of component execution, it would appear that the procesa
model  presented in Figure 6.2a best, defined task
performance on Sémidegenerate (A:A::B:B) .forced cholce
geometric analogy itenms. :

Semidegenérate (A:B::A:B) ° Geometric Analogy Subjective
Task Strategy Types :

It wil® . be recalled from the section Semidegenerate Poxced
chpice Geometric Analogy (Format A:B::A:B) Subjective Task
Strategy Types in cChapter 5, that in terms of performance
componants . adopted and order of component execuflon, two
dominant subjective task strategy’ types were identified
from subjects post hoo introspective reports relating te
the 1 element - 1 transformation Semidegenerate (Afﬁi:a:ﬂ}
geometric analogy example.

Twenty-nine subjects (48%) reported employing the first of
these dominant strategy +ypes. A schematic flow chart of
this strategy type is presented in Figure 6.3a.

subjects employing thls dQominant strategy type bagin
analogy solution by enceding the first analogy terwm, and
then tha second analogy term. WNext they infer the relation
between the first two analogy terms. The subjects then
encode the third analogy term and, following this, map the
relation between the first and third texms. The two answer
‘optiens -are then encoded. Subjects then attemwpt to apply
from the +hird term to each answer option a relation
analogons to® the one inferred batween the firast and seaond
terms. Subjects would then respond with sithexr VA" or "BY,
thereby completing the anaiogy problem.

Three . variations of this strategy type were identified.
These variations apparently arose as a result of subjeots
employing either a self-terminating or exhaustive.
application prbcass.' The -girst of ‘these varlations,
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s applicable to 1 glenent « | transformation Sewidegepsrate {A18::a+B] item solution,

Self-terninating, irresper;tive of whick anever agtion wvas correct - employed by thirteen
subjects (23],

Brkaugtive, 1rrns‘pect1ve of which ansver option wag cerrsat - exployed by four subjects
{7k .

felf-torninating if first aaswver option carrect, and e:baastiva if secomd sagver option
eorreot - eaployed by buelve subjects (204).

4g applieable to } eleeenk - J i~ ~forwation Seaidegexerats [A:B::A:B) iLea solubion,

Frbauskive, irrespective of which answer optiod was cmrreck - amployed By elaveh subjects
{18%),

-Self-terainating if first answer option ocorrsck, and erbaustive is second angver option

eorrect - eaployad by Lwalve subjects {204),
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employad by thirteen subjects (22%), involved a
self—terminating application process, irraspective of which
answer option was the co?reut ohe. The sacond variation,
employad hy four subjects (7%). involved an exhaustive
application process, irrespegtive of which answer option
~was +the correct omne. - The third wvariation ewployed. by
twelve subjects (20%), involved a self-terminating
- application process if the first answer option was correct,
and an exhaustive application process if the second answer
option was correct.

Thirty-one subjects (52%) _reported enploying +the saénnd
dominant strategy :typé. A schenatic flow chart of this
strategy type is presented in Pigure &.3hb.

subjects  employing v strategy type begin
analogy solution L, ' st ..aalogy term, and
than the second analogy : + ‘nfer the relation
hetween +thae first two von, - ‘» gubjects then
gnoode the third analagy terw .o 1- this map the
' relation between the €irst . 1 "~ terms. The

two answer options are then encoutsw. @ ng encoded the
two answer options, subjects attempt to apply from the
second ‘term +to each answer optlen in order to ldentify the
answer option identical to the second term. Subjects would
then respond either "a" or “B“}_ thereby completing the
analaogy procblam.

Three variations of this dominant strategy type were

ldantified. Again, these variations apparently arose as a
result - of subjeécts emploing either a self-terminating or
exhaustive application process. The first of these

variations, enmgloyes by nine subjécts (15%), involved =z
gelf-terminating application process irrespective of which
answer option was correct. The second variation, employed
by twelve subjects (20%), involved an  exhaustive
- application process, irrespective of which answer optaon
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was the ocorract one. The third variation, employed by ten
subjeats (17%), involved a self-terminating application
process if the first answer option was correct, and an
exhaustive application procass 1f the second answer option
was the vorreat one.

ITt. was noted previously in the section Semidegenerate
Forged Choice Geometric Aanalogy (Foxmat A:B::iA!B)
subjective Task Strategy Types In Chapter 5, that in terns
of performance compohents adeopted and order £ component
~execution, two dominant subjective task strategy types,
igantical to those identified for the 1 element =~ 1
transformation 8Semidagensrate (A:B;:A:B} geometric analogy
" example, wers identified from esubjecte' post hoc
introspective reports ralating to the 3 element ~ 3
transformation Semidegenarate (A:B::A:B} geometric analogy
exanple,

Twerty-three subjects (38%) reported émployinq the first of
thess dominant strategy types, See Plgure 6.3a earlier in
this sactlon for the schematic flow chart of this strategy
type, Since +this strategy +type has been described
previously, in the disoussion pertaining to the 1 element -
1 ftransformation Semidegenerate (A:B::A:B) geometric
analogy exampla; it will not be described again. It is,
howaver, important to note +that two wvariations of this
strategy type were identified. These variations wexe
apparently attributable %o subjects employ ag either a
self-tarminating or exhaustive application process. The
first of these varimtions, amployed by eleven subjects
(18%), involved an  axhaustive applloation  process,
irrespective of which answer option was the correct one.
The second wvariation, employed by twelve subjects (20%),
involved a wself-terminating application prosess 1f the
firet answer optlon was oorrect, and an exhaustive
application procsss if the second answer option was
corract.
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Thirty-seven subjects (62%) reported employing the sscond
dominant strategy type. See Figure 6.3b eaxlier in th's
. section . for a schematic flow chart of this strategy type.
gince this strategy type has been discussed previously, in
the discussion pertaining to fthe 1 element - 1
transformation Semldegensrate (A:B::AiB) gJeomatric anaiogy
examplé, it will not be desoribed again. It ig, however,
important +to note tha% twe variations of this strategy type
were identified. These varlations were apparently
attributable to subjects employing - either a
self-terminating or exhaustive application progess.  The.
firét of these variations, employed by eighteen subjects
{30%), involved an exhaustive ° application progess,
irrespeative of ‘which answer option was the correct one..
The second wvarlation, employed by nineteen subjects {32%),
involved a self-terminating wupplication process if the
first anawer option was correct, and an exhaustive
application process if the second answer option was
correact.

The preceding discusslon of subjects post hoc introspective
reports relating to the solution of both 1 element - 1
traneformation and 3  elsment - 3  transformation
Semidegenerate (A:B::A:B) forced choice geometric analogy

items revezls a number of issues relsevant to the present:
 research. Firstly, in %erms of performaltice domponants
adopted and order of component executlon, subjective task
strategy reports suggest the dominance of £wo strateygy
types for both 1 elament - 1 transformation and 3 elewent -
3 transformation Semidegenerate (A:B::A:B) items (see
Pigures G6.3a and 6.3b earlier in this section for schematic
flow  charts of these strategy types). The major differance
between these strategy types being that the strategy type
preseanted in Pigure 6.3a lnvolves application from the
thixrd +term to each answar option, whereas the strategy type
prasented in PFigure 6.3b ihvolves appliocation from the
sagond tdrm +to sach answer option. B8econdly, and possibly
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nore éignificant to the prasent study, is that the two
gominant subjective task strategy types identified from
subjeats’ poat hoc introspective reports. relating %o 2
element -~ 3 transformation Semidegenerate (A:;B::A:B) items
were identioal to those reported for the solution of 1
elemant - 1  transformation Semidegenerate (A:Br:A:B}
items. Thus, it would appear that despite the inorcase in
both thé number of elements per analogy term, as well as
the number of transformations bhetween analogy terms, the
identical two strategy types dominate. This would swggest
that, on the basis of subjective =strategy reports, for
Semidegenerate (A:B::AtB) forced choice geometric analogy
items, increases in  item’ campiexity fail to elicit
meaningful etrategic variationz on the part of subjects in
order +to overcome inoreases in mental workioad and maintain
high standards of task performanee, Thirdly, on tha basis
of subjective task strategy reports, variatiens of the
dominant strategy +types reported f£or both 1 element - 1
transformation and 3 element -~ 3  transformation
" gemidegenerate (A:B::A:B) item golution were identified.
.As noted e-rlier in this section thesa wvariations
apparently arose as & rasult of subjacts employing either a
. smlf-terminating or exhaustive appliocation process. Three
variations of 'both deminant strategy types relating to 1
element =~ 1 transformation Semidegenexate (A:Bi:A:B) item
solution were identified. These variations were discussed
previously in this section

Twa varlations of both dominent strategy types partaining
o 3 elemant - 3 transformation Semidegenerate [A1B::A:R)
item solution were identified. Again} these variations
were discussed previously in this section. It is, however,
important %o note that subjects post hoo introspactive
reports relating to hoth 1 element - 1 transformation and 3
element - 3 transformation gemidegenerate (A:B::A1B} item
solution .revealed that order of answer options, i.e., which
answar optlon was correct (A or B) wag a determining factor
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of the type of application process employed. Where the
first answer opticr was correct, subjects employing this
strategy +*type variation would employ a self-terminating.
application process and where the second answer option wius
corract, these subjects would employ an exhaustive
application process. This pattern - was found to ba more
prominent in the subjective task strategy repcrts'relating
te the solution of 3 element - 3. transformation
semidegenerate (A:B:r:A:B) 1items than those relating to the
solution of 1 elrment - 1 transformation Senidegenerata
(AtB::A:B)- ltenms, -

Therefore, based on subjects post hos introepective reports
regarding performance components adopted and order of
component exeoution, it would appear that the prooess
nodels presented in Figure 6.3a and 6.3b best deflne task
performance on Semidegenerate (AiBy:A:B) forced cholce
geometric analogy itens.

Nondegenerate Geometric Analogy Subjective Task Strategy
Types '

It will be recalled from the section Nondegenerate ¥Foroved
‘Choice Geometrie Analogy Subjective Task Strategy “zpes in
Cchapter 5, ‘that in terms of performance components adopted
and order of component exeaution, four dominant subjective
task strategy types wers ldentified from subjects' post hoo
introspective reports relating to the 1 element - 1
transformation Nondegenerate geometric_anélogy examnple.

Thirty-seven subjects {61%) reported employing the first of
these dominant strategy types. A ichematioc flow chart of
this strategy type is presented in Pirure ¢.4a.

Subjects employing this  strategy type begin analogy

solution by encoding the First apmlogy term, and then the

sedond analogy term. Next they infer the relation between
292 '



the first and second analogy tarms The subjects then
encode the third analogy tearm. Following this, the two
answer opticna were encoded. Bubjeats then attempt to
apply from +the third term té-aaah_answar option a relation
analogois ko the one inferred between the first and second
terms. Subjects would then respond with either "a or Bn, -
thereby completing the analogy problem. .

