertaining to both examples of each analogy typa..

&n -~ investigation of this association was conducted
separately for both examples of sach analogy type.

Degenetrate Porced Choice Geaometric Analogy Items

As discussed previously in this section, two dominant
subjective task atrateqy types were Jldentified from the
subjéctive strateqy reports relevant to 1 element
Degenerate items. Thase were geded 1.1a and 1l.2a.

These strategy codes are presented together with the
subjective ocomplexity codes In Table 5.5a. Again it must
be ewphasissd that neither these codas nor those presented
further on in the discussion of the association between
subjective complexity Judgeisents and subjects! self
reported subjective task ptrategiea, represent any "real
arithmetic or mathematical properties of scale. These are
purely nominal categories and any ordering of them is
arbitrary. :
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ITEN FREQUENCY QF ITEM COMPLEXTTY BIKONIAL

COMPLEXETY © FOR EACK TASK STRATEBY T {x*)
COnE .
1.1a 1.2a {7074L)

1, 18 13 (1) p ».10

2 6 12 {18} po>.10

3 6 ) { 5) p <.05%

1 1 3 {4} p o=.A0

5 0 t (1} . porlde
(TOTAL) {31} {29} {56} p >0

TABLE 5.5a TASK STRATEEr AND XTEM COKPLEXITY FOR 1 ELEXENT DESENERATE GEQRETRIC

ANALOSY ITENS,
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TTEK FREQUENCY OF TYEN COMPLEXITY DINOKIAL

COXPLEXITY _ FOR EACH TASK STRATEGY {x*)
CODE . -
3.1a i {roraL}
1 17 i-*. (31) p >.10
2 a 10 {18} ¢ >.10
3 g 0 (6 - p <.+
1 _ i 3 { %) P .s.m.
_ 5 v ) Sy A
© lrotaL) (33) {27} (50} . P >0

TABLE 5.5b TASK SYRATEGY AND XTEM COMPLEXETY FOR 3 ELENENT DEGEHERATE

" GEONETAIC ANALOBY ITENS.
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Givenn the nominal nature of the two-category rows in Table
5.5a, together with the fact that ne predictions weare made
concerning['tha assoclation between subjective task strateéy
and subjective ocomplexity judgement, a binemial two-tail
tegt was suploved For data analysis purposes.

Findings set out in Table 5.5a suggest that the association
between subjective task strategy (Codes 1.1a and 1.2a) and
subjective conplexity ocode 3 is strong and statistioally
significant (p<.05). '

gign.ficant levels for other ocodes are less compelling,
whilst any semantic intgrpretation Gf codes 4 and 5 will be
undermined because of the small number of total
' obsetvations for each code. ' ' '

Az discussed previously in this section, twe dominant
subjective task strategy types were identified from the
Subjéctive strategqy reports relevant to 3 eleament
Degenerate items: These wereg coded 3.la and 3.2a.

These strategy c¢odes are presented togathef with the
subjective complexity codes in Table 5.5b.

Given the nominal nature of the two-—category rows in Table
5.5b, together with the fact that no predictions were made
concerning the association between subjective task strateqgy
and subjective ocomplexity Judgement, a binomial two-tail
test was amployed for data analysis purposes.

Findings set cut in Table 5.5b suggest that the association
betwean subjective <task strategy (Codes 3.1a and 3.2a) and
subjective complexity ogode 23 is strong and statistically
significant (p<.05). ' :

Significant levels for other codes are less compelling
whilst any semantic interpretation of codes 4 and 5 will be
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undermined because of +he small number of total
chservations for each cell.

Semi legenerate (A:A::B:8) Forced Choice Geometric Analugy
Items

As discussed previously in this section, two dominant
subjective task strategy types were identified from the
subjectlve strategy reports relevant to 1 element =~ 1
transformation Semidegenerate items of the format
A:A1:B:B. These were coded 1.1b and 1.2b.

These strategy codes are prasenéed together witk the

subjeotive complexity codes in Table 5.5c.

Given tt " .1 of the two-category rows in 'fable

5,%c, to % that ne predictions were made
concerning t- ” . ‘aen subjective task strategy
and = subjective .G went, a binomial two-tail
test was employed f - b purposes.

Findings set out in Table 5.5¢ (ggest that the association
between subjective task strategy (Codes 1.1b and 1.2b) and
subjective ocomplexity codes 1 (p<.05} and 2 (p<.01) is

- gtrong and statistically significant.

Significant 1levels for other codes are less compelling
whilset any semantic interpretation of oodaes 4 and 5 will be -
undermined because of the small number of +total
cbservationa for each cell.

As discussed previously in this section, +two dominant
subjective +task strategy types were identified from the
subjective strategy reports. relevant to 3 element - 3
transformation Semidegenerate  items of the format
AtA;:B:B. Thase were coded 3.1B and 3.2b.
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ITEY PREQUENGY OF ITEH CDRPLEXITY BINONTAL

COMPLEXITY FOR EAGH . TASK GTRATERY {x*}

GODE S

1.1h 1.2h {TataL)

1 2 9 () p <.05%

2 17 1 {18) P <.01M

3 5 1 (6  p .o

4 a 1 { %) p >.A0

5 1 o (1) p ».10
(ToTAL) {48} {12} {60} p <.05%

"TABLE 5.5¢ TASK STRATESY AND ITEM COKPLEXITY FOR 1 ELEHENT - 1 TRARSFORHATION

SEMIOERENERATE {A:Az:BeB} AEOREYRIC ANALGAY IVEMS.
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Thesae strategy codes are presented. together with the
subjective complexity codes in Table 5.5d. :

@Given the nominal naturs of the two-category tows in Table
5.5d, together with the fact that no predictions were made
oénoerning +the association between subjective tagk strategy
and subjective ocomplexity judgement, a binomial two-tail
test was employed for data analysis purposes.’ ' o

. Findings set cut in Table 5.5d suggest that the association
between subjective task strategy (Codes 3.1b and 3.2b) and
subjective complexity ocedem 1 - (p<.05), 2 (p<.0l) and 3
{p<.08) is strong and statistically significant. '

any semantic interpretation of oodes 4 and 5 will be
undermined because of the small number of total
observations for each cell.

Samidegenerate (A:B::A:B) Foroed Choloce Geometric Analogy
Items

As discussed previcusly in this aection, two donminant
subjective task strategy types were ldentified from the .
subjective strategy reports relevant to 1 element ~ 1
transformation - Bemidegenerate items of the format

h:B::A:B, These were coded 1l.la and 1l.2c. '

Thesea strategy oodes are prasentad together with the
subjective complexity codes in Pable 5.5e,

Given the nominal nature of the two-category rows in Table
5.6e, together with the fagt that no predictiens were nade
cencarning thae association between subjective task streategy
and esubjective ocomplexity Jjudgement, a binomlal two-tail
test was employed £dr data analysis purposes.

Findings =et cut in Tabhle B.5e suggest that the assooiation
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b
4
f
Fo

BINONIAL

ItEN . FREQUENCY OF ITEW COMPLEXTTY
COHPLEXITY FoR EAGH TABK STRATESY {x°)
CODE i ]
3.1b 2.2b {rovaL)
1 Cn T (21) p £.05%
2 : 18 6 {18) © p <01
3 6 b {6y p <.08%
4 3 1 (&) p ».10
5 i a {1} po».l0
{YOTAL) {s2) - () (60) p <.05%

TABLE 5.5d  TASK SYRATEGY AND ITEK CORALEXITY FOR 3 ELEMENT - 3 TRANSFDANATION

SENTOEGENERATE (Athe:BeB) GEDNETAIC ANALOGY XTEHS.
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-

TASK STRATEGY AHD ITEH COMPLEXITY FOR 1 ELEKERY - 1 TIAHSFORKATION

1TEN FREQUENGY OF ITEN CONPLEXITY BIHONTAL
CORPLEXITY FOR EACH TASK STRAYEGY [x)
- ChDE
Lilae 1.2« (_Tom.)
1 12 19 {s1) p >.10
2 1 7 {18) p ».10
3 6 0 { 5_) p < .05%
4 0 4 R p 5.10
o, 5 0 1 (1} p ».10
{ TOTAL) {29} (31 {50} . p ».10
TABLE 5.5¢

SEMIDEGENERATE (A:B::A:B) BEQRETRIC ANALDEY XTEMS.




petween subjective task strategy (Codes 1.kc and 1.2¢) anpd
~subjective oomplexity code 3 is strong and statistically
signiticant (p<.05).

Significant levels for other andes are lese compelling
whilst any semantic interpretation of Codés 4 and 5 will be
ungermined because of the small nunber of total
observations for each cell. : :

As disgcussed previously in this section, two dominant
subjective task strategy types were identifi.d from the
subjéctive strategy reports xelevant to 3 elemsnt - 3
transformation Senidegenerata items of the format
AtBy:A:B. These were coded 3.10 and 3.2¢.

These strategy oodes are presentad together with the
subjectiva complexity codes in Table 5.5€. :

Given the nomihal nature of the two-category rows in Tabla
5.5f, ‘together with the fact that no predictions were made
aoncerning theé assooiation batween subjeotive task strategy
and subjective complexity Judgement, a binomial two-taill
test was emplayed for data analysis purposes.

Findings set out in Tabla 5.5Ff f£all to suggest any

‘statistically significant association between subjeative
task strategy (dodea 3.1¢ and 13.2c¢) and subjective
complexity code.

Nondegenerate Forced Cholce Geometrylc Analogy Xtems

As discussed previctsly in this szection, four dominant

subjective task strategy types were identified from the
subjective strategy reports relevant %o 1 elemant - 1
transformation Nondegensrate items. These were coded 1.1d,
i.2d, 1.3d and 1l.4d,
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T S - - . o . L) P TrrrommrorEmEr et R et [

men FREQUENCY OF XTEN GOMPLEXIFY BINORIAL
CONPLEXTTY FOR EACH TASK STHATEGY )
CODE ' .
t 3.1c 3.1 . {307AL)
1 10 21 o {81 p ».18
2 10 ] [13}- p ».10
; S 3 -3 3 (.8) p >0
3 o & () g o».10
' - 5 0 1 Y T opo»a0
( TOTAL) (23) . (e (ta) 7 <.10

TABLE 5.5f  TASK STRATEGY AMD TTTW COMPLEXITY FOA 3 ELENENT - 3 TRAHSFORWATION

SEHWIDECENERATE {A:S::A:B) GEONEYRIC ANALOGY ITEKS.
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ITEN FREQUENCY OF ITEN CONPLEXITY cHI-

COXPLEXITY FOR EACH TASK SYRATESY SOUARED

CODE . {df = 3)
t.1d 1.2d 1.3d 1.5d  (TOTAL)

1 18 5 9 2 (1) p < .01%
A 1 1 I‘{.m] p <.01%F
3 ] 1 0 0 { 6] pc.05*
4 o T2 S A I 5 .10
5 1 0 g 0 {1} p>.20

{ TOTAL) {a7) {8)  (12) { 3} {0)  p <.oiw

TABLE 5.5g  TASK BTRAYESY ARD XTEK GORPLEXXYY Foil 1 ELENERY ~ 1 TRAHSFORKATION

HONDEGEHERATE  BEDHETRIC AWALOGY ITENS.
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These strategy codes are presented together with the
gubjective complexity codes in Tabla 5.5g¢.

‘Given the nominal nature of each xow in Table B.Eq, a
chi-squared one~sample test (Siegel, 1956) were employed
for data analysis purposes, ' '

Findings set out in Table 5.5y suggest that the association
between subjective task strategy (Codes 1.2d, 1.2d, 1.34
and 1.4d) and subjective ocomplexity codes 1 'n<.0l), 2
(p<. 01) and 3 (p<.05) is strong and statisticaliy
significant. '
Any semantic interpretation of codes 4 aud 5 will be
undermined because of  the ~small number of total
observations for each code. '

As disocussed previcusly iIn this section, four dominant
subjective task strategy types were identified from tha
subjective strategy repoxts relevant to 3 element - 3
transformation Nondegenerate items. These w zoded 3.14,
3.2d, 3.34 and 3.4d.

These strategy oodes are 3. sented together with the
subjentive complexity codeg in Table 5.5h.

Given the nominal nature of each row in Table 5.5h, a
c¢hi-gquared one-sample test (Siegel, 1956} was employed for
data analysig purpcses,

Findings set out in Table 5.5h suggest that the association
between subjective task strategy (Codes 3.1d, 3.2d, 3.3d
and 3.4d) and subjective complexity code 2 (p<.08) i=
strong and statistically signifiecant, '

significant levels for other ocodes =are less compelling
whilst any semantic interpretation of codes 4 and 5 will ba
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ITEN FREQUENCY OF XTEN CORPLEXITV . cyI-

| COHPLEXITY FDR EACH TASK BTRATEGY SQUARED

GHOE (df = 3}
‘3.4 3.2d 3.3d 344 (TOTAL)

‘ | 1 . 1 ? n 2 (a1} p <.10
. ‘ 2 B 1 5 2~ (18) p <.05%
: 3 ) 1 & 0 {8 p ».10
; 4 0 2 2 o {& 5 >.0
a _ § - 0 ¢, 1 0 (1) P>

(ToTAL) fez) (1) (z3) W) {50) p < .DiEe

TADLE 5.5k  TASK STRATERY ANO ITEK CONPLEXXTY FOR 3 ELEMENT -~ 3 TRANSFORKATION

HOHDEGERERATE GEONETRIC ANALOBY ITE:S.
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undermined because of the small number of toktal
observations for each oell.

Furthar subdivision and analysis of complexity code and
task strategy assoclation (e.g., investigation by gender
and handedness, eto.), was deaided agailnst on the same
joint grounds advanced for not subdividing the complexity
codé data (see the seotion Stimulus Complexity and the
BExperimental Task earljer in this chapter), vig:~ that
the lack of theoretical Jjustification for such analysis
would most 1ikely yield aguivoocal f£indings, and that
further oross tabulations would serve to over fragment each
of the four saparate data séts {arigsing from the
subdivision ‘of the total data set on the basis of geometric
aralogy type), thereby redusing the number of observations
per celi (a procedura cautioned against in the seotion The
Research Design of Stermberg's _(1977j Geometric Analogy
gxperiment a;d its Relevance to the Fresent Research, in
Chapter 4).

The Cluster Analysis Progedures

The £inal issue to be investigated through analysis of the
experimental data is the extent to which clustering
techniques oan ' provide insight inte the nature of the
processes that underlie parformancé on forced cholce
geometric analogy tasks; how individuals differ in tarms of
these processes, and. the task characteristies that
influenca these performance differences.

As noted in the section Conceptual and Methodological
Issues in  Chapter '4, analogy solution and deometric
analogy solution in particular, despite its long history of
inelusion on tests of aptitude and inteiligence, has only
recently become the subjegt of em .ical and theoretical
analysis. Most ex%sting regearoh in the area hinges upon
Sternberg's (1977) attempt to specify the components of

, \-
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performance in thig task, and has béen constrained by
theoretical and wethodological weaknesges. In particular
the repetifive use of a snall nunber of hypothesis
sophisticated subjects, the reduotion of subjects! seolutisn
strategles 1nto a componential medgl on the basis of a
priori assumptions of sequential component execution, ete.

It  has been the oontention of the present research that
theories of apgnitive individual dJdifferences based upan
chservations of small hnumbers of subjects in repeated
measures ‘designs invelving large numbers of independent
variables are not particdlarly oompelling, and an
alternative approach has been = proposed through the
application of an appropriate clustering algorithm on a
substantial data set. I -

Despite the practical and mathematical uncertainties of
cluster analysis disduggsed in detall 1In the sectlon
Indiwvidual Differences and ¢luster Analysis in Chapter 4,
it is contended that its use in the investigation of mental
workload influences on ¢eometric analogy task performance
could prove most insightful.

at  this dJuncture it is appropriate to offer a full
explanation of . the olustering technigne applied in the
present data anaiysis.

0f primary concern is the nature of the data to be
ahalysead. Clustering iz eonly applicable to the four
response time data matrices arising from the subdivision of
the total response time data matrix produced by the
experimental precedure. Application to larger data sets
including, for example, ceoding for gender, handedness,
subjeative sitrategy, subjective item complexity, eto., will
yield oluster solutions based on those variables; they are
likely to impose an immediaté and strong basis to form a

perfect partitioning of the’ data sefs..  Rather, the,

. o - 219




clustering should be confined to the response time data
alone.

The Degenerate responsa'_tima Aata matrix gomprises o9
factorial design conditiens, each of the Semidegenerate
reaction time data watrices comprises 18 factorial design
. conditions, and. the Nondegenerai« analogy reaction time
data matrix comprisas 54 factorial design conditions. ‘Bach
factorial design condition has 60 response times. The
chjects to be _clﬂatered {subjects) thus "each have a
 perfeotly standardised profile of ratio data observations
for each analogy +type.  No manipulatlon of this data is
necesgary +te form standardised pfofiles and this will
eliminate +the ococourrence of distortions that may alter the
true relationship between variables and within each data
matrix.

It is, of ogourse, an dssumption that variation, structure
and pattern exist within each data mﬁtrix, and that this
variation, structure and pattern 4is the result of the
. experimental independent variables. Purthermore, it is
asgumed that +this structure and pattern will emerge within
each of the clustering solutions.

A related assumptlen 1s that <there ie interindividual
difference contained within the strnoture and pattern of
each data set but, bs=tause the favtorial design of the
watrices  facilitates the detection of stratagy change
within an object's profile, no ungetectable intraindividval
differences will ooccur, In practice this assumption means
that no individual will acgquire membership of more than one
cluater or group, per cluster solution.

A final cbservation about each of the - four data matrices is
that they consist exclusively of ratio data. This, coupled
with +the standardised nature of scores for each variable,
would warrant the selection of & olustering algorithm with
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minimal similarity transformations, such as a distance

metria.

All  clustering tedhnicues involve a large amount of

arithmetiec, and would not be feasible without the aid of

modern - statistical ocomputational packages.  The SAS
statistical computational package (SAS Institute, 18985}
contains fourteen dJdifferent clustering methods, eleven of
these being contained as cptions within a CLUSTER
procedure. " Each of these fourteen methods differs in its

‘approach to providing a cluster solution, and each has

theoretical and methodologival weaknesses and advantages. -

Additional ~ to the CIUSTER procedurs, the procedure
FASTCIUS, also contained in the SAS packaga (SAS Instituke,
1985), identifies disjolnt clusters (a cluster solution in -
which each object is assigned to only e¢ne cluster) using
MacQueen's (1967) K-means algorithm applied to co-ordinate
data. PASTCLUS is especlally suitahle for large data sets.

The FASTCLUS procedukre selects a set of data points v
cluster seeds, one from each variable for each cluster.
These are used as 'bast initial guess" to the means of the
glusters (Anderberg, 1973). ¥ach observatlon in turn is
then assigned 'toc +the neédrest =seed to form temporaxry
clusters; the seeds being replaced by the aluster nean.
This is repeated until no further changas occur in the
ciusters.

This initialisation method guaranteas +that If clusters
exist in the data set such that all distances between

~ cbservatlons in +the same c¢luster are less than all

distances between observations 1In different slusters, and
if the ocorrsct number of clusters is specified, the
FASTCIUS algorithm always finds the - alustering solution
without iterating (Milligan, 1980Q).
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When executing the FASTCLUS procedure it is necessary to
spacify the maximum number of clusters {and thereby the
maximum number of initial cluster seeds) using a MAXC = n
optlon. In contrast to the CLJSTER procedure, where only
one run produdes resulis from one cluster to n dlusters,
the FASTCLUS procedure requires a separate run for each
_number of clusters. '

The FASTCLLE procedure option, . DRIFT, ensures that after
initial seed s<election each observation is assigned to the
cluster with the nearest seed. Thereafter, the seed of the
gluster to which an cbservation is assigned is recalculated
as the mean of the obsarvations currently assigned to that

. cluster, so that_the cluster seeds "dArift" about withii the

cluster rather than remain fixed for the'dﬁration of a pass
through thz data.

A further option; DELETE = n, deletss cluster seeds to
which n or fewer cbeservations have beean assigned after the

- DRIFT option has been completed, and after each iteration.
However, cluster seeds are not leleted after final cluster
assigmment of observation, thus facilitating the emergence
of olusters with less then n should the dissimilarity from
other clusters be strong enough. '
Ta establish sultable stringency levels the PFASTCIUS
procedure was run on all four response time data sets, with

' MAXC = n, DRIFT and DBLETE = 5 options, specifying each
maximum ocluster from two through to ‘twelve. A1l other
FASTCIUS procedure opticne were left at default including
the default of one iteration. This produced a one cluster
solution for each of the four data sets.

L3

Thesa specifications were apparentiy too strifigent, since a
one cluster solubion falls to reveal variatlon, structure
or pattern within each data matrix. Identical one cluster
solutions were produped when setting DELETE = 4 and
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specifying each maximum cluster rrom two through to

fiftean, These specifications alsgo appeared to be too_
stringent.
For present research purposes then, DELETE = 3 was

speaified, thus eh=uring stringent . cluster asaignnent
whilst still allowing formation of small groupings (3 = 5%
of N = 60) should a cluster solution not heavily influenced
by single response citliers influence their generation.

As @an additioﬁal gtep for stringency the maximum number of
itarations was set at ten to more fully allow the DRIFT and
DELETE = options to function. . '
Using these specifications, the clustering procedure was
run on ‘eagh reaction time data 53£, for'maﬁimum initial
saed selections for each valune between two and twenty.

The resultiant oluster solutions will Wbe considered
separately for each analogy type.

‘Degenerate Forced Choice Geometric  Analogy  Cluster
Solutions

The specification of two through to elght maximum clusters
produced a one cluster solution. However, the
gpecification of nine and flifteen maximum clusters proved
to be critical. Table 5.6a shows brief summary statistles
for the cluater solutiong generated at these specified
maximin ocluster levels, For each cluster solutiocn the
table shows +the TPFASTCLUS MAXC = level responsible for
genexating the solution, the freguenay of observations
within +the cluster, the root mean square acrogs variables
of the cluste:. standard deviations (equal to the root mean
sguare distance betwean observatione in the cluster), the
maximum distance from the f£inal oluster gssed to any
obgervation within the oluster, the number ot the cluster
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CRITICAL CLUSTER SOLUTIONS WITI DELETE= OPTEGH FOR DEBENERATE GROMETRIC AWALOGY ITEKS

| BAC = CLUSTER  FREQUENCY  RMB SYO  MAXTHUK DISTARCE FROK XEAREST GCENTROID  PSENOG

RUKSER DEYIATIOHK SEED TD DBSEMVATION CLUSIER DISTANCE F
: 2 P 3 6770 48%6.0 2 §107.0  108.40
._ 2 57 240.9 16000 t £107.0
-" 15 1 4 1122.8 5044 .0 z . 5945.6 161,68
- L3 . . . . .
" , 2 58 8L 15339 1 49455

L - S _ i

TABLE 5.6a SUKNARY OF fRLTTGAL CLUSTER SDLUTIONZ WITH DELETE~  OPTION FOR ODEBEXERATE

GEONETRIG ANALOBY ITEKS.



with mean closest to the mean of the current cluster; the
distance betwaen the centroids (means} of the current
cluster and ‘the nearest other oluster, and the pseudo F
statistic for the cluster solution.

The paeude F statistic [qu/{c—l)/(i - Rsg (n-o}} (where
Esg 1is the observed Rsquared, c is the number of clusters,
and n- is the number of observations) was suggested by
Calinski and Harabasz (1974) =as a mesdsure that may be
applisd in westimation of the number of clusters. A basic
~unme is to look for peaks in the pseudo F statistic as an
indication of best estimates emerging from a Bsolution
{Cooper and Milligan, 1984}. ' T '

‘fhe two oluster solution produced:by specifying a maximuﬁ
of nine initial clugter seeds iz exactly replicated whan a
maximum of tan through +to fourteen initial cluster seeds
are spacified. Howaver the specification of a maximum of
Fifteen initial cluster sgeads produces a new two cluster
solution through an adjustment of cluster membership with
one member moving from ocluster 2 to cluster 1 and the
effects  of marginally wedueing ‘the centroid distance
{¢loseneys of the two oluster centres), modifying variable
means (general lowering) and standard deviations (gererally
bigger). Thig® cluster eolution is exactly retained for
each specified mavimum clugter level from sixtesen *to
twenty, thus demenstrating the stability of the two cluster
solution.