Three variations ¢f this strateqgy type were identified.
These variations apparently arose ds a result of subjects
employing either a self-terminating or exhaustive
applioation  process. The first of these variations,
enployed by  twelve subjects- (20%), involved a
gelf—terninating application process, irrespective of
which answer option was the correct one. The second
variatlion, employed by seventeen subjects (2B%), invelved
an exhanstive application process, Iirrespective of which .
answar option was the oorrect one, The third variation,
enployed . by eight subjacts {13%) ; involved a
self~terminating appilcation process if the Ffirst answer
option was correst, and an exhaustive applloation process
if the second answer cption was corract.

Bight supjects (14%) reported employing the second dominant
strategy type. , A echematic £flow chart of thils strategy
type is presented in Figurse 6.4b,

‘Bubjects  employing this strategy type begin analogy
solution hy encoding the first analogy term, and then the
second analogy term, Next they infer the relation between
the first and second analogy terms. The subjects than
encode the third analogy term and, following this, map the
relation petween the third and second  terms. The two
answer optione are then encoded. Subjects then attempt *u
apply from thea third term to each answer optiop a relation
analogous to the one inferred between the first and second
terms. - Subjeots would then respond with aither YAM ox MBY,
' 293
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thereby completing the analogy problem.

wo wvariations of this strategy type wers identified.
Thase variations apparently arose as a result of subjects
employing  eithexr a self-terminating or exhaustive
application process. The first of these varlations,
employed by fqur subjects (73), involved a self-terminating

application prooess; irrespactive of which answer optlon:

was ogorrect, The second variation, employed by four
subjects (7%), involved an exhaustive application process,
irrespective of which answer option was corraot.

Twelve subjects {20%) reported emplgying the third dominant
gtrategy type. A schematic flow chart of this strategy
type is presented in Pigure 6.40.

'Subjedts employing this  strategy %ype begin analogy

gsolution by encoding the first analogy term, and then the
second analogy term. Next they infer the relation between
the first and second terms. The subjects then encode the
third analogy term and, folloﬁing this, map the relation
batween the third and. seccnd terms. The twe answer options
are then encoded. Subjects then attempt to apply from the
sacond  term to each answer optier in order to identify the
answar option whose slements hav- (ndergone transformatlons
identical to those having taken place between the first and

geaond terms. Subjects would then re =wond with either "an

or "B“, theréby completing the analogs roblem.

Thres variations of this strategy type were identified.
These variations apparently arose as a result of subjects
employing either a  self-terminating or exhaustive
application  process. The £irst of these wvariations,
employed by two subjects (3%), invelved a self-terminating
application process, ‘lrrespective of which answer option
was correct. The sagond wvariati m employed by eight
subjects (13%), lnvolved an exhaustive application process,
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lrrespective of which answer option was correct. The thirqg
variation, enployed by two subjects {3%), involved a
sélfvterminating application process if the first answer
option was correct, and an exhaustive application process
if the seoond answer eptlon was correot.

Three subjects (5%) reported employving the fourth dominant
strategy type. A schematic flow chart of this strategy -
type 1s presented in Figure 6.4d. :

' gubjects employing this analogy type begin analogy solution
by encoding the first analogy term, and then the second
analogy ‘term. Next they infer the relation between the
first and the second analogy terms. The subjects then
" encode the third ahalogy term and, following this, map the
relation between the first and third terma. The two answer
options are <then encodea. BSubjects then attempt to apply
from the third term to each answer option a relation
analogous +to the one inferred between the first and second
terms, Subjects would then respond with elthar "A" or "Br,
thereby completing the analegy probiem.

Two varlations of this strategy type were ildentified.
These variations apparently arose as a result of subjects
employing either a self-terminating or  exhanstive
applivation  process. The first of these variations,
employed by one subject (2%), involved a self-terminating
appiication process, lrrespective of which answer option
was  correct. The second variation, emplayed by two
subjects (3%), involved an exhaustive application process,
irrespective of which answer option was correct.

It was noted previocusly in the saction Nondegenerate
Foraed Choice Geometric Analogy Subjective Task Strategy
Types in  Chapter 5, that in terms of performance
components adopted, order of component exegution, nature of
inference, mapping and . applisation procedures (i.e.,
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self-terminating or exhaustive), and mode of option
scanning (i.e., sequential . or alternats), four dominant

supjective task strategy types were identified from

subjects post hoe introspective reports relating to the 3
element - 3 transformatlon Nondegenerate example.

Twenty-two subjects (37%) reported employ® .g the first of
these dominant strategy types. A schematic flow chart of

this strateégy type is presented in Figure 6.5a.

subjects employing this strategy type begin analogy

solution by enooding the first analogy term, and then the

second analaogy term. Next thay infexr the relation betwaen
the first and second terms. The subjects then encode the
third analogy term. Following this, the two answer options
are encoded. Subjects then attempt to apply from the third
term +to each answer optiun'a relation anélogous-to the one
' inferred between the first and second terms. Subjects
would then respond with elther "A" or "B", thereby
completing the analogy problem.

It is important' to note that in t'is dominant strategy'

type, both the inference and application precedures are
self-terminating and, furthermore, the mode of option
soanning is alternate. No variations of thie strategy type
were identified. '

Elevan subjects {18%)} feported employing the sacond
dominant strategy tyre. A schematlic flow chart of the
strategy type 1s presented in Figure 6.5b.

' Subjects  employing this strategy type begin - analogy
solution by encoding the first analogy term, and then the
second amnalogy term. Next they infer the relation between
the first and second terms. The subjects then encode the
third analogy tern and, following this, map the relation

between tha third and second terms. The two answer options
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are then encoded. BSubjects then attewpt to apply fiom the
third term to each answer optlon a ralation analogous to
the one inferred between the first and second terms.
Bubjects would then respond with either n"al or n8*, theraby

"~ completing the analogy problem.

It is important +to note +hat in this dominant stretegy

type, inference, mapping ‘and - appligation are
gself~terninating processes. Furthermore, ‘the mode of
option scanning is alternate No variations of this

strategy type were identified.

Twenty—thrae suhjéuts (38%j' reported enploying the third

dominant strategy type. A schematic flow chart of this
strategy type is presented in Figure 6.5c. '

Subjects employing this strategy type begin analogy
solution by encoding the first analogy term, and then the

second analogy term. The subjects then encode the third
analogy +term and, following this, map the relation between
the +third and second terms. Tha two answer options are
then encoded. Subjects then atternpt +to apply from the-

second +term to each answar optlon in oxder to identify the
answey 6ption whose elaments have undergone transformations
identical %o those having taken place batween the first and
second terms. Subjects would then respond with either ha®
or "B", thereby completing the analogy problem.

It is important %o note that in this dominant strategy

type, - inference, mapping and application are
self-terminating processes, Purthermore, the mnode of
option scanning is alternate. No vaxiations of this

strategy type were identified.

Four subjects (7%) reported employing the fourth deminant
strategy tybe. A schematic flow chart of this strategy
type is presented in Figure 6.5d. ' .

L}
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subjects employing this  strategy type begin analogy
solution by encoding the first analogy term, and then the
second analogy term. Next thay infer the relation between
the -first and second terms. The subjects then encode the
third analogy term and, feollowing this, map the relation
between the first and third terms. The two answer options
are then encoded. BSubjects then attempt to apply from the
third term %o each answer opkion & relation analogous to
the one inferred between +the first and second terms.
Subjects would then reéspond with either "A" or "8%, thershby
completing the analecgy problem. '

It is important tc note +hat in this dominant strategy
type, inference iz self-terminating, but mapping and
application are exhaustive, Furthermore, the mode of
option scanning is alternate. No variations of this
strategy type were identified.

The p ‘ng discussion of subjects post loc introspective
reports pertaining +to +the solutlon of 1 element = 1
transformation and 3. element - 3 transformation

Nondegeneraté forced choice geometric analegy items reveals
a number of issves relavant to the present research.
Issues relating specifically to the solution of 1 element -
1 transformation HNondegenerate items will be discussed
separately from issues specific te 3 element -~ 3
transformation Nondegenerate items.

In terns of performance componants adopted and order of
component execution, subjective strategy treports suggest
the aominance of four stratégy types for 1 element - 1
transformation Nondeganerate item =olution (see Figures
6.4a - 6.4d earlier in this section for scuematic Flow
charts of these strategy types). BSinoce the characteristics
of aach of these dominant strategy types have already been
disocussed previously in this séction, at this juncture it
shall suffice to note that diffErences betwean them hingse
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upon: Firstly, +the prasence or a' znce of a mapping
process following the encoding of the third analegy terxm
(absent from the strategy type presented Iin Figurs 6.4a)
and, secondly, the nature of the application process. on

. the basis of subjective task strategy repoxrts relating to 1

element -~ 1 transformation Nondegenerate items, variations
of the four dominant _strategy typas were identified. B&As
noted edrlier in this section these variations appirantly
arose as a result of subhjects _employiﬁg aicher a
self-terminating ox exhaustive application process. Three
variations of each of the dominant strategy types presentad
in TFigures 6.4a and 6.40 were identified, while two
variations of each of the dominant étratagy'types presented
in Pigures 6.4b and 6.4d were identified. These variations
were discussed previousty in this section. It is important
to note that the post bro introspective reports of subjects
vho employed the third variations of the dominant strategy
types presented 4in Figures 6.4a and 6&.4c revealed that

order of answer options, i.e., which answer option was
worrect (A or B), was a determining factor of the type of
application process enployed, Where the f£irst answer

option was correct, subjects reporting these strategy typs

variations would enmploy a self-terminating application

process, and where the secound answer option was correct,
these subjects. would employ an exhaustive application
process.

Based on subjects post hoe Introspective reports regarding
performance  components adopted and order of component
execution, it would appear that the precess model presented
in Pigure 6.4a best defines task performance on 1 element -
1 transformation Neondegenerate forced choice geometric

© analogy items.