Having accepted a two cluster solution, it is necesgary to
establizh which twe cluster solution 1is the most
representative of the solutions provided by the clustering
algorithm; that ger .ated by specifying a maximum of nine
initial cluster se¢ Js or thet generated by specifying
f£ifteen, Thexe is strong gimilarity between these twe
golutions. The solution emerging Ffrom the specification of
a maximum of fifteen initial oliuster seeds is, of course,
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the more robust and enduring solution, given the additional
initial oluster seeds. A more objective criterion for
deciding the "best" sclution lies with the magnitude of the
pgeudo F st@tistic (Calinski and Harabassz, '1974) which
Miltligan ané Cooper [1983) and Cooper and Milligan (1384}
~ report to be one of the three criteria out of a potential
thirty, for estimating the number of populétion clusters
using four hierarchical clustering nethods in simulation
studies. Tt must be emphasised that this criterion will be
adopted when deciding on the "best!" cluster solutions for
both of the semidegensrate, and the Nondegenerate data
sets,
In <the present oase the twe cluster solution providad by
speoifying a maximum of fifteen initial cluster seeds
ylelds the higher pseudo F statistic (181.68} and on this
basis will be adopted as the most representative of the
solutione proviged by the clustering algurithm. '

Upon closer examination of this sblution it becomes
apparent that a clear basis exists for a two clugtar
structure within the data sast. Table 5.6b sets out cluster
means and cluster seojutions Ffor both clusters. Most
noticeable is the fundamental distinotion between a "fast!
cluster (2) and a “slow" c¢luster {1}. Albelt that the
-partition is explieif, there is little okther evidence to
indicate whether the two clusters are merely a reflection
of differences in the speed of task performance alone or
whether there ara other, deeper, information processing
constraints supporting this cluster structure. Since the
basis of the glustering algorithm is to maximise separation
between clusters, the assumptions of usual significance
tests, such ag - analysle of wvariance ¥ tests, are
drastically violated (aldenderfer and Blashfield, 1984}.
Consecquently, they are not valid for testing between
clusters te establish a basis for differences.
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CLUSTER 1 NEANS AXD STANDARD DE\'IA.TIOHS BY COKOITION -

XE¥:  ©BS0 ~ OEGERERATE SOLUFION TIKE ZERD CUE CONDITION.
0S2 = DEGENERATE SolttfoN TIKE T¥O CUE CONDITION.
1E - 1 ELEMEXT, 2€ « 2 BLENEKTS, JE = 3 ELEMENTS,

CORDITIOH 0861E OS02E  DS03E BS?..IE G522E 0523K
HEAN 3437.50  4168.75 A8D6.25  2795.50 1194,25 J547.00
50 " 1070.87 1306,71 925.8% §84.93 1208.73 1188.87

TASLE 5.5b  LLUSTER NEANS AKD STANDARD DEVIATIONS FOR EACH DEGENERATE FACTORIAL
CORQITION.
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CLUSTER 2 NEAMS AKO STANDARD DEVIAYIONS BY CONDITION
KEY; -DSO w  DEGENERATE SOLUTION TIXE™ ZERO CUE CONDITION.
BS? = DEGENERATE SOLUTION TTRE TWD GUE COKDITION.

1€ -1 ELENENT, 2€ » 2 ELEXENTS, 3F = 3 ELENEWTS.

GONDITION DS0LE DSO2E DS03E  DS2LE  DS22E DS23E
EAN 160k,4]  1803.91 2329.95 1195.82 1400.2% 1644.80
t 25831 267.14  383.17  204.5% 276.77  271.485
TABLE 5.5k CLUSTER MEANS AND STANDARD DEYTATIORS FOR EACH DEGE.ERATE TAGTORIAL

COXDITION.
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However, as noted previonsly in this. section, it is an
essantial assumptibn that emergent cluster selutions are
directly related +to the pattern or structure inherent in
‘each d&ata set, which .in turn is the direct result of the
~effeots of the independenﬁ wariables inherent in the
factorial experimental designs., °© On these grounds it
follows that any attempts +to inspect for an information
processing foundation to the cluster solubion should appeal
to these experimental variables; their main effects,
contrasts, and interacticns.

Given that direct between group analysis with . ..ventional
statistios is inadvisarle and invalid, for the reasons
previously outlined, +the  problem of examining and
. interpreting the foundation for cluster difference appears
to be less quantitative and move qualitative on a within
cluster basis. Consequently analysis is restricted to
gualitative within cluster analysis using the same ANOVA,
CONTRAST and PROFILE procedures employed in the analysis of
each of the four reaction time data sats {see the section
The Main Experiment earlisr in this chapter for a
discussion of these procedures).

Accordingly, Table 5.6¢ sats out a summary of ANOVA
prefiles for <the two cluster membership gefined by the
adophted cluster solution, whilst Table 5.6d contains a
summary of CONTRAST and PROFILE oubputs for each cluster.

Interpretation of the statistics in Tables 5.6a - 5.6d will
be raturned in the section: Clusters and Stimulus
Properties in Chapter 6 (Discussion).

Semidegenerate (AiA::B:B) Foxced Choice Geometrio Analogy
cluster Solutions ’

The speaification of two through to eleven maximum clusters
" produced a one clustex solution. . However, the

-
>
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AHOVA PROFILES BY CLUSTER FOR DEGEHERATE GEORETRIC ARALOGY DAVA SEY

KEY;  CUE = CUE CONDITION (ZEAD ve THD)} {4 - z)'
ELEWENT « NUNEER OF ELEREK:% PER TERR (¥ = 3)

LEVELS DF SIGHIFICAKGE: p <= .D5%: p <= .01
p o= AP p &x, 00OlEEE

‘Isaunca OF YARIAMGE GLUSTER 1 : CLUSTER 2

(o} (w)
;f . CHE G.0026%% 0,000 2w
LENENT . 0.0007%%% 0,000 %¥%%

UE * ELENERT 0,0230% ) {1.0001%*x%

il

TABLE 8.6¢  AKOVA PROFILES BY CLESYERS FOR DEGEMERAYE GEOKETRIC AKALDGY RESPDNSE TINE

DATA SET.
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AHOVA CONTRAST BY CLUSYER FOR DEGENERATE SECHEYRIC ANALDEY DATA SEY

KEY;  CUE » ws"cnanmnu {ZEAD v= TRO) (K =2}
ELENERT = H{IKEER OF ELERENTS PER TERM (K = 2)

LEVELS OF SYGHIFICAHCE; p <= .05%; p <= .01M%;

p <~ J001%; 5 2= 00OLEEH

KDURCE OF VARIANCE

- BLUSTER 2

D.aLTF*

LLUSTER 1
(p} - (o
RUE 1 vs CUE 2 0.002aa% 0.00D]#2xx
ELEKENT 1 va ELENENT 2 0.0476% " 0.0001%ex
ELENEKT 1 vs ELEMEKT 3 0.00324% 0.nnn ke
ELEKERT 2 vs ELEMENT 2 0. 05y

TABLE 5.6d  AHOVA CORTRASTS 8Y CLUSTERS FOR DEGENERATE GEOMETAIC ANALOGY RESPOHSE

TINE UATA SET.
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specification of twelve maxigum clusters proved to bhe
critical. Table 5.7a shows brief summary stakistics for
the cluster solutions generated at this specified maxinmim
cluster level. '

The three cluster solution produced by specifying a maximuom
of +twelwve Initial cluster seeds 1 exactly retained for
each. specified wmwaxinmum cluster level from thirteen +to
twenty. - '

The three cluster solution produced by specifying a maximum
of twelve initial cluster seéds yields a pseudo F
statigtics of 153.16. i :

Table 5.7b sets out cvluster means and cluster sclutions for
each of t'2 three oclusters. Again, albeit that the
purtitioning is explicit, thera is 1little other evidence ko
indicate whether the three cliusters are merely a reflaction
of the differences in the speed of task performance alone,
or whether there ara other, deeper information processing
constraints supporting this cluster structure,

Given that direct between group analysis with conventional
statistlss is inadvisable and invalid, for the reasons
previously outlined; once agaln the problem of examining
and interpreting the ~foundation for oluster difference
appears to be less guantitative and more gualitative on a

within qluétar basis, Consequently analysis is restricted’

to qgualitative within ¢luster analysis using the same
ANOVZA, CONTRAST an@ PROFILE procedures as thoge applied to
the Dagenerate data set partitioned on cluster membership
of each obhject (subject).

Accordingly, . Table 5.7¢ sets out a summary of ANOVA
profiles for the fhree clugster membership defined by the
adopted ocluster solution, whilst "able 5.7d contains a
summary of CONTRAST and PROFILE outputs for esach cluster.
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CRITICAL CLUSTER SOLUTIONS WITH RELETE~ OPTION FOR SENICEGENERATE (A:Az:B:B) EECMETRIC ARALOGY. .
: ’ ITENS '

BMIC ~ CLJSYER FREQUENCY RS 5T0  MAXIKUM DISTAKCE FROM MEAAEST CEXTROID PSEUDS

© XUMBER ) DEYIATION -SEED TD OBSERYATION CLUSTER UISTANCE F
12 1 £ »38.5 3378.5 2z - 1882.3 153.18
2 . 2k wrs 1731.2 1 1992.3

3 : 3 . 6457.1 1 129663

TABLE 5.7a  SUNMARY OF CRITICAL CLUSTER SOLUTIONS WITH OELETE= OPTIOX FOR SEWIDEGEKERATE
{AzAs:BsB) GEONETRIC AMALQGY ITENS.
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CLUSTER 1 KEANS AHD STANOARD OEVIATIONS BY cnnnrfmu

. KEY; SAD = SEKIDEGERERATE {AzA::8:0) SBLUTION FIRE ZE_RU CYE CONDITION.
BAZ - SEAIDEGENERATE [l:ﬂ::ﬂl:‘“ SOLUYION TIKE WG COE CoXOITION.
1€ - 1 ELENENT, Z€ = ELEWENYS, 3E o ELENENTS.
1T = 1 TRANSFORHATIOR , 3% = 3 TRARSFORKATIONS .

COROTY [0
I:zu
B

CONDITION

EEM
D

SAOLELT SAGLEST SADZEIT  SADZE3T SADBIELTY SADIEAT
2sh.21 7L 572.07 150,79 3032.09 383,21
322,80 453,15 387,52 51%.53 439.02 §11.03

SAZIETT  SA21E3T  SAZZEIT  GAZ2E3T  SAZRELT  SAZ3EST
1556.27  1897.61  1817.87  2209.27  2097.09 - 2730.58
313,43 43442 33254 .19 442.67 A13.06 .

TABLE 5.7b

CLUSTER KEARS AND STAXDAAD DEYIATIONS FOR EACH SEMIDEGENERATE {AsAs:B:8) FACTORIAL

CONDITION.
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CLUSTER 2 KEARS AHD STAKDARDS DEVIATIONS BY CORDITION

KFY1  SA0 = SENIDEGEWERATE {Ash::8:0) SOLUTION TIKE ZERY CUE LOHOIYION.
842 = SENIDEGEMERATE {AzAz:B:8) SOLUTIOR .TiﬂE YWD CBE COHNETION.
1E = 1 ELEHENT, 2€ = ELEKEKTS, 3E = ELENENTS.

T = I THAHSFORKATIDH, 31 = 3 TRANSFORMATIOKS.

CONDITIOR SADLEST SADLE3T SADZELRY BAG2EST SAQIELT SAIERT

EEMI ‘ 1785.43 2203.9& 251975 2550.21 2208.25 2960.33
50 . 279.58 - 365.43 215.33 280.31 2.7 345,35

CONDITIOH SA2IELT 5A21E3Y SRZZEIT SAZ2E3T SAZ3ELT  SAZ3EAT
' . HEAR _. 1230.50 1490.57 1411.50 1472,38 1557.08  2006.50
K 257.99 309.56 264 .45 147.66 310.25 260.68

TABLE 5.7b CLUSTER MEANS AMD STANDARD DEVIATIONS FOR EACH SEHEREGENERATE (A:h::0:B)

FACTORIAL CONODITION,
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CLYSTER 3 NEANS AHD SYAHDARD DEVIATIONS B¥ CONDITION

“REY:  SAD = SENIDEGENERATE {AsA=:B:B) SCLUTION TEME ZERG CUE CORDITION.
SA2 « SENIDEGERERATE (Aéﬁ::i:ﬂ) SOLUTICN TIKE THO CUE COXOIVION.
1€ .- P ELENENT, 2E = ELEMERTS, 3E = ELEWEWTS.
1T = | TRANS-DRNATIGH, 37 = 3 TRANSFORMATIONS.

CAHDITION SAOLELY  SAOFEAT  SAGZELT SAQ2E3T SAGIELT SAQAEIT
EAH 1450400 6116.33  5896.33 85.55...5? - 5873.33 92p8.00
v £l - H5.B8 653,48 Y40 505.11 536.37 04.22

CONDITION  SAZIELY  SAZIEST  SA2ZE)T  SAZZEST  SAZIEIT  SAZ3E3T
HEXH 3394 .00 4823.33 4450.00 5_928.57 5081.33 64267
50 571.3% 147601 4B.77 602.53 722.33 735.56

TABLE 5.7k CLUSTER HEAHS AND STANDARD DEVIATIONS FOR EACH SENIDEGEMERATE (A:A::B:B}

FAGTORIAL CORDITION,
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Interpretation of the statistics in Tables 5.7a - 5.74 will
ba returned in . the section Clusters and Stimulus
Properties in Chapter & (Discussion).

. semidegenerate (A:B: tA:B)} Forced Choice Geomatric Analogy
. Cluster Selutions o '

The specification of two through to seven maximum clusters
produced a one ocluster solutien. Howevar, the
specification of eight and ten maximum clusters proved to
' 'be oxitiocal. Table 5.8a shows brief summary statistics for
the cluster solutions generated at these specified maximum

cluster lavels.

The two clugter golution generated by specifying a maximum
of eight initial cluster seads is exactly replicated when a
maximum of nine initial seeds is specified. However, the
specification of a maximum of ten inikial cluster seads
lsads to a mnew two cluster sclution through an adjustment
of cluster membership, with three members moving from
cluster 1 +o cluster 2 and the effeocts of increasing the

" centroid distance, modifying variable means (general
increase) and standard deviations (generally smaller). The
two cluster solution generated by specifying a maxlmum of
ten  initial cluster seeds is ewactly replicated through the
two solutions obtained by sp:ifving a wmaximum of eleven
and twelve initial cluster seeds.

However, with the specification of a further, thirteenth,
waximam initial ecluster seed, the algorithm re-establishes
exactly the same solution obtained by the specification of..
a mnaximum of eight dinitial cluster seeds, and this is
retained exactly through the zolutions produced. by .
gpecifying a maximum of fourteen through to twenty initial
glugter seeds.




AHOVA PADFILES BY CLUSTER FOR SENIDESEWERATE {AcAz:R:B) GEOMETRIC ARALGSY DAYA SET |

KEY: CUE - CUE COMBITION (ZERO ve TW) (K = 2)
ELERENT = MUMPEH OF ELEKEHTS PER TESK {¥ = 3)
TRANS = RUNBER OF TRANSORMATIONS BETWEER TEANS (§ = 2)

LEYELS OF SIGHIFICANCE; p A= J05% p L= O1%;
g L= DI p g . 0O0]FRRE

] .

SOURCE OF YARXANCE CLUSTER 1 CLUSTER 2 _ CLUSTER 3
(v} by {p}

tue 0,0001 %% 0.000 0.0178%

ELERERT ' 0,000 ¥4 0.0001#kw 0.0085%*

TRANS 0,000 *es 0.000) %ienx 0.003g%#

CUE % ELEKENT 0.0025% 0.0237% 0.3348

CUE * TRARS 0.0138% 0.1268 0.0701

ELENENT * TRANS 0.0025%% . .0004w 0.0z33%

CUE * ELERENT * THARS 0.6920 JuA1lh 0. 6024

‘TABLE 5.7c  ANOVA PAOFILES BY CLUSTERS FEOR $ENIDEGERERATE (A:A: :B:B) GEOKETAIC ARALDBY

RESPDNSE TIKE DATA SET.
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A%0VA CONTRAST &Y CLUSTER FOR SEHIDEGEHERATE {A:zB::B:B) BEOKEFHIC ANALDGY
) DATA 5ET ' '

KEY ;  CUE = CUE COKDXVION (ZERD wz TMD ) (N = 2}
ELEKEHT = HUNBER OF ELEMENES PER TERM (H-» 3)
TRANE = KUMBER OF TRANSFORNATIONS DETREEN YERNS [H w 2)

LEVELS OF SIGNIFICANCE; p <o .05% p <= .0I%%
' : p 2= J00LMEH; D o OOOLRERE

SOURCE OF YARIAKCE GLUSTER 1 CLUSTER 2 CLUSTER 3
' - (pl () N (e}
CUE 1 vs CUE 2 . 0.0003%%8% 0.000 %% - 0,0175*
ELEHENT 1 vs ELENEAT 2 0.000L%%* 0.0003#5#% 0.0793
SLEWENT 1 vs ELEMENT 3 0,0001w»#e 0.0001x%4x 0.0045%%
ELEHERT 2 vs ELENENT 3 G.0001%a%  ° 00D3*w* 0.3059
TRANS 1 vs TAANS 2 0,000 0,000 8% 0.0039%%

© TABLE 5.7d ANOYA CORTRASTS 8Y CEUSTERS FOR SEKIDEGENEAATE (AzA::8:B) GEDKETRIL AHALOGY

RESPONSE TIKE DAYA SET.
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CRITICAL CLUSTER SOLUTIONS WITH DELETEs .OPTION FOR SENIDESEXERATE (A:Bz:A:8) GEUXEVAIC ANALOGY
ITENS

-

NAXC = CLUSTER FREQUEMCY RHS STD  KAXTHUX DISTANCE FROM KEARESI CENTADIC  PSEUCO

WUNBER | OEYTATION  SEED TO OBSERYATION LLUSTER OISTANEE £
B 1 § 18193 98657 2 W73 59.68
2 S 6064 s2015 1 7
10 1 3 na 7379.8 2 1962 %044
2 ST 68t . 1 13862

TABLE 5.8a SUNBARY OF CRITIZAL CLUSTER SOLUTIONS WITH DELETE= OPTION FOR SENIDEEEXERATE

[AB::Ara) GEQYETRIC AYALOBY TiEWS.

LT
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Having accepted a +two cluster solution, it was orcée again
nacesgary to establish which two cluster solution was the
most representative of the solutions produced by the
clustering algorithm; that generated by spacifying a
maximum of eight initial cluster saeds or that genersted by
'specifying ten. Again, magnitude of the psaudo P statistic
waz adopted as the oriterion for deciding the ‘'best®
golution.  In this ozse the two dlustar solution provided
by specifying a maximum of ten initial cluster szeeds yields
the higher pseudo F. statistic (90.46) and on this basis
will  be adopted as the most représantative of the soliutions
provided by the clustering algorithm, '

Upon . aleser  examination of this sclution it bacomes
apparent that a wvery clear basis egists for a two olustar
structure within the data set. Table 5.8b sets out ocluster
means and oluster solutions for both clusters. As was the
case when examining the Degenerate forced cucice geometric
analogy two oluster solution, most notloeakle ig the
fundamental distinction between a “fast" cluster (2) and a
tglowd aluster (1. Again, albeit that the partition im
explicit, there 1s 1little other evidence to indicute
whether the +twe c¢lugters are merely a reflecticon of
diffarances in the wspeed of task parformance alohe, or
whaether there are other, deeper Iinformation processing
gonstralnts supporting this cluster struchkure. -

Given that direct between group analysis with aonventional’
statistice iz dinadvisable and invalid, for the reasons
praviously outlined, once again, the problem of examining
and  interprating the foundatlon for cluster solution
appears to be less quantitative and more gualitative on a
within cluster basis. Consaquently;' the strategy will
again be to restrict analysis to qualitative within cluster
analysis using the same ANOVA, CONTRAST and  PROFILE
progeduras as  those applied to the Degeneratea and
semidegenerate (ArA::B:B) reackion time data  sets
partitioned on cluster membership of each ochject (subjeqt}.'
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CLUSTER ~E HEARS AHD STANDARD DEYIATIONS BY cONDITION

' 560 = SEXIOEGENERATE {A:B::A:B} SOLUTION TINE ZERCG CUE CONDITION,
$8Z w SENIDEGERERATE [A:B::A:E) SOLUTION TI#E Tiﬂ CUE COXDITION.
. 1E w } ELEMENT, 2E = 2 ELEHEKTS, 3E - 3 ELEMENTS.
AT « L TRANSFORHATION, 3T = 3 TRAHSFORMATIDAZ.

SADLELT  SBO1EAT - SBAREIT . SBOZEST SBRIE1T $B03EAT

OHDTITION

EAR 5837.3 686B.7 Gz212.7 4152, - 9067.7 10236.0
' 50 - 1072.08 1518.28 Bi5.46 485.55 1043.72 1114.06

OHOLTIOH $B21ELT  SB21E3T  §B22617  SB22EdY SBRIELY 8923E3Y
. EAN 4801.0 5707.7 §118.0 7186.0 5099.3 8135.0

2 779.48  1470.34 1212.44 1585.38 §57.75 1293.12

TABLE 5.Bb

CLUSTER HEAS AND STANDARD DEVIATIONS FOR EACh SENIGERERATE (A:B::A1B} FACTORIAL

COHDITIOR.
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CLUSTER 2 NEAHS AND STADARD UEVIATIONS BY CONDITIOR

KEYy $BO = SEKIDESEHERATE (A:8::A:B) SOLUTION TIAE ZERO GUE CONDITIDN.

§62 » SERTORGENERATE (A:d:cA:B} SOLUTION TIHE 7¢O CUE CONDITIOH.
1€ = 1 ELEMENT, 26 » 2 ELERENTS 3E » 3 ELENENTS.
17 = 1 TAAHSFORKATION, 3 T = 3 TRANSFOAMATIONS.

SBOLE1Y  SBO1EAT SBD?.EI% SBO2ET SBO3ELT SBO3EAT

CONDITION

M 2637.2  3190.9 2878 40077 34048 5LE8S

D 483.17  BZ7.60  533.70  940.90  G86.45  1265.60

CONDITTON  SB21ELT  SBZIERY  SB22E1T  SB22EIT  SBZAELT  SBZ3E3F

EAH 1806.1  2415.6 230,01 3317 2625.0  3IN0V.6

) 403.51  6A3.36  430.71  HBT.87  512.89 G47.53

TABLE 5.8%  CLUSTER KEANS AKD STANDARD DEVIATIOKS FOR EACH SENIOEGENERATE (A:B:sA:zB)

FACTORIAL COHDITIOR.
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Accordingly, Tabkle 5.8c sets out a summary of ANOVA
profiles for *the two oluster membership defined by the

adopte@ cluster solution, whilst Table 5.84 contains a

summary of CONTRAST and FROFILE outputs for each cluster.

Interpretation of the statlstics in Tables 5.8a - 5.84 will
. be returned to in the section Clusters and Stimlus
Properties in Chapter 6 (Discussion). '

Nondegenerate Forced Choice Geometric analogy Cluster
Solutions :

The specification of two and three maximum <¢lusters
. ‘produced a one ocluster solution, _ However, the
specification of four and eight maximum clusters proved to
be oritical, Table 5.%a shows brief summary statistios for
the cluster solutions generated at these specified maximum
clustar levels. '

The three ocluster solutien generated by specifying a
maximum of four initlal cluster seads 1s exactly repllcated
when a maximum of five through to seven initicl seeds is
specified. However, the specification of a maximum of
eight initial oluster seeds leads to a new three cluster
solution through an adjustﬁent of ocluster membership, with
ong merber moving fram cluster 2 to cluster 1 and the
effects of marginally increasing the centroid distance,
nodifying - variable means (ganeral lowering) and standard
deviations (generally blgger), The three cluster solution
generated by specifying a maximum of eight initial cluster
seads is exactly replicated in the two cluster solutions
ovktained by specifying a maximum of nina, and ten initial
cluster seeds. '

However, with the speoification of a further, eleventh,

maximum - initial cluster seed, the algorithm re-establishes
exactly *the .same solution obtained by the speclfication
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ARQYA PROFILES BY CLUSTER FoR SENTUEGENERATE (A:Bz:A:B} GEOMETRIC ANALOBY OATA SET

KEY;  GUE = CIE CONDITION {ZERD ve THO) (K = 2}
ELENERT = HUMBER OF ELEMEWTS PER TERW (¥=3)
TRANG = NUKGER OF TRANSFSmPLTIONS BETWEEN TERKS (4 ~ 2}

LEVELS OF SIGNIFICAKCE; p <= .06%; p <= .01%%

p 4w LQOL#RRT p e BODIRR

SOLAGE OF VARTANCE CLUSTER & \. u8TEE ‘
c ' ' {p} ' {n}
ﬁuz ’ 0.0038%% - 0.00D]#*x
" | evenent 0.0171% | 0.00014we
TRANS 0.0235% £.0001 =
CUE * ELENENT 0.0851 ' 0.0001#wx%
CUE * TRANS 0.7431 00005
ELEHENT * TRANS 0.0520 0.0004+e#x
CUE * ELEKERT * TRAXS 0.1209 0.0001Feex