In . terms of .perfnrmance components adopted, o;der of
component execution, nature of Iinferehce, mapping and
application procedures (i.e., self-terminating or
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gxhaustive), and mode of option scanning (l.e.; semuential
or alternate), subjective task strategy reports suggest the

dominance of four strategy types for 3 element - 3
transformation Nondegenerate item solution (see Figures
6§.5a - 6:5@ earlier in this sectlon for schematic flow

charts of these strategy types). Since the characteristics
of each of these dominant strategy typee have already been
_ discussed previously in this section, at this juncture it
shall suffice to note that differances batween them hinge
upon: Firstly, the prasencé or absence aof =a mapping
process following the encoding of the third analogy term
{absent from the strategy type presanted in Figure 6.5a):
secondly, the ' nature of the mdpping and application
. processes (self-terminating in the strategy types presented
"in Ploures 6.5a, 6.8 and 6.%c, but exhaustive in the
strategy type presented in Pigure 6.5d) and, thirdly, the
' term compared with the two answer options in the
application preocesr (the third term in the strategy types
. presented in Figures 6.5a, 6.5b and 6.5d, but the second
term in the strategy ‘type presented in Figure 6.5¢c). As
noted previnusly in this section no variations of thesa
four dominant strategy types were identifieg, It is
voerthwhile noting that in terms of performance components
adopted and order of component execwvtion only, the four
dominant subjective task strategy types didentified from
subjects post hoc inktrospective reports pertaining to 3
element - 3 transformation Nondegenerate items were
identical to those reported for the solution of 1 element -
1 transformation Nondegenerate items. Thus, it would
appear +that despite the increase in both the number of
alements pér analogy term, as well &as the number of
transformations between analogy  terms, in terms of
performance cowmponents adopted. . and order of component
execution, the identical feour strategy types dominate.
This would seem to suggest that on the hasie of subjective
strategy reports, for Nondegenerate forced ciooice geometric
analogy items, inoreases in item complexlty fail to elieit
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meaningful strategic variations on the part. of subjects, in
terms of performance components adopted and order of
- component execution, in order to overcome increases in
mental workload and maintain high standards of task
performanca.

Based on subjects post hoc introspective reports regarding
performance components adopted; order of component
axdcution; nature of  inference, mapping and application
procedures and wode of option soanning, it would appear
that the process models presenl. . in Figurass 6.5a and 6.5c
beat define task performance on . element -~ 3
transformation Nondegenerate forced choice geometric
analogy items. '

0f significance for present research purpcses s the degree

of association between subjective complexity judgements and
subjects! self-reported subjective task strategy types
pertaining to both examples of sach analogy type. Thus, it
will be of value to examine the extent to which changes in
subjective item complexity Jjudgements ocoincide with post
hoc réports of task strategy.

A discussion of this association will he presanted
separately for each analogy type.

Degenerate Forced Choice Geonmetric Analogy Items

Table 5.5a {page 2085) sets out the relationship between
subjective item  complexity judgements and post hoc
subjective reporfs of task strategy relating to the 1
element Degenerate forced choice geometric analogy
example. Most atriking is the spread of freguencies
through the stimttlus complexity x task strategy matrix,
with only two of the potential cells remaining vacant and
thege ocour for complexity codes 3 (N=6) and 5 (N=1).
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Binomial +two-tail test results set out in Tabie 5.5a show .
the overall &istribution of frequencies across strategy
codes to be non random.

Bowaver, in view ~f Lthe iarge nwnhber of matrix cells
containing fewer thar five ndsarvations the results of the
binomial two- tail teets for each table row should be
treated with caution, partigularly for coﬁplexity Codes 3
to 5. :

For complexity ocode groups 1 and 2 however, which together
account For approximately '82% of raépondents, the picture
is more interesting. -

For complexity ocode group 1 the frequency distribution
- across task  strategy groups gives an association of
approximately 58% of cases identifying with subjective
strategy gode 1.la, discussed préeviously and illustrated in
the form of. a process model in Figure 6.la in the section
Degenerate Subjective Task Stratedy Types earlier in this
chapter.  Looking down the 1.la . strategy column this
complexity c©ode assoclation acecounts for the majority
{again about 58%) of 1.la strategy respondents.

For ocomplexity ,cede group 2 the frequency distribution
across task  strategy grdups gives an association of
approximaﬁely 67% of cases ldentifying with subjective
strategy ocode 1.2a, discussed previocusly, and illustrated
by means of a process model in Figure 6.1b in the section
Degenerate Subjective Task Strategy ijes earlier in this
chapter. Looking down the i.2a strategy column this
comple ity code association accounts for about 41% of 1.2a
strategy respondents.. '

Table 5.55 (page 206) sets out the relationship between
subjective item complexity Jjudgements and post hoco
subjective weports. of task strategy relating to the 3
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element  Degenerate forced <choice geometric analaogy
example. Most noticeable is the spraad of freguencies
through the stimulus complexity x task strategy matrix,
with only two of the potential cells remaining vacant and
these ocour for complexity codss 3 (N=6) and 5 (N=1).

Binomial two-taill ¢est results set out in Table 5.5b show
the overall distribution of frequenties acreoss strategy
codes to be non random.

However, in view of the larga number of matrix cells
containing fe 3r than five obsaxvations_the results of the
binomial two-tall tests for each- table row shouwld be
treated with caution, particularly for complexity codes 3
te 5. : ' '

For ocomplexity codes 1 and 2 hos er, which together
account for approximately 82% of respondents, the picture
is more interesting.

For complexity code group 1 the Ifreguency distributlon
acrcsa task stratedy oroups gives an asgociation of
app.-oxihately 55% of cases identifying with subjective
strategy code 3.la, discnssed previously, and 1llustrated
by means of a process model in Figure 6.la in the section
Degenerate Subjective Task Strategy Types earlier in this
chapter. Logking down the 3.la strategy ocolumn this’
complexity = oode associatlion accounts for the majority
{about 52%) of l1l.3a strategy respondents.

For complexity code group 2 the fregquency distribution
acrogs task strategy groups givee an assoclation of
approximately 56% of ogases identifying with subjecti?e
strategy code 3.2a, discussed previously, and illustrated
by means of the proocess model in Flgure 6.1b in the section
Dégeneiate Subjective Task Strategy Types earlier in this
chapter. Looking down +he 3.2a Etrategy aalumn this
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complexity code association accounts for about 37% of 3.2a
strategy respondents.

These findings reinforce the conclusiéns put forward in the
section Stimilus Complexity and Task Performance earlier
in this chapter, in that the observable partial non
randomness of assooiation between subjective task strategy
reports ani subjective gtimulus complexity judgaments
points to non uniform treatwent effects within the total
sample population. '

Semidegenerate (A:A::B:B) Forced Cholca Geometric Analogy
Ttems - ' ' :

Table 5.5¢ (page 209) sets out thé.relationship betwean
subjer tive item complexity Jjudgements and post hoe
subjective reports of task strategy relating to the 1
element -~ 1 bransformation Semidegenerate (A:Aﬁ:B:B} forced
choice geometric analogy example. Most striking is the
spread of freguencies through +the stimulus complexity x
task strategy matrix, with only one of the potential cells
remaining vacant and this ocourred for complexity code 5
{N=1) .

Binomial two-tail test results set out in Table 5.5c show

‘the overall distribution of frequencies across skratagy

codes te be non random.

However, in view of the large number of matrix cells
containing fewer than five observations the results of the
binomial two-tail tests £for each +table row shonld be
treated with caution, particularly for complexity codes 3
to 5.

For complexity code groupe 1 and 2 howevar, which together

account for appraximately 82% of respondents, the picture
is more interesting. '

3lz




For complexity code group 1 the Ffreguency distribution
across task strategy groups gives an association of
approximately 71% of cases identifying with subjective
strategy code 1.1b, dilscussed previously, and illustrated
by means of the process model in Figure 6.2a in the section
Semidegenerate (A:A::B:B} - Subjective Task  Strategy Types
earlier in this chapter. Looking down the 1.1b strategy
column this compleanlty code association accounts for about
46% of 1.lb strateqgy raspondanﬁs. ' :

- For complexity oode group 2 the fregquency distribution
across  task strategy groups g¢ives .an assooclation of
"approximately 95% of oases Idert.fying with subjective
strategy code 1.lb, discussed previously, and illuscrated
by means of the process model in Figure 6.2a in ths section
Semidegenerate (A:A::B:B) Subjective Task Strategy Types
"e.wlier 1in this chapter. lLooking down the 1.1b strategy -
~luns thls  complexity code association accounts for about
35%.0f 1.1b strateyy respondents.

Table 5.5d (page 211) sets out the relationship between
subjective item cdmplexity Judgements and post hoc
subjective reports of <task sirategy relating to the 3
element - 3 transformation Seridagenerate (A:A::B:B) forced
cholce geometric analogy exampla., Most hoticeable is the
© spread of frequancies through the stimulus cdmplexity X
task strategy matrix, with only three of the potential
ecells remaining vacant and these cccur for complexity codes
2 (N=18), 3 {N=6) and 5 {(N=1j. '

Binomial +two-tail test results set out in Table 5,5& show
the overall distribution of frequencies across strategy
codes to be non random.

However, in wview of the large number of mnatrix cells
containing fewer ‘than five observations the results of the
binomial two +tall tests 'for each table row should ha
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treated with oaution particularly for complexity codas 3
and 5. *

For complexity code groups 1 and 2 however, which together
account for apprnxlme-ely 82% of raspondents, the picture
is more interesting.

Fox -complexiﬁy code group 1 the frecguency distribution
ACTOSS task strategy groups gives an assaociation of
approximately 77% of cases .identifying with subjective

strategy code 3.1k, discussed previously, and illustrated
by means of the progess model in Figure 6.2Za in the section

Semidegenerate (A:A::B:B} Subjective Task Strategy Types
_ earlier in this chapter. = lLooking down the 3.1b strategy
" column this conmplexity code sssociation accounts for about
46% of 3.1b strategy respondents.

For complexlty code group 2 the frequency distributien
acroas task strategy groups gives an association of 100% of
cases identifying with Subjective strategy ocode 3.1b,
discussed previecusly, and illustrated by means of the
process wmodel in Figure 6.2a in the section Senideganerate
{A:B::B:B) Subjective Task Strategy Types earlier in this
chaﬁter. Looking down the 3.1b strategy column this
complexity code, assoclation accounts for about 35% of 3.1b
strategy respondents.

These findings support +the conclusions put forward in the
saction Stimzlus ccmplexity and Task Performance earlier
in this chapter in that the observable partial non
randomness of association between subjective task strategy
reparts and subjective stimulus complexity Jjudgements
points - to pon uniform treatment effects within the total
sample population. '
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Semidegenerate - (A:B::A:B) Forced Choice Geometric Analogy
Ttems '

Table 5.58  {page 212) sats out the relationship between
subjective item complexity judgements and post hoc
subjective reports of task strategy  relating to the 1
element - 1 transformaticn Semidegenarate (A:B::A:B) forced
cheoice geonstric analogy example. Most striking is the
spread of frequencies through the stimulus complexity x
task strategy matrix, with only three of the potantial
cells remaining vacant and these ocour for complexity codes
3 (N=6), 4 (N=4) and 5 (N¥=1).
Binomial two-tail test resulis set out in Table 5.5e show
the overall distribution of freguencies across strategy
codes to be non random. .

Howaver, in view of  the large number of natrix cells
containing fewer than Five observations the results of tha
binomial two tail +tests for each table row should ke
treated with ocaution, particularly for complexity codes 3
to 5.

For complexity ocode groups 1 and 2 however, which together
ascount for approximately 82% of respondents, the ploture
is more interesting.

For complexity code group 1 +the freguency distribution
across task strategy groups cgives an association of
approximately 61% of cases identifying with subjective
strategy code 1.2c; discussed previously, and illustrated
by means of the process model in Figure 6.3k in the section
Semidegenerate (RA:Bi:A:B) Subjective Task Strategy Types
earlier in this chapter. lLooking down the-1.2c strategy
column this complexity oode association accounts for the
majority (about 61%) of 1.2¢ strategy respondants.
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For complexity cofda group 2 *he frequency @istribution

agross  task  strategy groups givez an asscciation of
approxinately 61% of ocases identifying with subjective
strategy cofle 1.1c, discussed previously and illustrated by

means of the process model in Figure 6.3a in the ssction -

Semidegenerate (A:B::A:B) Subjective Task Strategy Types

eariier in +thils chapter. Looking down the i.lc strategy -

column this ceomplexity code association accounts for about
as% of 1.l1c strategy respondents.

Table 5.5 (page 214} sete out the relationshiﬁ between
subjective  item = complexity Jjudgements and post hoc
subjective reports of task stratdgy relating to the 3
element ~ 3 transformation Semidegenerate (A:B::A:B} forced
choice geometric analogy eéxample. Most notlceable is the
spread of Ffrequenclez through +the stimulus complexity x
task strategy -matrix, with cnly twe of the potential cells
remalning vacant and these ocour for complexity codes 4
(N=4) and 5 (N=1).

Bincmial +two-tail +test results set ocut in Table 5.5f show

the overall distribution of fregquencies across strategy

codes to ba non random.

However, in wview of the large number of matrix cells
containing fewer <than five observations the zesults of the
binomial two-tall +tests for each table row should be
treated with caution, particularly for complaxity codes 3
to 5. '

For complexity codes 1 and 2 however, which together
account for approximately - 82% of ;espondents, the picture
is more interesting. :

For complexity code group. 1 the frequency distribution
across task strategy groups gives an association of
approximately &8% of gases identifyirly with subjective

3ls
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strategy code 3.2c, discussed previously and illustrated by
means of the process model In Figure 6.3b in the section
Semidenenerate (A:B::A:B} Subjective Task Strategy Types
earlier in this chapter. Looking down the 3.2c strategy
column this complexity code association accounts for the
majority (about 57%) of 3.2¢ strategy respondents.

For complexity code dgroup 2 the freguency distribution
across task  strategy greups gives an  association of
approximately 56% of cases didentifying with subjective
strategy code 3.1c, discussed previously and illustrated by
means of the Pprodess model in Figuré 6.3a, in the section
Semidegenerate (A:B::A:B) Subjective Task Strategy Types

earlier in this chapter. Looking down the 3.lc strategy

column: this complexity code association accounts for about
43% of 3.l1c strategy respondents.

These findings support the conclusions put Fforward in the
section Stimulus Complexity and Task Performance earlier
in = this chapter, in that the observable partial nen
randomness of association between subjective task strategy
reports and swbjective stimulus complexity Jjudgements
peints to¢ non uniform treatment effects within the total
sample population.

Nondegenerate Forced Chol e Geometric Analogy Items

Table 5.5¢g - {page 215) wsets out the relationship betwgen
subjective item complexity judgements and post hoc
subjective reports of task strategy relating to the 1
element - 1 transformation Nondegenerate forced choice
geometric analogy example. Most striking is the spread of
fraguencies through the stimulus complexity x task strategy
matrix with only six of the potential cells remaining
vagant and these ocour for complexity ocodes 3 (N=6), 4
{(N=4) and 5 (N=1).
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Chi sguare analysis results set out in Table 5.5g show the
overall distribution of freguencies aciross gtrategy codes
tn he non random.

However, in wview of the large number of matrix cells
containing fewer than five cbservations the results of the
goodness of ~#£it chi square tests for each table row should
be treated with caution, particularly for complexity codes
3 to 5. Indeed even allowing for the potential inaccuracy
of chi square under these conditions, results for
complexity codes 3 to £ are not inspirational with the most
‘relevant feature baing the spread of mssociation across
task strategy ' groﬁps rather t§an the 1level of non
randomness. ' 3

For ocomplexity code groups 1 and 2 however, which together
account for apprcximately B2% of respondents, the picture
is more interesting.

For complexity code group 1 the freguency distribution
acrogs  task  strategy groups gives an association of
approximately 48% of cases identifying with subjective
strategy coda 1.1d, disoussed previously, and illustrated
by mneans of the process model in Figure 6.4a in the section
Noundegenerate Subjective Task Strategy Types earlier in
this chapter. Looking down the 1.1d strategy column this
complexity code association accounts for about 41% of 1.1d
strategy respondents.

For complexity code group 2 +the fregquency distribution
across task stratagy dgroups gives an association of
approximately B3% of cases identifying with subjective
strategy code 1.14, discussed previously, and illustrated
Ly means of the yrovess model in Figure 6.4a in the section
t.. vdegenerate Suhjeqtiﬁe Task Strategy Types earlier in:
this chapter. Looking down the 1.1d strategy column this
complexity code association acocounts for about 41% of 1.1d
strategy respondents.
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Table 5.5h (page 217} sets out the relationship between
subjective item complexity Jjudgements and post heo
subjective reporta of +task strategy zrelating +te the 3

. glement - 3 transformation Hondegenerate forced choice

geometric analogy example. Most noticeable is the spread
of frecuencles through the stimulus complexity ¥ task
strategy matrix, with .only six of the potential cells
remaining vacant and these scour for complexity codes 3
(¥=6), 4 (N=4) and 5 (N=1).

Chi sguare :analysis results set eut in Table 5.5h show the
overall distribution of frequencles acrosg strategy codes

to ba non random.

However, in view of the large nunber of- matrix cells
containing fewer than five chservations theé rasults of the
goodness of fit chi sguare tests for each table row should
be treated with caution, particularly for complexity codes
3 ta 5. Indeed even allowing for the potential inacc - acy
of chi sguare under “hese conditions, results for
complexity codes 3 to 5 are not inspirational with the most

relevant feature beingy the spread of association across

task strategy groups rather than the level of noh
randomness. : :

For complexity code groups 1 and 2 howewver, which together
account for approximately 82% of respondents, the pictura
is more interesting.

For complexity code group 1 the frequenoy distribution
across  task  strategy graubs givas an ‘association of
approximately 35% of cases Ildentlfying with subjective
strategy aqode 3.1d, and a further 35% of cases ldentifying.
with subjective strategy code 3.34. Both of these
sub ective  strategies were discussed previously and
illustrated by mneans of process models (Figure 6.5a in the
case of . subjective strategy code 3.148, . and Pigure 6.5c in

the case of subjective strategy code 3.3d4} in the section
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Nondegenerate Subjective Task Strategy Types earlier in
this chapter. Looking down the 3.1d and 3.3d étrategy
columns this complexity code association accounts for 50%
of 3.1d stxrategy respondents, and about 48% of 3.3d
strategy respondents.

For complexity code group 2 +the frequency distribution
. across task strategy groups gives an association of
approximately 56% of cases identifying with subjective
strategy code 3.1d, discussed previously, and illustrated
by wmeans of the process model in Pigure 6.5a in the secticn
Nondegenerate §gubjective. Task Strategy Types earlier in
this chapter. ‘Locking down the 3714 strategy column this
complexity code association accounts for about 45% of 3.1d
strategy respondents. '

These findings support the conclusions put forward in the
gection Stimuwlus Complexity and Task Performance earlier
in this chapter in that the observable partial non
randomness of association betwesn subjective task strategy
reports and sukjective stimulus complexity Jjudgements
points to non vrandom treatment effects within the totel
sample population.

in +the context of the present research the svidence for
conorete intar-group qualitative differences in information
proocessing strateglies for Fforced choice geomet:ic analogy
jtems is thus opaque merely because, for each experimental
geometric analegy type, +the basis for group membership is
subjective and unverifiabla,

The categorisation of superficially similar verbal accounts
as beiﬁg the same does not necessarily guarantee that the
same cognitive resources allocatlon has occurred. To take
this for granted would be +to overstate the wvalue of
introspective reports 4in the search for regularities in
cognitive processing. At this juncture, and on the

evidence
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of partitioning data hy subjective reports, it can,
however, be confirmed that the data sets relating to each
" of the experimental analogy types reflect mors than one
unified set of cognitive componential processes for Forced
choice geometric analogy solution.

There L1s evidence that subjects' strategy and information
pracessing cnﬁstraints mﬁy be far more flexibly applied,
particularly under condltions of varying complexity, to the
forced choice geometric analogy task, more so to the
Nondégenerate +type, than would be suggested by the basic
componential models of analeglecal reasoning proposed by
gternberg (1977), &and discugsed previously in the section
Componential Models of Analogieal Reasoning in Chapter 3.

Meanwhile, it is appropriate to more fully discuss the
present &researah £findings in the aontsxt of the theory and-
rvesearch relevant +to both the analoglcal reagoning and
mental worklcoad paradigms, reviewed in Part 1 of this
thesis,

"componential Analysis" Revisited

The discussion of results thug far has focused on two kay
aapects of the present expgarimental design: stimulua
complexity and the Iinfluence of task demands on solution
strategy. It is now relevant to reconsider Sternberg's
(1977) componential theory of analogical reasoning and the
claims made about it, 1n the context of the results yielded
by the present research.

It was stated in the section 3ims of the Present research
in chapter 4 that the aims of the present study were
twofold, Firstly, in the context of the present research

findings, to investigate the generalisability of tha basic
componentigl models proposed by Stermberg {1977) as best
defining task performange on Nondegenerats forced choice
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geometric analogy items, ahd secondly, propose modals that
best define task performance on Degenerate and
Semidegenerate forced choice geometric analogy ifems, in
terms of performance compohents adopted and oxder of
component execution.

- Given that proceSS models of task performance, hased on

subjects' post hoc introspestive reports for Degenexvata, -
semidegenerate and Nondegensrate forqu qhoice_géometric
analogy items wera presented in the section Task Structure
and Solution Strategy earlier in this chapter, thereby
satisfying the second of +%he abovenentioned aims, it

remains necessary, at this juncture, &o evaluate the
generalisability of the ocomponaential models proyosed by
Sternberg (1977) as best defining +task performance on
Nondeganerate foraed choice geometric analogy items.

The four alternate componentisl models of analogical
reasoning proposed by Sternberg (1977) were discussed
previously, and illustrated by means of process models in
the =ection Componential #Models of Analogical Reasoning -
in chapter 3, ' '

It iz noted by Sternberg ({1977) that, based on the data
vielded by his Geometric Analogy Bxperiment (1977), Model X
(page 124) 1e clearly worst at accounting for subject
performance on the exgerimental items, whereas Model IIT
{page 128) i= oclearly better than the others, accounting
for 70% of the varlance in the data.