TABLE 5.Bc  ANOYA PROFILES BY CLUSTERS FOR SEMIDEGENERATE (A:f r2AtB) GEDKETRIC ANALNGY

RESPGHSE TIKE DATA.
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AHOYA CORTRAST 8Y CLUSTER FOR SENIDEGEXERATE (A:B::A:6) GEONETRIT ANALOGY DATA SET

REY:  CUE = CUE CONGITEON {ZEROD vs TWO) (X = 2)
ELENENT = HUNBER OF ELEWENTS PER TERK (W=3) -~
TRANS = RUNBER OF TRAHSFORNATIONS BETWEEN TERNS (R « 2)

LEVELS OF SIGRIFIGANCE: p 2= .05% p <= 01

p <x 00NN g e 0DOLwERE

SOURCE OF YARTANCE CLOSTER | ] ELUSTER 2

n (»)
CUE 1 vs CUE % 0. 00354 ' 0.0001#esx
ELEREYT 1 ve ELEKENT 2 f.0504 0.0001 ¥4+
ELEMENT 1 ve ELEHERT 3 . 1.0664 ' ) 0.0001%xx
ELENENT 2 vs ELENENT 3 ' 0.0778 D.0001%%x%
TRAKS 1 va TRANS 2 . 0.0235% : 0.0001 e

* TABLE 5.9d  AHOVA CONTRASTS BY GLUSTLTS FOA SEWIDEGERERATE (A:B::A:8) GEOHETAIC ANALBGY

RESPONSE TINE DATA SET.
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CRI.TII:AL CLUSTER SOLBTIGNS WITH DELETE= DPTION FOR NOKDESEMERATI GEQRETRIC ANALOEY ITEﬁS

XAXG ~  GLUSTER  FAEQUENCY _ RXS STD  XAXTAUX DISTAXCE FHOX YEAREST CENIRGID  PSEVOC

YUNBER DEVIATION SEEQ TO QBSERYATION CLUSTER DISTANGE F
5 1 i as.1 79455 2 8304.7 65.40
2 2 547.7 © 5016.2 1 8304.7
k| 5 1600.5 §1866.3 1 13328.7
2 3 k] 815.5 a386.4 2 B341.0 59.27
2 23 . BI85 5140.2 1 8341.0
3 © 5 1600.5 ©12500.4 t 19546.2

TABLE 5.9a  SUNMARY OF CRYTICAL CLUSTER SDLUTIONS ¥WiTH DELETE=. opTION Fok AONCEGENERATE

GEONETRIC AMALOGY ITENS.

247




of - & maximum of four initial cluster seeds, and this is
retained exactly through the solutions produced by
specifying & maximum of twelve through to twenty initial

 cluster seeds.

Having accepted a three cluster solution, it was once again
necessary +to establish which three clugter solutien was the
most  representative of the solutionr provided by the
clustering algorithm; that generated hy specifying a
maximum of four initial cluster seeds or that generated by

specifying - ejght. Again, +the maghitude of the pseudo ¥
statistic was adopted as the criterion for deciding the
"bast! solution. In the present case the three cluster

solution provided by specifying a maximum of four initial
cluster seeds yields a slightly higher psetide F statigtic
(65.40} and on this basls will be adopted as the most
‘representative of the solutions provided by the elustering
algoxithn.

Table 5.3k sets out cluster means and cluster solutions for
each of +tha three clusters, Again, albeit that the
partitioning is explicit, there is little other evidence to
indicate whather tha thres olusters are merely a reflection
of - diffefences in the speed of task parformanhce zlone, or
whether there are other, deeper information provessing
constraints supportihg this cluster structure.

Given that direct batween group analysis with conventional

statistice is inadvisable and invelid, for the reasons
previously outlined, once ‘again, the preblem of examining
and interpreting the foundation for cluster solution
appears to be less guantitative and more gualitative on a
within cluster basis. Consequently, analysis is restricted

to gualitative within oluster analysls using the sane
ANOVA, CONTRAST and PROFILE procedures as those applied to

the Degenerakea, amd both Semidegenerate reaction time daca
sets paﬁtitioned on cluster membership of each: object

(sﬁbjeot). :
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CLUSTER % MEANS AND STAKDARD DEVIATIORE BY CORDITICH

KEY; NSO » NOMDEGEMERATE SOLUTION TIKE ZERG GUE COKDLTION.
¥S2 = NOHUEGERERATE SOLUTION TIHE THO GUE CONOITION.
1€ w I ELENENT, 2E = 2 ELENENTS, 3£ = 3 ELEKENTS.

1T w 1 TRAKSFORMATION, 27 = 2 TRANSFORMATIONS, T = 3 TRANSFORMATIONS.

¢ EORDITION  WSOIEIT  RSGRE2T  NSGIEST  WOSZEAT  NSO2ERT  WSBLET
EM 01,7 65A0.3  SASK.Y  SM4B.0 626135 7905.3

. - o 702,86  509.51 B51.20  6U0.76  B&5.06  g64.02

ONDITION HSBIEIT  NSO3E2T  NSOJEAT . NSUELY  ysmET NS21E3T
EAR 5097.8 BO29.25 9140.95  2163.2 2851.75 3697.3

] 71483 1159.60 T61.46 614 .66 626.3 782.55 .

CﬂHDITiDH HS22E1T HSZ:EEZT. HSZZEST HS23E1T ~ NSZ3E2T 'HSZSH.'T:
tsﬁu 30640 3628.4  4B47.65 31355 4407.85  §529.7

0 401 .88 BOG .66 953.39 728.06 1120.21 B24.50

TABLE 5.9h  CLUSTER KEANS AND STAMDARD DEVIATIONS FOR EACH HORDEGENERATE FACTORTAL

CORDITION.
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CLUSTER 2 MEAHS AND STANDARD DEVIATIONS BY COMDITION

KEY HSO « NONDEGEMERATE SOLUTION TINE ZERD CUE.BWIIUITIDM.
#52 = RONDEEENERATE SCLUTION TYINE THO CUE CORDITIGK.
1E - 1 ELENENT, 26 = 2 ELENENTS, 4E = 3 ELENEXTS,

1T = 1 TRANSFORKATION, 2T = 2 TRARSFORKATFONS, 37 « 3 TRANSFORNATIONS.

.

) COKDITION KSALELT HSCiE2T NSQIEAT "SDZEIT NEG2E2T NS02EIT
e 2091.5 333,55  403L.25 428285  A76O.0  5446.7

5D §11.25 415,85 676.75 Mb;.ET §69.77 1007.39

) ~
CONGITION KSO3EIT  MSOJIE2T  NDS3IEAT HS2LEIT  KS21E2T  HS21E3Y
I:EP-H 4068.85  51i2.4 6342.15 1B68.15 2152.05 3153.0
D §89.14 . 771.28 1297.04 499.33 540.95 451.32

CONDTITON  KS22ELT  .JE2T  WS22EAT  NSZ3ELT  NS23EZT  NS23EaT i
KEAN 2667.25  3030.0  3B20.45  2835.1  3507.65  A297.35

30 386.41 916,44 58591 525.73 5B4.1B 502.85

TABLE 5.9k CLiUBTER KEANS AND STANDARD DEVIATIONS FOR EACH NONDEGENERATE FACTORIAL

CORDETION .
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CU!STEI_I I NEANS AHD STANOARD DEVIATIONS BY COﬂD’ITIﬂH
KEY; NS0 = ROWDEGERERATE SGLUTID YIE ZERD CUE CONOTTION,
. K52 = KONBEGENERATE SOLUTION TIKE YWD CII.IE CONDITYOH.

$E = 1 ELEMERY, 2€ « 2 ELEHEH'{S, 3E = 3 ELEI‘-ENTS.

1T w1 TRRES‘FURH&TIﬂH, 2T « 2 TRANSFORHATIONS, 37 = 3 TRANZFORNATIONS.

CORGITION HS01EIT KSO1E2T  NOBLE3T HS02E1T NOS2E2T HS6ZE3T
K KEAR G027.8 7124.1 §i36.1 6077.4% 9226.4 . 12031.3

] 1982.9 2208.33 1768.91  1.25.11  1358.7 113256

LONDITION  HSO3ELT  NSOSE2T  HSO3EHT  HSZIELT  ¥SZ1E2Y HS21£3T

HEAK 9563.1  11871.1  13646.3  A515.6  5355.5 5932.1

R 2806.06 S586.61 1445.27  1552.27  1BBR.¥7 173171

CORDITION  WSZ2EIT  WSZ2E2T  NS22E3T  WSZOELT  HS23ERT  HN23E3T
HEAA S073.4 5705.9  5405.4  Gf22.0  7834.8 99764

&0 - 1754.50 1323.55 OT62.77  2670,00 1204.23  1120.85

TABLE §.8k  CLUSTER MEANS AHD STANOARD DEVIATIONS FOR EACH NONDEGERERATE FACTORIAL
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Accordingly, Table 5.%¢ sets out a summary of ANOVA
profiles for the three cluster membership defined by the
adopted ocluster solution, whilst Table 5.94 contains a
sunmAary of COHTRAST and PROFILE outputs'for each cluster,

Interpretati-n of the statistlice in Tables 5.9a — 5.9d will
be returned .o in +the section, Clusters and Stimulus
Propexties in Chapter 6 (Discussicn). ' ' '

Finally, 4in order to establish whether the basis gor
clustering has been presoribed by some other partitioning
vériahle, a serjes of nonparametric fests were conducted on
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 that only {three}
subjects (5%} were recorded as being predominantly left
handed.

For the Degenerate twe cluster sclution, a binomial two
tail test falled to reveal a significant association
between cluster membership and gendar at the 10 per cent
significance lewel. = Purthermore, neither the association
between cluster membership and subjective item complexity
code group, nor that between ocluster membership und
subjective strategy ocode 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 +ail test failed to raveal a significant
association between cluster membership and gender at the 10
per cent significance level. Similarly, chi-squared tests
of association between ocluster membership and subjective
item complexity ocode grdug, and between gluster memdership
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. AHOYA PROFILES BY CLUSTER FOR HORDEGENERATE BEOMETRIC EN'HLDE\'_ DATA SET

KEY;  CUE = CUE GONDITION (ZERO ve TvO) (h=2)
ELENENT - WUMBER OF ELEMERYS PER .TERH {4 =23)

TRARS = HUHBE’H OF TRARSFORMATIONS HET'HEEH_ !Eﬂﬁs (4=3)

LEYELS OF STRRTFICANCE; p <= .05%; p <= .01%%;

p 4w DOL*¥; p £ D00 HR*E

SOURCE OF VARTANCE CLUSTER 1 CLUSTER 2 ' CLUSTER 3

(p) {») (p)
 cue ' D.000) e 0000} M+ 00001
ELEMERT n.numﬂ?m 0. D0g w 0.b00eeRE
TRANS _ 000014445 0, 0001 %% 0.0001 ke
CUE * ELERERY D.0081 %k 0.00g7%sH 0.0011%*
CUE # TRANS D001 " p.bOD e 0,0022%%
ELEHENT * TRAMS 0.0Dg e 0.0001%#%% 6.0380*

CUE * ELEMENT * TRANS L . LR e 0.1365

TABLE 5.95  AMOYA PROFILES BY CLUSTERS FOR HUHDEBEHER.A}TE GEDHETRIC RHALOGY RESPOYSE

TIKE DATA.
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ANOVA CONTRASY 8Y CLUSTER FOR NONDEGENERATE GEQNETRIC ANALOGY DATA SET

KEY;  GUE ~ GYE CONDITION {ZERD vs TwO) (N = 2}
ELERENT ~ WUNBER OF ELENENTS PER TEAM (=3}
TRANS = NUMBER Ur TRAWSFORMATIONS BETWEEN TERMS {8 ~ 2}

.

LEVELS OF SIGNIFICANCE; p ¢ - .05% p <= .0L%;

B €= LO01%FE; pow DQpLRee

| soumez oF VRIMCE  GLUSTER1 CLUSTER 2 | CLUSTER 3

) : (p) (p) _ {n

v oot vs CuE 2 0000 *wsx 0.0001%4%% _ 0.000L**we

’ ELENENT £ vs ELENERT 2° 0.0001%%#% 0.0001+%% 0,606+
ELEWENT 1 ve ELENEKT 3 0.0001#s 0.0001%%%% 0,008+
ELEHENT 2 vs ELENEHT 3 0.0001%%* 0.0001%ekE 0.0007#s
TRANS 1 vs TRARS 2 0.0001%wex 0.0001%%%x 0.0071%%
TRANS. 1 vs TRAHS 3 D. o0 0.0001 s D.0003*e*
TRAHS 2 v TRAKS 3 (.00 sk 0.0001 %k 0,0004%5%

+  TABLE 5.59d ANCYA CONTRASTS BY CLUSTEA FoR HUHDEEENEMTE GEOMETAIC AKALOGY RESPONSE TENE

DATA SET.
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‘and subjective strategy code group failed to reveal a
significant association at the 10 per cent level; though in
view of the number of cells with fregquenhcy couhts of less
than five, this latter anslysis may not be truly accurate.