For present purposes, the process models developed from
sukjects' post heoc introspective reports pertaining to 1
alement - 1 transformation and 3 element - 3 transformation
Nondeganerate  forced ochoice geometris analogy  item
solution, presented in the sestion Nondegenerate Gecmetric
Analogy Subjective Task Strategy Types earlier in this
' chapter, will be evaluated against the componential models
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proposed by Sternberg (1977) in order to assess firstly,
the generalisabilty of the latter models, and secondly,
Bternbery's (1977) coententlon that Modael IIT acoounts
better than the other models for subject performance on
Fondegenerate forced choice geeometric analogy items.

Separate evaluations will be presented for the 1 elament -
1 transformation MNondegenerate process models and the 3
alement - 3 transformation Nondegenerate process models.

1 ZElement -~ 1 Transformation Nondegenerate Fordged Choice
Geometric Analogy ¥Yroocess Models '
The ﬁrocass nodals develeoped from subjactst! post hoe
introspective xzeports relating +to 1 element - 1
transformation  Nondegenerate item =solution shall ke
evaluated against the componential wmodels proposed by
Sternmberg (1977) in terms of performance comporents adopted
and order of component execution, ' '

The process mode] presented in Figure 6.4a (page 296)
sorresponds cleosely with each of the componential models
proposed by Sternberg (1977). A major difference between
this procegz model and the models prbposed by Sternberg
(1977) however,, i# +he abeence of the mapping process
incorporated into each of the Sternberyg models, immediataly -
following the encoding of the third analogy term.

The process model presented in Figure 6.4b (page 297}
corresponds identically with the componential models
proposad by Sternberg (1977), in terms of performance
componenta adopted and order of compeonent: execution. A
subtle difference however, is that whereas the mapping
procedure incorporated into the Sternberyg models involves
identification of the relatlon between the £irst and third
terms of the ﬁnalcgy, the mapping provedure incorporated
inte the process model presented in Pigure &.4b involves
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‘the identification of the relation between the third and
second terms of the analogy.

The process mnodal _presented in Plgure 6.4c (page 298)
correzponds  identically with the componential medels
. proposed by Sternberg (1977), in terns of perfnrmande
components adopted and order of component exeacution. Two
noticeable differences do however, exist bétween this
process modal and +the Sternberg models. Flrstly, whereas
the apping procedure incorpofated inte the 8ternberg
" models involves identifjecation of the relatinn'betWeen the
- Eiret ‘and third terms of the analogy, the mapping precedure
incorporated ints the process model presented in Figure
6.4c invelves the identification of the relation between
the third and second terms of the analogy. Secondly,
whereas the application procedure incorporated into the
Sternberg models involves comparison of the third analogy
texrm with each. sanswer option, <the application procedure
. incorperated inte tha process madel presented in Figure
6.4c involves comparigon of +the second analogy term with

each answer option.

The process model presented in PFlgure 6.44 (page 298)
corresponds  identically with the componential models
proposed by Sternberg (1977), in terms of performance
compeonents adopted and order of component executlon. No
differences whatsoever were identlfied between this process
model and the Sternherg models.

In general +he process models representative of subjects!
performance on 1 element - 1 transformation Nondegenerate
items, presented in Figures 6.4a - 6.4d, correspond closely
with  tha Sternbery models in tezms of performance
components  adopted and order of ocomponent execution,
However, oclomex examination of the inferense, mapping and
application procedures incorperated into these prooess
models, In particular the actual operations invelved in
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these procedures, reveals the eaxistence of variations
batween three of these models (i.e., those presented in
Figures 6.4a, . 6.4b and. 6.4c) and the Sternherq models,
whilet the process model presented in Figure 6.4d
correspdnds identiemlly with the Sternberg models as they
would apply to 2 dement - 1 transformation Nondegenerate
forced choice geomatric analogy item solution. Howaver, it
is significant to note that this process model (strategy
type) was repoxtedly empldyed by only 5% (3/60) of the
subjects. ' '

3 Element - 3 Transformation fNondegenerate Foroed cacice
Gaometric Analogy Process Models

It will be recalled from the section Nondegenerate
Geometric Amnalogy Subjective Task Strategy Types earlier
in *his chapter that in terms of performance components
adopted and order of component execution, the dominant
subjective task stfategy types identified from subjects’
post hoc introspective reports relating to 3 element - 3
transformation Nondegenerate items (illustrated by the
process models presented in Figures 6.5a = 6.5d) were
identical to those reported for the solution of 1 element -
1 transformation Nondegenerate items (illustrated by the
progese models . presented in Figures 6.4a - 6.4d). Given
this congruence between 1 element - 1 transformation and 3.
glement -~ 3 transformation Nendsgenerate strategy types,
and since +the progess medels representative of 1 slement -~
1 transformation Nondegenerate item solution have already
been campared with Sternberg's {1977) componential models
in terms of performance coomponents adopted and order of
component execution, it 4s not necessary to compare the 3

element - 3 +transformation Nondegéenerate process models
with B8ternberg's models .on the same dimensions. Rather,
the 3 element - 3 transformation -Nondegenerate process

models will be evaluated against the componential wodels
propesed by Sternberg (1977) on the dimensions of nature
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of dinference, mapping and application procedures (i.e.,
self-terminating or exhaﬂétive), and moda of optien
scanning (i.e., segquential or alternate).

It will be noted that the nature of the inference and
application procedures (i.e., self—terminating); and the
mode of option scanning (i.e., alternate) of the process
model presentéa ~in Figure 6.5a (page 303) correspond most
closely with the related procedures in Model IV proposed by
Sternberg (1977}. The mapping procedure incorporated into
Sternberg’s Model IV is however, absent from this process
modeld . ' ) ) i

The nature of the -inference, mapping and application
procadires (i.e., self-terminating), and the mode of uption
scanning (i.e., alternate) of the process model nresentad
in Figure &.6b (page 304) cofrespond most olosely with the
related Dprocedures in Model IV proposed by - Sternberg

(1977). The major varlation between this process model and
Sternberg's Nodel IV is the difference in the actual
opevations involved in their respective mapping
procedures. This difference was discussed in the preceding

gectlen 1 Element - 1 Transformation Nondegenerate Foxcad
Choice Geometric Analogy Process Models.

The nature of +the inference, mapping and application
prodgedures (i.e., self-terminating), and the mode of option
scanning (i,e., alternate) of the process model presanted
in Pigure 6.5c (page 305) correspond most closely with the
related procedures in Model IV proposad by Sternberg
(1977). The major wvariations between this process model
and Sternberg's Model IV are the diffarences in the actual
operations invoived in their regpective mapping and
application procedurss. Thesa diffsrenoes were discussed
in the preceding seation 1 Element -~ 1 Transformation
Noﬁdegeneraté Porced Choice Geonstric Analogy Process
Models. ' : '
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The nature of the mapping and application procedures (i.e.,
exhaustive), and the modea of option scanning (i,e.,
alternate) of the process model presented in Figure &.5d
{page - 3068} corxrespond most wclosely with the related
procedures in Moedel I proposed by Sternberg (1977). The
major variation between this process'ﬁadel and Sternberg!s
Mode)l I centres on the nature of the inference procedure,
which in the former model is self-teyminating, and in the
latter model exhaustive.

on the basis of performance components adepted, order of
component  execution, nature of - inference, . mapping and
applicatien procedures and mode &Ff eption scahning, the
process models presented in Figureg 6.5a ~ 6.5d correspond
reasonably well with certain of the gomponential models
propcsad by Sternberg (1977). The process modals presented
in Pigures 6.5a, 6.5b and 6.50 correspond most closaly with
Model IV propeosed by Sternberg (1977), while the process
nodel presented in PFigure 6.58 corresponds most closely
with Model I proposed by Sternberg (1977)}. Hawever, glven
the variations identified between the experimental process
models and the Sternberg models with which they nost
closély correspond, it is evident that nohe of the models
proposed by Bternberg (1%77) fully accounts for the present
performance data pertaining to 3 element - 3 transformation
Ncﬁdegenerate forced choice geometric analogy  item
solution.

Clearly the similarities in experimental design . and
execution between this xesearch and Sternberg's (1977)
Geometric Analogy Experiment have contributed significantly
to +the broad correspondence of presant performance data
with +that produced by Stexnberg's (1977) study. However,
of egual importance, there are a number of experimental
reasons why data from the present research may not directly
match that Ffrom other research investigating the
performance = components involved = in geometric analowy
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problem solving (e.g., Sternberg, 1977; Mulholland et al.,
1980; Pellegrine and Glaser, 1980; Pellegrine and Kail,
1%82), i.e., the use of *wo precuasing conditions (a
procedure oniy employed by Sternbery (1977}); the usge of a
large mnumber of truly experimentally naive subjects; the
controlled use of instructions, and the investigation of
within, as WEll_as between subject performance on items of
varying complexity. Earh of these features in the design
of the prezent study will 1likely produce some departure
from the usual axpected gaometric analogy problem solving
resulits.

However, these design features alone fail to provide an

explanation of the findings. They serve marely to
reinforee the intention that where ‘there is no
experimaenters' bias and where there has been an attempt to
minimise experimenter effects, there is less likeiihood of
dertving a cleaxr, uniform set of results.

To =zummarise +the discussion so far, there are indications
from the dinspection of results partitioned by subjective
report and judgement codes that there are non random
effects attributable +to strategy differences and stimulus
complexity asscciations. Howevey, there is no apparent
explanation as to whether these effects are meaningful, and
if so, whether they could at all be attributed to the level
of mental workload experienced by subjects during tasgk
performance. This issue will bhe returned to in tl.e section
Componential Analysis and Mental Workload later in this
chapter, i

bDespite the evidence reviewed in the previous two sections
of +this chapter (Stimulus Complexity and Task Performance
and Tagk Structure and Solution Strategy) it appears that
the ‘use of subjective reports is unlikely to help elucidate
the range of geometric analogy processing strategies masked
within the data relavant to each geometric analogy type.
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It would therefore ba meaningless to categorise sach sub
group as a specific strategy type as if it represented some
distinct type of information processing strategy. Such
naive 4g&istinctions would serve only to cloud the issue
further. '

In an attempt to overcome this impasse it will be useful to
conduct a more rigorous and less prescriptive investigation
of +the patterns that exist within the data matrices as they
apply to each of the experimental geometric analogy types,
and to examine the results of the oluster analysis
procedures reported in Chapter 5. -

Clusters and Stimulua Properties

It will be recalled fro the section Subjective Influences
and ¢Cluster BAnalysis in Chapter 4 that the essential value
of clustering algorithms and the cluster analysis concept
iz the avoldance of having to partition data sets on the
bhasis of previously decided experimental conditions.