For +the Semidegenerate (A:B::3:B} two cluster solution, a
binemial two tail test failed to reveal a significant
association between cluster nembership and gender at the 10
per cant significance level. Furthemmore, neither the
association between cluster membership and subjective item
complexity group, nor that between cluster membership and
subjective strategy code group was shown to be significant
at the 10 per cent significance lével, employing the same
nonparametric test. :

Lastly, for the Nondegenerate three o¢luster solution, a
binomlal two tail test failed to raeveal a significant
gsgociation between cluster me Larship and gender at the 10
per cent significance Leves. Similarly, chi-squared tests
of association between cluster mnewmbaxrshlp and subjective
item complexity code group, and between'cluster menmbarship
and subjective strategy oods group, failed to reveal a
significant association at the 10 per cent significance
level, though in view of the number of cells with frecmency
counts of lesas. than five, this latter analysis may not be
truly accurate.

In sum the partitioning wvariables of gender, subjective
item complexity and subjective strategy offer no
associative explanation for the basis of cluster membership
in any of the clustser esolutions relevant to the "four’
forcad choice geometric analogy types. '

Chapter Summary

This chapter has presented ap explanation of the raticnale
©swwperting the chdsen data analysis technigques emploved in
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the present research, together with brief eyxplanations of
the techniques themselves and the presentation of results
yvielded by these techn. ques.

An interpretation of +these results and a discussion of
their implications 1is coutained in the following chapter,
Chapter 6 (Discussion).
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CHAPTER 6
DIBCUSSION

Overview to Discussion of Results

In the section Overview to Data Anaiysis in chapter 5, it
was mentioned that analysis and subgeguant results emerging
from +the present research framework would be presented in
accordance with a number of related questions opncerning
the doncepts oentral to analogical reasoning, componential
analysis, mental workload, etc. '

consistent with this general approach to the presentation
of research findings, the xesults of these data analyses
will not be disoussed in terms of discorets “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
problemn solving.

The £lrst issue to be considered is that of stimulus
complexity. Arguably +this i1ssue represents the most
essantial factor in any experimental paradigm purporting to
address the issues of spatial cognition through judgements
about objects, shapes and their transformations. Tt will
he racvalled from Chapters 2 and 3 that much of the
equivocal nature of research f£indings in the orucilal areas
of analogical reasoning and mental workload nave hinged
upon  experimenters' a priori assignments of stimulus
properties along some arbitrary criterion/dimension of
veomplexity" (e.g., Sternberg, 1977; Mulholland et al.,
1980) .
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Conmeguently the analysle of data and the interpretation of
effects of stimulus complexity in the design of the present
research 1i& dealt with in the section Stimulus Complexity
and Task Performanoe later in this chaphter. '

gecondly, ‘the issues of experimental design, task demands,
individual differences and the opportunity for differential
task strategy, are all central teo the clarity with which
any result may be discussed and generalised. These issues
are dealt with in the section Task Structure and Solution
Strategy latex in this chapter. '

The combined outcomes of the disduesions of the stimulus
complexity and solution strategy iesuves are central to thea
overall interpretation of the present experiment's findings
on any wider sgale; for example, in terms of a theory about
analogical reasoning research, individual differences and
spatial cognition. This level of interpretation ls dealt
with in the section "Componential Anaiysis" Revisited
later in the chapter. i

The next +two issues to be addressed afe 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 ocontent on the basis of
subjective sgelf-reported golution strategles, and secondly,
the extent to which the oluster solytlion can be used to
account for patterng of true individual differences. These
two issues will be dealt with reapectively in the sections
Clusters and Stimulus Properties and Clusters and
Individual Differences later in this chaptér.

fhe sixth issua to be considered is that of major concern
of the presant research; the extent to which findinge from
an apparently stable cognitive phenomencn, geotetric
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analogy problem solving, oen offer insight inte the
influence of mental workload warlation on cognitive task
perfornance. This issue will ba dealt with in the section
componential Analysis and Mental Workload iater in this
chapter. '

The last issue to be considered is perhaps the broadest.

It was mentioned in Chapter 2 that although Sternberyg's
theory of analogical reasoping provided valuable insights
inte the nature of cognitive abilities, it has until now

‘been excluded from research designed to investigate the

goncept of mental workload. It is the contention of the
present research that BSternberg's research ocould well
provide wvaluable information regawding the natura of task
structure, Information which ocould =serve to enhance the
present undarstanding of the concept of mental workload. a4
development such as this ocould stand +o benefit future
research into the development of strategies fort reducing
the mental workload experienced by operators of automated
systeams. This speculation is dealt with in the section
Prospects for Conponential Analysis and Mental Workload
Research later in this chapter.

Stimulus Conplexity and Task Performance

In Chapters 3 and 4 it was noted +ihat central to the
componential interpretation of geometric analogy solution
iz +the hypothesis that a major indicator of item complexity
is the total time to =solve an item. However, Mulhelland at
al. {1980} state that their own wrational analysis of

geometric analogy items found on standardised intelligence

tegts indicated that item complexity was apparently related
to increases in both the number of elements per term and
the number of transformations between terms in an item.
This observation suggests +that item oomplexity can be
expressged in terms of faulty processing that may result
from either ~ (oxr both) ‘ihdorrest element or (and)
transformation identifigation and testing. -

»
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Sternberyg (1977), in his pioneering investlgation of forced

choice geometric analogy =solution, canaidered the amount of
. precueing information - supplied to subjects te be a major
index of item oonplexity. 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. Furthemmore, it was contendeg
that amploying such a precuelng ﬁfccedure would faoilitete
the manipulation of task cpenness (uncertainty), with the
‘amount- of presizing information supplied keing indirectly
proportional te the degree of task openness; i.e,, the more
. oues provided, the less the degree of task openness.

The present study combines certain assumptions regaxding
item 'aomplexity from the research of both Sternbarg (1977)
and DMulholland et al. (19806), i.e., that geometric analogy
item complexity is related te the amount of pracueing
information supplied to subjects, the number of alements
pexr term of an item and the number of transformations
between terms of an item.

In +the present experiment, +the definition of i.em
complexity was dependent upon geometric analegy type. TFor
Degenerate ltems, oompléxity was defined in terms of cue
condition (zers. or two) and nunbar of elements per term

{one, two or three}, for Semidegenerate Iltems (both-

variations, i.e., A:A::B:E and A:B::A:B8) and Nondagenerate
items, complexity was defined in terms of oue conditlon
(zero or two), number of elements per term {one, two or
three) and number of transformatlons between terms (one or
three for bhoth variations of the Senldegenérate items, and
one, two or three for the Nondegenerate items).

The incorporetion of these dimensions of item complexity

‘into ‘the design of the present expériment provides one
obvious method ef assessing the stimulus complexity effect,
through direct parametric analysis of response time;
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seeking wain effects  and intermotiens related to these
dimensions. In addition, the inclusion of pre and
post-test subjective rankings of item complexity provides
an opporktunity to further examine the relationship between
conplexity and other experimental factors, for exaumple,
analogy format.

The stimulus compléxiﬁy issue will be considerad separately
for aach of the geometric analogy types.

Stimulus Complexity and Degenerate Geometric Analogy Task

Pexrformance
. Table 5.2&2 (page 188) shows that in analysis of variance
for the Degenerate geometric analogy factorial data set,
gtrong, significant main effects for oue ocondition and
nwkber of elements per term are prasert in the data. Table
5.3a (page 180) shows +that single degree of fraedom
gontrasts betweén 'ocue eonditions, and betwean number of
elaments per  term identify gignificant differences between
each pair comparison, whilst = superficial scan of the
means set out in Takle B.la (page 180) will indiecate that,
in general, solution +times for ltems presented in the two
oue ocondition were faster than solution times for items
presented in the zero cue condition, and that an inoreasa
in ths numher of elements per term was directly
proportional to an increase in solution time for items
presanted in botn precueing conditions. '

These effests ocorrespond with expactstions based on the
axperimental assumptions of item complexity highlighted in
the sectlon Overview to Discussion of Results earlier in
this ochapter. In addition, they are in accordance with the
assumptions of beth Sternberg (1577) and Mulhelland et al.,
{1980) regarding geometric analogy item aamﬁlexity.

_ :
 Moreover, Table 5.2a (pege 186} - shows a strongly
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significant interaction between cue condition and number of
elements pex term, indicating that the effects of number of
elements per +term vary significantly acrows cue condition.
In faot, the means presented in Table 35.la (page 180)
indicate that for each slament variation solution times for
items presentad in the two cue conditimn were Faster than
solution times for items presented in the gero cue
condition. Again, these findings are consistent with the
experimental assumptions of item complexity.

Stimulus Conmplexity and Semidegenerate  (A:A:iB:B)
Geometric Analogy Task Performance

Table 5.3b (page 187) indicates that in analysis of
variance for the GSemidegenerate _(A:Aﬁ:B:B) geometrila
analogy factorial data set, strong, aignificant main
effects for ocue condition, number of elements per term and
numbex of transformations between terms axe present in the
data. ‘Tabie 6.3b (page 191) shows that single degree of
freedom contrasts between cue conditions, between number of
elements pex 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 L181) will indicate that in general,
solution #imes for items presented in the two cue condition
were faster +than solution times for items presented in the
zero cue condition. Mgually important, is that number of
transformations  between  terms, rather than nunber . of
elements per term, appearad to be the major determinant of
solution time for items presented in both zers and two cue
conditions. While an increase in the number of alewments
per term resulted in an inerease in sclotion tine; a
corresponding increase in the number of transformations
between terms was shown to have a more significant
influense on solution +time. Apparently evaluatlon of
transformations took more time than did element analysis
and  was the primary scurce of inoreases in solution time.
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This finding 1is consistant with that of Mulholland et &l.
(1980} .

Moreover, Table 5.2b (page 187) shows a strongly
significant interaction between cue condition and number of
elements per term, cue condition and nhuwber of
transformations between texms, and betwesn number of
elements per term and number of transformations between
terms. In fast; the mneans presanted in Table 5,1b (pagas
181, indloate that for . each element variation and-
similtanecus transformation wvariation, solution times <or .
items presanted ‘in the two cue condition were consistently
faster than solution times for itefis presentad in the zarc
oue . condition. In addition, it is evident that the effects
of number 'qf' elements per term vary significantly across
variations in number of transformations batween terxms.
Thesé findings are consistent with those of both Sternberg
{1977} and Mulholland et al. (1980).

stimulus Complexity and Semidegenerate  (A:B::A:B)
Geometric Analogy Task Performance '

Table 5.2c (page 188) indicakes that in analysis of
variance for the Semidegenerate (A:B;::A:B) geometrio
analogy  factorial data set, strong, sighificant main -
effects for cue condition, number of elements per term and
numbar of transformations hetween terms are present in the
data. Table &.3¢ (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 comparison, whilst a superficial scan of the means set
out in Table 5.lc (page 18#2) will indicate that in gensral,
solution times for ltems presented in the two cue condition
were = fastar than solution times for items presentad in the
geros ocue condition. Furthermore, as was found when
examining thé meah soluticn times for the Bemidegenerate
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(A:Aa::B:B) items, number of transformations between terms,
rather than number of element per term, appeared to be the
' major determinant of soiution time For items presented in
both ocue conditions, Whila an inorease in the numbexr of
elements per term resulted in an increase in solution time,
a correspofiding increase in the number of transformations
hetween term was found to have a more significant influence
on solutlon time. As was the case with the Semidegenerate
(A:A: BB} items, evaluatlon of transformations appeared to
take more +time then did ealement analysis and was the

primary source of inoreases in sclution tinmes. Again, ‘this
finding is consistent with +that of Mulholland et al.
(1980) . i

‘Mereover, Table b5.2c (page 188) . shows a strongly
glgnificant interaction between cue condition and number of
elements per  term, cue oondition and numbar of
transformations between terms, number of elements per term
and number of transformations between terms. 1In 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 twe cue
condition were consistently faster than for items presented
in %the sero cue oondition. 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 transformaticns between terms,
Again, these findings are c¢onsistent with those of both
Sternberg (1277) and Mulholland et al. {1980}.

stimulus CQmplaxity and Nondegenerats GCeometric Anszlogy
‘Pask Performance

Table 5.28 (page 182) indicates that in analysis of
varlance for the Nondegenarate geometric ahalogy Ffactoirial
data  set, strong, significant main effects for oue
condition, number of elements per term and number of
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transformations hetween terms are present in the data.
Table 5.3d (page 193) shows that single degree of freedom
contrasts between ocue - conditions, between number of
elements per +term, and between number of transformations
between terms identify significant differences between each
palr comparison, whilst a superfiéial scan of the means set
out in Table 5.14 (payge 183) will incicate that in general,
solution times for items pres‘eﬁted in the two cue condition
were fagter than solutlon times Ffor items presented in the
zare cue oconditlen. Moreover, as was found when examining
the mean solution times for the Semidegenerate (A1A! tB1B)
and Semidegenarata (A:BizA:B) jitems,  number of
transformations between terms, rather thﬁn nunbar of
elements per term, appear +to be the major determinant of
solution time for items_présented in both cne conditions.
While an dncrease in the number of elaements per term
resulted in an increase in solution time, a correspending
inorease in the number of transformations between tarms was
found +to have a more significant influence on solution
time. = As was the ocase with both Semidegenerate (A:A;:B:B)
and Semidegenerate (AIB:1A:B) analogy types, evaluation of
transformations appeared to take mor : time than did element
analysis and was the primary eource of increases in
solution time. Again, this finding is consistent with that
of Mulholland et al., (1980).