In +the smection The Cluster Analysis Procedures in Chapter
5 it was sgtreased that part of the Jjustificatlon fox
applying a o©luster analyéis to the main data sets was the
agsumption that there existed variation, structure and
pattern within each of the data matrices and that thils was
the result of the experimental independent variables. The
value of oluster analysis techniques such as the FASTCLUS
algorithm 1s precisely in the avoidance of a priori
classifigation of data subsets and a predilection for a
neat linear, sequential congtraint to the explanatien of
any such data subsets; partiocularly so when the
predilsction is shaped by the weak evidence of subjects:®
verbal reports of introspective strategy.

From +the section The Cluster A2Analysis Procedures in
Chapter 5, it will be recalled that the FASTCLUS algorithm
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produced a consistent and robust cluster solution for each
of the four data metrices (see Table 5.6a {page 224), Table
5.7a {page 233). Table 5.8a (page 240) and Table 5.%9a (page
247); so much so that these cluster solutions remained
unchanged deszpite +the use of'techniques designed to permit
the algorithm to produce up to twenty clusters.

Az it is an essential assumption . that each of the four
cluster soluticns are directly related to the pattern or
réructure inherent in each of the four data matrices and
+ a8 direetly attributable +to the . effects of the
independent variables in each of the faotorial experimental
designs, it follows that any inspettion for an information
‘processing basiz for these solutions should concentrate on
the guantitative and qualitative”effects; main, interaction
and contrast, of these variables.

The more abviocus explanation #for each of the cluster
golutions, il.e., that the partiticns were caused by.
variables such as handedness or gender, has been discounted
previcusly in chapter 5. Similarly the possibility that
subjective JIndgements about task strategy and item
complexity wmight be the basis for each of the cluster
solutions is not supported by either binomial two-tail
tests * chi s=guare tests of association as reported in
Chapte ..

For pregent purpcses a separate investigation will be
conducted on the cluster solutions relevant to each
experimental geometric analogy type.

The Dege.. cate Forced Choice Geometric Analogy Cluster
Sulution ' ' '

It will pbe recalled from the section Degenerate Forced
Cholce Geometric Aanalogy Cluster Solutions in Chapter 5,
*that +the FASTCLUS algorithm produced a consistent and
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robust two cluster solution from the Degenerate data matrix
(see Table 5.8a on page 224, and nssoclated texi).

A useful place to begin the invéstigation of the effects of
the independent wvariables in the Degenerate ractorial
experimental design, is the iﬁspection of means in Table
5.6k (page 227}.

Most notlceable is that the means for cluster 2 (N=56) axre
always representative of much ‘faster ‘response btimes per -
factorial condition than the means £or cluster 1 (N=4),
typically displaying  about a 5§5% differential. Also
evident,. for both ¢lusters, is that the mean response time
" for jtems twresented in the +two cue condition are
‘consistently faster than those for items presented in the
zerc cue candition and, furthermore, that an increase in
the rumber of ‘elaments per term was directly proportional
te an increase in response times for items presented in
both precueing conditions. fThua, it would appear that the
response time effect, Ffirgt observed in Table 5.l1a (page
180}, is still in evidence. :

Assumably %he difference in rapidlty between ocluster 1 and

ciuétar 2 response pattarns 1is one of the strong réasans

for +the clustering algorithm's execution of the cluster
solution, however, closer examination of the effects of the

Degenerate  experimental Iindependant wvariables indicates

that the sheed of decision making alone does not appear to

be the sole basis for the solution.

The f£irst essential observation about the two clusters is
that whereas cluster 2 displays a highly significant main
effect Ffor Cue {precveing condition), ocluster 1 displays a
nmild, nen significant wmain effect (see Table 5.6c pade
230) . A more detailed inspectlon of this effect through
the Gue oontrasts in Table 5.5d (page 231) indicates that
for oluster 2 there iz a highly significant difference
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between cCue 1 ani 2, whilst for cluster 1 there is only a
mild, mnon significant difference between Cue 1 and 2. This
distinetion is of qualitative interest and will be returned
- to in the =section Degenerate 2Analogy cClusters and
Individual Diffnrences later in this chapter.

The . -cond essential differences 1s tha indication in Tahle
5.6c of a highly significant main effect for Element
(number of elements per term) in cluster ° but only a mild,
‘non significant main effect for Element in cluster 1. More
detailed inspection of this effect through thea Element
contrasts in Table 5.6d indicates that each of the three
Element conditions_ 1, 2 and 3, produce significantly
‘different response +time effects within cluster 2, whilst
for ocluster 1 +there are noticeable but non significant
differencas between Elemants 1 and 2 and Elements 2 and 3,
"but there is a mild, non signifiocant difference batween
Rlements 1 ard 3. Expressed more succinctly, 81 - 2 < 42 -
3 < 41 - 3 (yhere d = difference between} which suggests a
temporary succession of strategy modification in cluster
1. This distinction, though strictly non significant in
terms of predetermined alpha levels, is of gualitative
interest and will be returned to in the sectlon Degenerate
Analogy Clusters and Individual Differences later in this
chaptar.

Similarly, =£from Table 5.6c (page 230}, the distinction
between clusters for a highly significant Cue x Element
interaction for cluster 2 is worthy of further qualitative
speculation, particularly in view of the noticeable but
non significant presence of the effect in cluster i.
again this will be returned to in the section Degenerate
Analogy Clusters and Individual Differences later in this
chapter,
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She Senidegenerate {(A:A::B:B) Forced Cholce Geometric
Analogy Cluster Solution

It will be recalled from the section Semideéenerata
(AzA:iB:B) Forced Choice . Geometric  Analogy Clustar
Solutions in Chapter 5, that the FASTCLUS algorithm
produced a consistent and Yrobust three cluster solutian
from the Semidegenerate (A:A::B:B) data matrix (see Table
5.7a on page 233, and associated text).

A useful place to begin the investigation of the effects of
the independent ' variables in the Semidegenerate (A:A::B:B)
factorial experimental design, is*the inspection of means
" in Table 5.7b (pages 234 to 236). o

Most noticeable is that the means for ¢luster 2 (N=24) are
always zepresentative of much faster response times per
‘factorial condition than the means fo. cluster 1 (N=33)
{typically displaying about a 22% differential), which in
turn are always répresantative of faster response times per
factorial condition +than the means foxr cluster 3 (N=3}
(typlcally displaying about a 58% differential). Alsc
evident, for each of the three clusters, is that the mean
response times Ffor items presented in the two cue condition
ere congistently faster than those for items presented in
the =zers oue condition and, furthermore, that increases in
poth the number of elements per term, and number of
transformations between terms are directly, proportiomal to
inoreases in zresponse times for items presented in both
precueing conditions. It is important +o nota that an
increase in ‘the nuwber of transformations between texrms
resuits in a more significant increase in response times
than does an increase in the number of slements per term.
apparently evaluation of transformations took more time
than did-  element analysis and was the primary source of
increases in response time. Thus, it would appear that the
response time effeut, filrst observed in Table 5.2b (page

181), is still in evidence.
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Assumably the difference in rapidity between cluster 1,
cluster 2 and ocluster 3 response patterns is one of the
strong reasons for the clustering algorithm's execution of
the cluster solution, however closer examination of the
effects of the Semidegenerate (A:2A::B:B) experimental
independent variabi.s indicates that the speed of decision
making alone does not appear to be the sole basis for the
solution. :

The first essential observation about the three clusters is
that whereas clusters 1 and 2 display a highly significarnt
main effect for Cue (precueing condition), Cluster 3
dispiays a noticeable but non significant main effect for
" Cue (Table 5.7c¢; page 238]. A more detalled inspection of
this effect through the Cue contrasts in Tabla 5.74 .{page
239) indicates that for clusters 1 and 2 there is a highly
significant difference between Cue 1 and 2, whilst for
cluster 3 there is a noticeable but non significant
difference between Cue 1 and 2. This distinction is of
qualitative interest and will be returned to in the section
Semidegenerate (A:A::B:B) Analogy Clusters and Individual
Dififerences later in this chapter.

The second essential difference is the indication in Table
5.7c¢ of a highly signifigant main effect for Element
{(number of elements per term) in clusterg 1 and 2, but only
a mild non significant wain effect for Elemant in cluster
3. A more detailed inspection of this effect through the
Element ocontrasts in Takle 5.7d indicates that sach of tha
three Element conditions 1, 2 and 3, produce significantly
different regponse tim' effects within clusters 1 and 2,

whilst 21 - cluster 3, ' . ¢ Insignificant differences
between ZEBlements 1 ar stessed more succinetly; d2 -
3 < d1L - 2<7° .2 d = difference batween} which
suggésts a ‘temp: wccesslon of strategy medification in
cluster 3. “w.is distinction, though strietly non

significant in terms of predetermined alipna levels, ls of

334




qualitative interest and will be returned teo in the section
Semidegenerate (A:A::B:B) Analogy Clusters and Individual
Differences later in this chapter.

similarly, from Table 5.7c (page 238), the distinction
between clusters for a mild, non significant Cue x Element
interaétioh for cluster 1 is worthy of further gualitative
speculation, particularly in view of the noticeable but nen
significant presence of the effect in cluster 2, and
absence of the effect in cluster 3. Agaln this will be
‘returned to in the _sectibn Semidegenerate (A:A::B:BJ'
Analogy <Clusters and Individual Pifferences later in this
chapter. "

0f more distinction is the indication in Table 5.7¢ of a
highly significant main effect for Trans (number of
tranaformations between terms) in clusters 1 and 2 but oniy
a mild, non gignifigant main effect for Trans in cluster
3. i more detat” * ' pection of this effect through the
Trans contrasts in Table 5.7d indicates that for clusters 1
and 2 there exist highly significant differences between
Prans 1 and 32, whilst for Cluster 3 there is a mild, non
gignificant difference between Trans 1 and 2. This
distinction is of qualitative interest and will be returned
to in the section Senmidegenerate (A:A::B:iB) Analogy
clusters and Individual Differences later in this chapter.

Also of interest, from Table 35.7c, is the distinction
between clusters for a non significant Cue .x Trans
interaction for cluster 1, particularly 4in wview of the
absence of the effect from clusters 2 and 3. This
distincetion is wafthy of qualitative speculation ard will
be 7returned to in the  gection Semidegenerate (A:A::B:B)
Analogy Clusters and Individual Differences later in this
chapter.

Of further interest, alse from Table 5.7¢ is the
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digtinction between clusters for a mnmildy signlficant
Element x Trans intsraction for cluster 2, particularly in
view of the mild, non significant presence of the effect in
clugter 1, &and noticeable but non significant presence of
the effect In cluster 3. This distinction is of
gualitative interest and will be raturned to in the section
Semidegenerate (A:A::B:B) Analooy Clusters and Individual
Differences later in this chapter.

The Cue x Element x Trans interaction (Table 5.7¢) proves
insignificant for clusters 1, 2 and 3. TFhis finding will
receive further attention in the section Semidegsherate
{A:A3:B:B) Analogy Clusters and "Individual Differences
later in this chapter.