In addition, Table 5.2d (page 139} showsz a strongly

significant interaction between cneé condition and number of
elaments per term, cue condition and number of
transformations between terms, number of elements per term
and humber of transformations between terms and ketwaan cue
condition, number of elements per term and number of

transformations  betwsen  terms. In fact, the means
presented in Table 5.1d (page 183) indicate that for each
element variation and corraesponding  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 owe condition. . Moreover,
as was the oase wlith both Semidegenerate {(A:A::B:B} and
Senidegenerate (A:B::A:B) analogy types, the eaffects of
‘number of elements per term chanded significantly across
variations in the number of transformatioms between terms.
Again, these findings are conslstent with those of both
 Sternberg (1977) and Mulholland et al. (1980).

The presencae of the effects identified for each analogy
-type doss not, hoﬁevar, act as their full explanation. Aan
appropriate supplementary question should be the extent to
which these effacts are consistent for all subjects in this
GOmparatively large group. Indeed Is stimulus complexity a
unl.form phenonencn?

It will be recalled from Cchapters 4 and 5 that subjects
were asked to subjectively wank four forced choice
geometric analogy dtewms (one from each of the experimental
analogy tyﬁes). in order of complexity, - firstly befora
exposure to the experimental task and again the) eafter.
. The assumption 4is that any changes in complexity ranking
will reflect a modification of +the subject's complexity
criteria because of their exposure to the experimental task
demands. - This procedure provides the opportunity to
investigate the previously unexplored ralaticnship between
item complexity and item format. ' :

Table 5.4 . (page 195) sets out subjects' rankings. Of
particular significance is that only five of the potertial
sixty-four orderings emerge and the freguency of their
distrilation is non random. An examination of the neans
set out in Tables B5.la through to 5.1d indicates that in
general subjects responded to Sgemidegenerate items (both
ArA::B:B and A:B;:A;B variations) faster than Nondegenerate
items, and +o Degenerate items faster than both variations
of ISemideganarate items. In addition, response times for
Semidegenerate (A:A::B:B) items were faster than those for

-
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Semideganerate (A:B!:A:iB) items. OFf interest also is the
coincidence of ranked complaxity judgements with the effect
noted above. In Table 5.4, with rank 1 given to the least
complex item and rank 4 to the most complex, a Degenerata
(B} < Semidegenerate (A:A::B:B) (D) < Semidegenerate
(A:B3:A:B} (A) < Nondegenerate (C) order would be egual to
an A = 3}_ B =1, C= 4, D=2 ranking sek (3142). This
order is strongest in’ Grouwp ‘1 (N = 31) hut only as a
post-test judgement.

The 33142 order features in each of the remaining code
groups, @Group 2 (N = 18), however, adopt this subjéctive
criteria pretast and maintain'it,' In groups 3 (N = 8), 4
(N = 4) and 5 (N = 1) tha 3142 order is present only as a
post-test judgement, indicating an adjustment in judgement
criteria following exposure to task demands.

on an interpretive level, _bomplexity code qréups 1 {N =
31), 3 (N = &), 4 (N=4) and 5 (N = 1) indicate a shift
from pre to post-test judgements. As noted previously in
this section, this indicates an adjustment in judgement
criteria for each of these cade groups, following exposure
te task demands, It is, however, beyorid the scope of this
study, given its ekploratory nature, to attempt an
explanation of these adjustments.

0f significance to the present research is the presence of
the 3142 order as a post-test judgement for each of the
complexity c¢ode groups. on this basia, the least complex
post-test item is Judged as the Degenerate item. In
addition, the consistent 3142 post~test order indicates
that subjects rankad the Semidegenarate (a: 11818} item as
baing less complex than the Semidegenerste (A:sB::A:B)
itew. Since both Senidegenerate items comprised the same
nmumber of elements per +term, and transformations betwean
terms, and given that they wers both presented in the zero
cue ocondition, it is ocontended that in addition to the

r
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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
facter.

Finally, the most complex - item is 'jﬁdgéd ag the
Nondegenerate item. Given that the Nondegensrate item
" conprised the same nuuber of elements and transformations,
and was 'ﬁrESented in the same préoueing condition as tha
“two Semidegenarate items, provides support to the
contention +that item format 1s =& comtributing factor to
subjective iten complexity. .

*

In general, the stimulus complexity effacts identified for
.each of the foroed choice geometric analogy types support

the experimental assumptions that forced cheoice geometric
analogy item  complexity is related to the amount of
precueing information supplied, the number of elements per
term and the number of transformations between terms.
Moreovar, the subjective complexity ranking procedure
adopted, and the results therecf, presentad in Table 5.4
(page 195), suggest that irrespective of their approach to
task demands, +the basis for subjective item complexity is
uniform for all subjects.
It was ocontended in the section Soluticn Strategy and the
Experimental Task in Chapter 5, that appealing to
subjects! post hea introspective reports could providas
valuable insights into +the extent to which variations in
the demand characteristics of forced ohoice geometria
" analogy items influence the ordar of execution of the
cognitive  components (proposed by Sternbery (1977) as
- being) 1involved in geometric analogy solution. Complexity
code groups were thus used as the basis- for post hoec
partitioning of the performance data pertaining to each of
the geometxic analogy ‘types, to determine whether
subjective complexity - code offered an associative

Fl
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explanation for the basis of subjective strategy cede group
membexrship. This dissue will be reviewed In the section
Task  Structure and Solution Strategy next in. thi=
chapter. '

Task Structure and Solution Stfategy

It was noted In the section Alms of the Present research
in Chapter 4 +that this study aims to investigate the
generalisability of  the cognitive component  models
desoribed by Stavnberg (1977) as best defining task
performance on koo 'egenerate  forced choios geonatric
analogy items=s. Speaifically, whetHer meaningful intra and
interindividual variations are apparent, and if so whether
such variatione ocould 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 propbsa modelé, haged on
subjectst post hoc introspective reports, that best define
task performance on Degenerate and Semidegenerate forced
chaice geometrie analoﬁies, 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 wiil be recalled £from the saction_Procedﬁre
in CcChapter 4 +that all subjects taking part in the present
research were-initially screened to ensure that they had ne
¥nowledge of cognitive psychology aexperimental proceduras
in general and cognitive -components theory and ‘mental
workload research in particwlar. All subjects may thus be
thought of asg being research naive in the trué sense. This
is in ocontrast to much of the published research into
analogical problam solving, which often presents data

derived from swmall numbers of hypothetis sophisticated or

289 .




resgarch  sophisticated subjects (see the section The
Research Design of Stermberg’s (1977) Geometric Analogy
Experiment, and its Relevance to the Present Research in
Chapter 4). ' '

Seéondly, cantrolled use of experimental instructions was
enforced . to avoid implicit strategy priming and response
get creation.  This is a ﬁajnr contrast to the research
procedures of Sternberg {1277)° and Mulholland et al.

. (1980), where prior exposure to, and performance on .

geomet 'ic . analogy items were criteria for subject
selection. ' :
The potential implications of such ﬁroceduras are discussed
'in the section Subjective Influence on Cognitive Task
Perforwmance in Chapter 4. Glven the present research
procedure it was assumed that results yielded were
attributable +to wvariations in item complexity, and that
subjeclive task performance was reprasentative of the range
of reascning strategles available for geonetric analogy
solution, as well as being highly responsive to worklead
influences. . .

Thirdiy, =£ollowing completibn of the experimantal trials,

subjects were - asked whether they had @eveloped any

conscious strategy for handling the items from each of the
geometria analogy types. Adopting the progedure ocutlined
in the section Procedure in Chapter 4, each strategy
explanation was carefully analysed, recorded and coded.

Having employed the prooedure desaribed in the saction
Solution Strategy and the Experimental Task in Chapter §,
it was assumed that variations in subjective strategy
reports for +the two aexamples of cach analogy type would
reflect a modification in the subjeots' solution stratagy
brought about by the variation in tagk demand
characteristics bgtween the twe examples.
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It was noted in the section Solution - Strategy and the
Experimern.al Task in Chapter 5 that, for each geomatfic
analogy tYpe, a detailed discussion of the dominant
‘subjective task strategy types, as well as thelr respective
variations, identified £rom subjects? post  hoc
introspacti#e reports, would be presented in this section.

A separate discussion will be presented for easch geowetric
analogy type.

Degenerate . Geometric Analogy Subjective Task Scoic.)y
Types : :

It will be recalled from the section Degenerate Foroed
Choice Gecmetric Analogy Subjective Task Strategy Types in
Chapter 5, that in terms of performance cemponents adopted
and ordar of component execution, two dominant subjective
task strateqy types were identified from subjacts' pest hoc
introspective vreports relating te the 1 element Degenerate
geometric analogy example.

Thirty-~one subjects (52%) reported employlng the first of
these dominant strategy types. A schematic flow chart of
this strategy type is presanted in Pigure 6.1a.

subjects employing this strategy type begin analogy
solution by encoding the first analogy term, and then the
second analogy %erm. Next they infer the relation between
the first and second analogy terms. The subjects then
encode the +third analogy term. Following this, the two
answer optidns are encoded. Having encoded the two answer
options, subjects attempt to apply from the third term to
each answer option a relatior =alogous ta the one inferred
batwaen the first and second terms. Subjects would then
respond with either "A" or "B" thereby completing the
analogy problanms.
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Three wvariations of this’ strategy type wire identified.
These variations apparently arose as a rdésult of sﬁbjaqts
eﬁploying either a self-terminating or exhaustive
application process. The £irst of these wvariations,
emploved  by fourteen subjects (23%), involﬁed a
- galf-terminating application process, -irrespective of which
answer option was the correct one. The second variation,
employad by six subjects (10%), invelved an exhaustive
application process, irrespective of which answer option
was the correct one. The third variation, aﬁplcyed by
eleven subjects (18%}, invelved a  sealf-terminating
application process if the first answer option was correct,
and an exhaustive applicatian procéss if the second answar
option was correct.

Twenty-nine subjects (48%) reported employing the second
dominant strategy type.’ A schematic flow chart of this
strategy type is presented in Figure 6.1b. '

Subjects employing this  strategy type begin analogy
solutionh by encoding the first analogy term, and then the
sacond apalogy term. Next they infer the relation between
the first and second analogy terms. The subjects then
encode the third analogy term and, following this, map the
relation between the first and third terms. The two answer
options' are Then encoded. Subjecte then attempt to apply
from +the third term to each answer option a relation
analogous to the one inferred betwaen the first and second
terms. subjects would then respond with eitner WA" or bz 1L
thereby completing the analogy problem.

Two variations of this strategy type were identified.
2galn, these wvariations arogse as a resnlt of subjeocts
~employing - either a gself-terminating or exhaustive
application procass. The first ¢* thase variations,
emploved by aleven subjects  {18%), involved a
self—texminﬁting application process, irrespective of which
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answer option was the correct one. The sscond variation,
employed by eighteen subjecats (30%), involvad a
self-terminating application provess if the first answer
option was correct, and an axhaustive application process
if the second answer optlon was correct. :

It was noted previously, in the section Degenerate Forced

Choive Geometric analogy Subjective Task Strategy Typus in

Chapter 5, that in terms of performance components adopted
and order of cobpohent exscution, two dominant subjective
task strategy types, identical to those identifiesd for the
1l al ement bDegenarate gaometrio analogy example, ware
identified from subjects' post hoc introspactiva reports
relating to the 3 alement Degensrate geometric analogy
example.