The  Semidegenerate  (A:B::A:B} Forced Choice Gaeometric
Analogy Cluster-Solution

It will ©be reczlled from the section Semidegener:te
{A:A::B:B) Forced Choice Geomebtrie  Analogy — Cluster
Solutions in Chapter &, that the FASTCIUS algorithnm
produced a consistent and robust twe cluster solution from
the Semidegenerate (A:B::A:B) data watrix {see Table 5.8a
on page 240, and associabed texh:).

A useful place to begin the investigation of the affacts of
the Aindepaendent v. ables in the Semidegenerate {A:B;:A:B)
factorial experimental de=ign, is the inspection of means
in Table 5.8b (page 242 to 243) .Most noticeable is that the
means Ffor cluster 2 (N=57} are always repres ~tative of
much Zfasi:r response times per factorial condition than the
means for cluster 1 (N=3), typically displaying about a 55%
differential. Also evident, for both clusters, is that
mean response times for items presented in the two cue
condition are wconsistently faster than those for items
presanted in +the zero cue condition and, furthermore, that
increases 1In hoth the number. of elements per term, and
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number of transformations betwaen terms are directly
proportional to increamea I1n response +times for items
presented in both precueing conditiens. It is important to
note +that an increase in the nunber of transformations
between terms results in a more significant inorease in
response times than does an increase 'in the number of
elements per tarm. Apparently evaluation of
transformations tock more +time than did element analysis
and was ‘the primary source of increases in response time.
Thus, it would appear that the response timae effect, first
observed in Table 5.1c (page 182), Is stily in evidence.

Assumably the difference in rapidity between cluster 1 and
cluster 2 response patterns is one of the strong ressons
for the clustering algorithm’'s ekeocution of the cluster
solution, hawever, closar examination of tho effects of the
Semi.egenarate (AiB::A:B) experimantal indaependent
variablas indicates that the speed of dzoision making alone
does not appear te be the sole basis for the solution.

The Ffirst essential observation about the two clusters is
that whareas cluster 2 displays a highly significant main
effact for cCue {precueing condition}, cluster i displays a
mild, nen significant main effermt (Table 5.8c; page 245).
2 more detalled inspection of thilz effect through the Cue
gontrasts 1n Table 5.84 (page 246) indicates that for
clustar 2 there is a highly significant difference betwaen
cue 1 and 2, whilst for cluster 1 there is only a mild, nen
significant difference between Cue 1 and 2. This is of
gualitative Interest and will be returned to in the section
Semidegenerate (A:B::3:B) Analogy Clusters and Tndividual
Differences later in this chapter.

The sacond essential difference is the indication in Table
5.80 of a highly significant main effect for Elewent
(number of elements ;uer term} din cluster 2 but only a
noticeable, non significant main effact for Element in
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cluster 1. A more detailed inspection of the effect
through the Element contrasts in able 5.8d indicates that
each of <the three Element conéitions 1, 2 and 3, produce
significantly different response time effeots within
cluster 2, whilst for oluster 1 there are no real

differences evident from each pair comparison. This

distinctioh is worthy of further gualitative speculation

and will be returned to in the seotion Semidegenerate'
(azB::A:B) Analogy <¢lusters and Individual Differences

later in this chapter. ' :

Similarly, from Table 5.82, the distinction between
clusters for a highly significant Cde ¥ Element interactiocn
. effegt for cluster 2 is of gqualitative interest,

‘particularly in view eof the absenoe of the effect in
cluster 1. Again this will be returned to in the section
Semidegerierate (A:Bi:A:BE) Analegy Clugters and Individual
Differences later in this chapter.

of more distinction is the indication in Table 5.8c of a
highly significant main affeoct for Trans (number of
transformations betwsan tarms} in cluster 2 but only =
nhoticeable, non significant main effect Ffor Trans in
cluster 1. A nore detailed inspection of this effect
through +he %rans contrasts . in Table 5.84 indicates that
for cluster 2 there is =& highly significant difference
between Trans 1 and 2, whilst for cluster 1 there ls a
noticedable, non significant difference hétween Trans 1 and
s 2. This distinction is worthy of further gualitative
'speculaticn and will be xeturned to in the section
Senidrgenerate (A:iB::A:B) Analogy Clusters and Individual
Differences later in this chapter.

Alsco of importance, f£rom Table 5.8¢, is the distingtion
between oclustars for a mildly - éignificant Cue x Trans
interaction for cluster 2, particularly in view of the
absenge of the effect in cluster 1, Thie distinction is of
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qualitative interest and will be returned to in the section
Semidegenerate (A:B::A:B) Analogy Clusters and Individual
Differences later in this chapter.

0f  further  interest, also from Table 5.8c, is the
distinction between clusters for a highly significant
Element x Trans interaction for cluster 2, particularly in
view of the absence of the effect in cluster 1. This
distinction wa#rants further gualitative speculation and
will be returned to in the section Semidegenerate
{h:B:1A:B)  Analogy Clusters and Individual Differences
later in this chaptex. '
Lastly, from Table 5.8u, the distinction between clusters
for a highly Significan£ Cue % Elament x Trans interaction
for ocluster 2 is of gualitative interest, given the abzence
of the effact in cluster 1. Again this wlll be returned ta
in +the section Semidegenerate (A:B::A:B) Analogy Clusters
and Individual Differences later in this chapter.

The Nondegensrate TForced Choice Geometric Analogy Cluster
Solution

It will be recalled from the seoction Nondegenerate Forced

Choice Geometric Analogy Cluster Solutions in Chapter 5,

that the FASTCLUS algorlithm produced a consistent. and

rabuigt {three clugter sgolution from the Nondegenerate data -
matrix (see Table 5.9a8 on page 247, and assoaiated text).

A useful place to bagin the investigation of the effects of
the independent variables in the Nondegenerate factorial
axperimental design, is the inspection of means in Table
5.9k (pages 22% to 251).

¥ost noticeable i1s that the means for cluster 2 (N=34) ars
always representative of much faster response times per
faotorial .conditien than the means Ffor cluster 1 (N=31)

339




{typically displaying about a 23% differential}, which in
turn are always rapresentative of faster response times par
‘factorial condition +that the means for cluster 3 {N=5)
(typically displaying about a 40% differential). Also
evident, for each of the three clusters, 1is that mean
response times for ltems presented in the two cue condition
are consisténtly fagter than these for items presented in
the zero cue oondition ang fﬁrthermore, that increases in
both 1the number of elements per term, and number of
‘transformations between terms are directly propertional to
increases In reeponse tipes for items presented in beth
precuaing conditions. It is important +to note that an
increase in the number of transformations between terms
‘results in a wmore significant increase in response times
than does an Inorease in the number of elements per tern.
Apparently evaluation of tranafurmations took more time
than did element analysis and was tha primary sourde of
increases in response time. Thus it would appear that the:
response time effect, first observed in Table 5.1d {page
183), is still in evidence.

Assumably +the difference in rapidity between cluster 1,
cluster 2 angd clustar 3 response patterns is one of the
strong reasons Ffor the clustering algorithm's execution of:
the cluster solution however, closer examination of the
effacts of the Nondegenerate experimental independent
variables indicates that espeed of decision making alone
" does not appear to be the sole basis for the solution.

The first essential observation about the three clusters is
that all three display a highly significant main effect for
Cue (precueing condition) (see Table 5.9c page 253)., A more
detailed inspection of thils effect through the Cue contrast
comparison in Table 5.4 (page 254} raveals that both of
the Cue eonditions produce significantly different response
time effects within sach cluster.
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The second assential difference ls the indication in Table
5.9c of a2 highly significant main effect for Element
{number of elements per term) in all three clusters. A
more detailed investigation of this effect through the
Element contrasts in Table 5.9d indicates that each of the
three Element conditions 1, 2 and 3, produge significantly
different respongse time eaffacts within cluster 1 and 2
whilst for cluster 3, there is a mild non significant
difference Dbetween BElements 1 and 2 and mild significant
differences between Elements 1 and 3 and BElements 2 and 3. '
Expressed morxe succinctly, d@l-2 < d2-3 < di-3 (shere d =
difference betwean), which suggests a temporary succession
of strategy modification in cluster -3, 7This distinction is

< of gualitative interast and will be returned to in the

- ‘section Nondegenerate 2naiogy Clusters and Individual
Differences later in thisd ~hepter.

Similarly, from Table 5,8c, the distinction between
‘clusters for a highlr significant Cue x Element interaction
rfor cluster 1 is worth, r* further qualitative speculation,
particularly in wview of the mildly significant presence of
the effect in cluster 2 and the non significant presence of
the effect in cluster 3, Again this will be returned to in
‘the section Nondegenerate Analogy Clusters and Individual
bifferences later in this chapter.

0f furcvher distinction is the indication in Table 5.3¢ of a
highly significant wmain effect for Wrans (nurier of
transformation between terms] in all three clustars. A
more detailed investigation of this effect through the
Trans contrasts in Table 5.%d indicates that each of the
three Trans conditions 1, 2 and 3, produce significantly
different response %time effects within clusters 1 and 2,
whilst for oluster 3 there is =& mild, non significant
difference between Trans 1 .and 2, and mildly significant
diffferences betweent Trans 1 and 3 and Trans 2 and 3.
Expressed more succinotly, di - 2 <-d2 - 3 < d1 - 3 {where
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d = ‘difference between), which suggests a temporary

succession of strategy modification in oluster 3. This

distinction is of qualitative interest and will be returned
to in the section Nondegenerate Clusters and Individual
Diffexrences later in this chapter. :

2lso of interest, from Table 5.%c, is the distinotion
between clusters for a highly significant Cue x Trans
interaction for clusters 1 and 2, particularly in view of

‘the mild, non significant presence of the effect in cluster

3. This disgtinction is of qualitative interest and will be
returned +to in the section Nondegenerate Analogy Clusters
and Individual Differences later in this chapter.

Of further importance, also from Taple 5,90, is the
distingtion between clusters for a highly s=significant
Element x Trans interaction Ffor ciusters 1 and 2,
particularly in view of the noticeabla but non significant
presenca of the effect in cluster 3. This distinction
warrants  further gualitative gpeculation and will be
returned <o in the section Nondegenerate Analogy Clusters
and Tndividual Differences later in this chaptey.

Lastly, from Table §.9c¢, the distinction between clusters
for a highly significant Cue x Element x Trans interaction
for c¢lusters 1 and 2 is of gualitative interest, given the -
absence of the =2ffect iIn cluster 3. Again this will be

.returned +to in +the section Nondegenerate Analogy Clusters

and Individual Differences later in this chapter.

As noted +throughout this section, the points raised in the
discussions concerning the cluster golutions relevant to
each of the experimental geomstric analogy types, will
recalve further attention in tha section "Clusters and
Individual Differences next in this chapter, In the
context of the wider implications for an information

processing foundation for cluster membership.
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Clusters and Individual Differences.