Thirty- three subjects (B55%) reported-employing the filrst of
these dominant strategy types, 8See figure 6.la eaxlier in
the section for the schematle fiow chart of this strategy
type. S8ince this strategy +type has been desoribed
previsusly, in the discussion pertalning to the 1 element
Degenerate gaometric analogy example, there is no need to
describe it again. It iz, however, important to note that
two variations of this sgtrategy type wers identified.
Again, these wvariations ocould apparenily be attributed to
subjects enploying either a self-terminating or exhaustive
application process. the #f£irat of these varlations,
empleyed by nine subjects (15%), involvad an exhaustive
application process, Iirrespective of which answer option
was the corrasct ons, The second variation, employed hy
twenty-four subjects (40%) Involved a eself-terminating
applicating prouness if the first answer option was correct,
and an exhaustive application process if the second answer
option was corract. '

Twenty-saven subjeats (45%) reported enploying the second
dominant strategy type. See Figurs &.1b earlisr in this
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secbion for the schematic flow chart of this strategy
type. Since thia strategy type was deseribed previously,
in the discussien pertaining to the 1 element Degenerate
geometric analogy example, it will not he desoribed again
her. It is, hoﬁevar, lmportant to note that twe variatlons
of this strategy type were identified. Again, these
variations oould apparently be attributed +e subjects
employing elther a  self-terminating or  exhaustive
-application process. The firskt of +thesme wvariations,
employad' by one subject (2%), involved a self~tefminating
application process, irrespective of which answer option
was the correct one. The second varlation, emploved by
twenty-six  subjects (43%), involved a self~terminating
._apﬁlication process 1f the first answer option wae correct,
arnid an exhaustive applliuation prbcess if tha gecond answer
option was correct.

Tha preceding. discussion of subjecats’ post  hoo
introspective reports relating te the solution of both 1
element - and 3 element Degeanerate forced cholce geometrio'
analogy items reveals a number of issues relevant to the
pregent research. Firstly, in terms of the performance
components  adopted and order of component exeoution,
subjective =mtratejy reports aquast' the dominance of two
strategy types ° for both 1 element and 3 element Degenerate
items (see Figures 6.1a and 6.1b earlier in this saction
for schematic flow charts of these dominant strategy
types) . The major difference between these strategy types
being that the one presented in Figure 6.1b incorporates a
mapﬁing process, betwean the first and third analogy terms,
immediately after the encoding of the third term, whereas
the strateqy type presented in Figure 6.2a doeg not
invorporate this process, Seoondly,  and probably more
significant to the present study, is that the two dominant
subjective task strategy types identified from subjects'
post hoa introspective reports relating to 3 element
Dagenexate items were identical to these reported for the
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solution of 1 element Degenerate items. Thus, it would
appear that despite the inarease in number of elamants per
analogy term, from 1 to 3, the ldentlcal itwe gtrategy types
dominate. Phis would.appear to sugqest'that.on_tha basis
of subjective strategy reports, for Degenerates <forced
cholce geometric analogy  itenms, increases in item
complexity fail to elieit meaningful strategic varlatlons
on  the part of subjects in order to overaeme Ilncreases in
mental workload and maintain high standards of task
pexformance. Thirdly, . on the basis of subjective task
strategy reports, variations of the deminant strateqy types
reported for both 1 and 3 element Degenerate item sclution

-were Identified. As noted earlier in this seotion these
variations apparently arose as a result of subjects
employing  either- a  self-terminating or exhaustive
application procesg. The nature of these wvariatlons, for

both 1 and 3 . element Degenerate items, was discussed
pr r-iously in this section. It is, however, important to
note that subject's post hoe intrespective reports
pertaining to both . and 3 element Degenerate item solutlon
revasled that +the orxder of . answer options, i.e., which
answar option was correct (A or B}, was a determining
factor of the type of application process employed., Where
the #irst answer option was c¢orrect, subjects reporting
Lhis strategy typa variation would employ &
self-terminating application process, and where the sescond
answer option was ucorrsct, these subjects would employ an
exhaustive application process. This pattern was found to
be wmoxe prominent in the subjective task strategy reports
relevant to the seolution of 3 element Dayenerate items than
in those ©relating to fhe sélution of 1 element Degenarate
items.

Therefore, based on subjects' post heo  introspective
reports regarding performance camponents adopted and order
of  componant exeuution; it would appear that the proosss
models presented in Figures 6.la and &.1b best define task
performence on Pagenarate foreed choids geometric analogy
jtems, S -
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Semidegenerate  (A:A::B:B) Geometric Analogy Subjective
Task Strategy Types

Tt will be recalled from the section Semidegenerate Foraaed
Choice Geometric analogy :(Format A:A::B:B) Subject Task
-Strategy Types in Chapter %, that in terms of perfermende
ocomponents adopted and order of component execution, two
dominant subjective7 task strategy types were identified
from subjects' post hoo introspective reports relating to
the 1 element = 1 transformation Senidegenerate (A:A::B:iB)
gecnetric analogy example. .

Forty-eight subjects (80%) reperted enploying the first of
these dominan. strategy types. A schematic flow chart of
this etrategy type is presented in Figure &§.2a.

Subjects employing this strategy type begin analogy
golution by énsoding the first analogy term, and then the
second analogy term. Next they infer the relation between
the first two analogy terms. 7The subjects then encode the
third analogy ‘tern aﬁd, following this, map the relation
between the first and third terms. The two answer options
are ‘then enocoded. Bubjects then attempt to apply from the
third term +to each answer option a relation analogous to
the one inferred between the first and second texms.
Subjects would then resporid with elther "A" or "BY, thexrehy
completing the analogy problem.

Three variations of this strategy type were identifled.
These variations apparently arose az a result of subjects

employing either a self-terminating or exhaustive
application progess. Tha first of these variatiqhs,
employed by nineteen subjects {32%), involved  a

self-terminating appllication process, irrespadtive of which
answer optien was the carrect one. The second variation,
employed by flve subjects (8%), involved an exhaustive

appllnation proeees, irrespective _of which answar optioh_
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was the correct one. The third variation, employed by
twenty-four subjects (40%), involved a self-terminating
'application process 1f the first answer option was correct,
and - an exhaustive application process if the second answer
option was correct.

 Twelve subjects  (20%) reported employing the second
‘dominant strategy type. A schematic flow chart of this
strategy type is presented in Figure 6,2b.

Bubjects  employing this strateg‘y' type begin analogy
solution by enceding +the first analogy term, and then the

sacond analogy +term. Next thay infer the relation between

the first two analogy terms. fThe subjects then encode tha

third analogy term. Following this, the two answer options

are encoded, Having encoded the +two answer options,
subjects attempt to apply from the thixd term to each

answer option a vrelation analogous +to the one inferred
betwean the first two terms. Subjects would then respond
with either vAlt or "B", therehy oompleting the analogy
problem.

Three variations of this strategy <type were identified.

Again, these variations apparently arose as a result of
subjects enmploying either a self-terminating or exhanstive
application  process. Tha first of these variations,

employed by five subjects {8%), involved a self-terminating
application process, Iirrespective pof which answer opticn
was the ¢errect one, The second variatiom, emplioyed by two
subjects (4%), involved an exhaustive application process,

irrespective of which answer option was the correct one.
The  thirt variation, enployed by five subjects (8%},

involved a self-terminating application process 1f tha
firs- answer option was correct, and an exhaustive
application. progasg if the segond answer opti.on was
correct.
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It was noted previously, in the section Semidegenerate
Forced Choice @eoletric Analogy (Format A:A::B:B)
subjective Task Strategy Types in Chapter 5, that in terms
of performance compenants adopted and ¢rder of component

- execution, two dominant subjectiva task strategy types,

identical to those identified for the 1 element - 1
transformation Semidegenerate. (A:A::B:B) gecmetric analogy
example, were identified from subjects' post hec
intfospactive reports relating to the 3 element - 3

 transformation Semidegenerate (A:A:i:miB) geomebric analogy

example.

Fifty-two subjects {87%) reported employlng the first of
these dominant strategy types. See Figure 6.2a earlier in
this section for “he schematic £low chark of this strategy
typa. Bince thls strategy type has been desoribed
previously, in the dizcussion relating to the 1 element - 1
transformation Semidegenerate (A:Ar:B:B} gecmetric analogy
example, it will not be describad again, It 1s, however,
impertant to neote that two variations of this strategy type

wera identified. These variations " pould apparently be
attributed +to subjects employing elther a self-terminating
or exhaustive application process. The first of these

variations, employed by  thirty-nine subjects (65%),
involved an exhaustive application process, irrespective of
which answer option was the correct one. The second
variation, employed by thirteen subjects (22%), involved a
gelf-terminating application process if the first answer

‘option wae correct, and ah exhaustive application procesg

if the second answer coption was correct.

Eight subjects (13%) reported smploying the second dominant
strategy <type. Sea Figure 6.2b eariier in this section for
the schematic flow chart of this strategy type. S8ince this
strategy type has been described previously, in the
digsoussion pertaining to +the 1 element -~ 1 transformation
Semidegenerate (A:A:1BiB) geometric analogy example, it
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will not be described again. It is, however, important to
note that only one variation of this strategy type was
identified. This variaﬁion, employed by eight subjects
(13%), involved an exhaustive application process,
irrespective of whick answer option was the correct one.

The preceding _discussion of subjects! post hoc
. introspective reports relating to the solution of both 1
element - - 1  transformation and 3 elenents - 3
trangformation Semidegenerata  (A:Ai:B:B) forced choice
geometric analogy items reveals a mumber of issues relevant
" to *the present reseaxch. Firstly, in terma of performance
compb nts adopted and order of component execution,
subj¢ .tive -strategy reporte suggest <the dominance of two
.strategy +types for both 1. element - 1 transformation and 3
element = 3 transformation Semidegenerate (AA::B:B) items
(see Figures 6.2a and 6.2b earlier in this section for
schematic flow charts of these strategy types}. The major
difference between these strategy types being that the one
prasented in PFigure 6:2a jhcorporates a mapping proocess,
between the first and third analogy terms, immediately
after the encoding of the third term, vhereaas the strategy
type presented in Fiqure 6.2k does not lncorporate this
process. Secondly, and possibly more significant to the
prasent study, .is +that the two dominant subjective hask
strategy types  identified  from subjacts' post hoc
introspective reports relating to 3 element - 3
transformation Semldegenerate  (A:A::BiB) items were
identical +o those reported for the soiution of 1 element -
1 ‘transformation Semidegensrate (A:aA::B:B) items. Thus, it
would appear that despite the increase in both the number
of elements per analogy %term as well as the number of
transformations between analogy terms, .the identical twe
strategy types dominate. - This would appear to suggest
that, on the basis of subjactive strategy reports, for
Semidegenerate {AtA::B:B) forced ochoice geometric analogy
items, incresses ‘in  item . complexity fail to elicit .
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meaningful strategic varlations on the part of subjects in
order to overxcome ingreases in mertal workload and maintain
high standards of task performance. Thirdly, on the basis
of subjective task strategy reports, variations of the
doninant strategy t-pes for Dbhoth 1 elemeht - 1
transformation and 3 element -~ 3 ‘transformation
Semidegenerate (A:A::BiB) 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 sirategy types pértaining to 1
element - 1 transformation Semidaganerate {A:A:1:B:B) item
“solution were identified. These variations were discussed
previcusly in this section. Similaxly, va:iatians of both

dominant strategy types pertaining to 3 element - .3
transformation Semidegenerate (A:a::B:B) itam solution were
identified. Bgain, thase wvariations were -discussed

previou=zly in this section. Tt iz, however, important to

note - that subjects' post lhoc introspeutive reports
pertaining to bokh 1 element = 1 +transformation and 3
element - 3 transformation Semidegenerate (A:A::B:B) iltem
golution revealed that order of answer options, i.e., which
answer option was correct (A or B), was a determining
factoxr of the type of'application process employed. Whera
the first answer option was correct, subjects reporting
this strategy type  variation would employ a
gelf-terninating application process, and where the second
answer optlon was correct, these subjects would report an
exhaustive applicatiecn process. This pattern was found to
ba more prominent in the aubjegtive task strategy reports
relating to the solution of 1 element - 1 transformation
Semsdegenerate (AtA::B:B) items +than those pertaining to
the =solution of 3 elament - 3 transformatlion Semidegenerate-
{(AtA::B:B) items. ) '

Therefore, based on subjecats' post hod introspective
reports regarding performance components adopted and oxder
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