A poinkt of major oconcern Ffor +he- pfesent regearch
objectives is that most attempts in psychology Lo identify
individual differences in cognitive task  performance in
general, and analogy task performance in particular (e.g.,
Sternberg 1977) have tended to assume one a priori approach
to task completion and have therefore, to a large extent,
neglected to pay attention to gqualitative variations ip
task performance (Just and Carpenter, 1985}. -

Even different wversions of the same psychometric test may
ellcit different strategies (Just and Carpenter, 1985) but,
because of the dominant tendency +to analyse performance
through factor analytlc technigues or through tha egually
assumptive spproaches of "cognitive components" (Sternberg,
1977) or "cognitive - correlates” {HEunt, Frost  and
ILunhenbarg, 1973), may still be described as essentially
identical in the psychometric  literature  (Karlins,
sahuerhoff and Kaplan, 1967).

It may well occur that gontrasting étrategy selaction on
the part of =subjects ls simply not contemplated.
pifferences are still treated guantatively at the expense
of qualitative _ investigation and tha interpretation of
strategy changes and alterations, both within and between
individuals, 1s subsequently restricted.

The tendenoy to oversimplify task demands and data
¢lassification, because of theoretlical constraints, has
served to lmpair previoﬁs regearch inte the component
cognitive procvesses involved in analogical problem solving
{e.g., 8ternberg, 1377).

More explicitly, as noted in the section Problems with
Componential Analysis in Chapbter 3, the scope for
variation 1s restricted within models based on formal
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expectations - about task structure and the sequance of task
componants and processing steps. Conseguantly,
explanations and desoriptions are bound by the prescriptive
terms of the models themselves. '

In the section Subjective JInfluences on Cognitive Task
Performance in Chapter 4, reservations were also raised
about the value of forming theorles of individual
differences in analogical reasoning based on the
investigation of individuals' performance data from small
groups, such as N = 24 (Sternberg, 197%) or N =28
(Mulholland et al., 1980). It is the gontentlon of this
thezls that such sample salizes are insufficient to
faoilitate the application of a suitable data reduction
technique for the purpoée of identifying the range of
sclution strategies available for analogy task solutiom in
general, and geometric analogy task solution in particular.

Such gelf fulfilling approaches are further contaminated by'

the use of hypothesis sophisticated subjects who have

undergone  implicit strategy  priming (2.q., Sterﬁherg,
1877}, and explanatory predilection on the part of
researchers in the fileld.

In the present study, whilst care waz taken to maintain a
level of Bsubject naivety and to avercome the shorteomings
associated with samall groups of subjects by use of a much
larger sampie, the collaction of data for subjective itenm
complexity and atrategy and its use in partitioning the
data set atill retains the same restrictionz . for
axplanation.

wnilst these subjective code groupings in themselves were,
partially at least, non random, the relationship between

" subjective grouplngs and performanca data is geharally less

conpelling. Thus, as discussed in the sectlon
"Componential . Analysis® Revisited earlier in this
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chapter, whilst the gubjective codes de provide some
evidence for non randomness of between group differences,
the nen exacting basis feor partition and the lack of
definitive performance differenoes between sub groups does
not make £for an attractive foundation for speculation or
theory’ devel-opment in the expleration of gaémetric analogy
problem solving.

In oontrast the cluster sclutions produced for each of the
experimental analogy types suggest something less
interpretation dapendent, Whilst there are definitive
clusterg for sach analogy type, thay do not, apart from the
obvious distinction of rapidity Dbetween cluster response
pattefns invite an interpretation through any of the usual
non explanatory 'dichotimies such as handedness gender,
etc, For each analogy type then, it is the subtle
differences between cluster properties, rather than their
ginllarities, that . should ba the foocus of Ffurther
cualitative speculation.

In addition, each of the clu cering solutions is based upon
calculable statlistical regularities (in aguared Euclidean
distance) which <o not appeal to catagorical expectations
formed from prior research findings. The cliuster solutions
do not appear - elther to ba associated wi-a introspective
reports or judgemeﬁts and there is conseguently no real
compulsion +to acoommodate these into any investlgation of
the information processing constraints on geometric analogy
task'perfprmance. -

Tt remains essential to ascertain the extent to which the
FASTCLUS algorithm ocan be trusted; the extent to which the
gluster solution oan be validated and the extent to which
the differences in oluster response pattexns for each

analogy type are an artefact of simple sbatistiecal

procedures.

345




' One: eandidate argument would be that the groupings for each
analogy type were a reflectiom of merely fast-siow

“partitioning of the columns of the respective data

matrices. Under this answer ohserved differences in ANOVEA,
CONTRAST and PROFILE procedurss would not represent a valid
solution - and would neot therefore repregent msaningful
differences in gecmetric analogy information processing.

Alternatively, 1f the FASTCIUS algerithm forms oluskters on
the basis of (Enelidean) spatial separation then the
formation of a consistent and robust cluster solution for
each geometric analogy type, where clusters are separated
by distance representative of speed differences, is perhaps
. inevitable, What is not inevitable is that for each
ex¥perimental analegy type exactly the same GIUStei
solutions  would endure desplte the algorithm being
instructed, through the specification of maximum initial
seeds, to select cluster seeds of every number from two to
twenty. This wouldé appear to suggest that the distance
separation between the clusters (comprising the cluster
solutions for each analogy type) is not an artefact but a
very xreal statistical regularity in each of the four data
sebs, Tt is the contention of this thesis that such
evidence of statistical regularity must be regarded as the
product. of subjects' information processing constraints as
revealed through the experimental task demands.

The evidence Ffrom the analysis reported in the section the
Cluster Analysis Procedures in chapter 5, indicates
therefore that +there may be a definitive qualitative and
guantitative distinction to be mada in terms of the
information  processing constraints operating for the
membership of the clusters comprising the cluster solutions
produced for each analogy type. -

A eseparate discussion will be presented for the cluster
solutions relevant to each of the experimental analogy
typas. )
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Degenerate Analogy Clusters and Individual Differences

Based on the cluster  solution produced for this analogy
type, one scenario might be that in cluster 1, where thare
is mild non significant evidence Ffor a €ue 2 < Cua 1 effect

(where Cue 2 = two cue precueing condition, and Cue 1 =
gera cue precueing condition}, mildly significant evidance

for a 1 Element < 2 HRlement < 3 Element effect (where

Element =  number of elements pear -analogy term), a

noticeable but non significant Cie x Element interaction

effect, together with a comparatively long overall response

latency for all cnﬁditions, cluster mewbers aras operating

on a comparatively slow, ocomparatively unstable strategy

- which, while appearing responsive to variations in tha

number of elements per analogy term, is only nildly

sensitive  to +the amount of precueing informatlon provided,

with +the effects of these fastors, i.e., Cue and Element,

appearing to be indepeﬁdent and additive rather than

interactive. Furthermore, this strategy éppears to be

subject to progressive modification over time (Element
related main and interaction effects). 'Parhaps'hera the
Blement factor ralated effects indicate strategy refinement
or iearning rather +than strategy alteration and may

therefore be in keeping with the item Ffamillarity affects

reported by Sternberg (1985}.

The strategy being applied by cluster 2 is somewhat
differant. Statistically significant evidence for a stable
cue 2 < Cue 1 effect, a stable 1 Element < 2 Element < 3
Element effect, and a statistically significant Cue x
Element interaction effect, together with a faster response
latency for all factorial conditions, sugyests that the
strategy employed by cluster 2 members is guicker, more
stable, and more tensitive to variations in both the amount
of precueing informatiem provided and variations in the
mmnber of elements per analogy %exrm, with the effect of
thase factors, - i.e., cue and Hlemetit belng highly
interactive. '
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Thus the relative speads between the Degenerate analogy
clusters appear to be accompanied by noticeable differences
in information processing constraints that ara not imposed
by demand characteristics bit by task demands.

Semidegenerate (&:A::B:B} Analogy Clusters and Individuoal
Differences '

Based on the cluster solution produced for ckiz analogy
type, one possibllity might be that in cluster 1L, where
there 1s =statistically significant evidence for a stakle
Cue 2 <  €ue I affect (where Cue 2 = two ¢ue precueing
condition, and Cue 1 = zearo cue”precusing cundition},'a
stable 1 Element < 2 Element < 3 Element effect (where
Element = number of elemeﬁts per analogy term), a stable 1
Trans < 3 Trans effect (where Trang = number of
transformations between analogy terms), and to a lesser
extent non significant interaction effects for cCue x
Element, Cue x Trans and Blement x Trans together with a.
comparatively long covarall responge latency for all
conditions, cluster membexrs ara operating - en a
comparatively sloﬁ, comparatively stable étratagy which is
sensitive to the amount of precueing information provided,
azs wall as variations in both the number of elements per
analogy term and number of transformations between analogy
terms. Furthermore, the Cue, Element and Trans factor
ralated effects appear to be independent anhd additive
rather than interactive. '

The strategy being applied by ocluster 2 is probably
similar. The evidence of the same Cue 2 < Cue 1 effect
ohgarved in cluster 1, as well as the same 1 Element < 2
Elemernt < 3 Klement effect, the same 1 Trans < 3 Trans
effect, and a similar norn significant interaction effect
for Cue x Blement, is all too similar in properties to the
fegturas identified in cluster 1. A mildly significant
Element =x Trans interaction effect for cluster 2 serves as
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the only distinguishing feature between it and cluster 1.
Thus it would appear  that the noticeable {and
signlificantly) faster response times recorded for cluster 2
members, over all factorial conditions, constifute the
'major_ reason for the clustering algorithm's saparating then
from cluster 1 members. The same explanation cannot be
offered for the clustering algorithw's =meparation of
cluster .3 members from both cluster I and cluster 2
nembers. ' ‘

The strategy .. 'ng applied by cluster 3 members is somewhat
different +to these applied by cluster 1 and cluster 2
members. Mild non significant evidence for Cue 2 < Cue 1,
., 1 Element < 2 Element < 3 Element and X Trans < 3 Trans

item complexity main effects, a non significant Element x
Trans interaction effect together with a very much slower
response latency for all factorial conditiens, suggests
that the strategy employed by clustar 3 members is slower,
less stable, less responsive to the amount of précueing
information provided, and leas sensitive to varlations in
both the number of elements per analogy term and number of

transformations between analogy terms, than the strategies

employed by either ocluster 1 or gluster 2 menbets.
Furthermore, this gtrategy appears to be subject to
prograssive mnodification over +time (Element related main
and linteraction effects). Perhaps here the Element factor
relatad effects indicate strategy refinement or learning
rather +than strategy alteration and mnay therefore be in
keeping with %the item familiarity effects reported by
Sternberg (1985). Furthermore, the Cue, Elewent and Trans
factor ralated effects appear to he independent and
additive rather than interactive.

Thus the relative speeds between Semidegaenesrate {A:A::B:B}
analogy olusters appear to be accompanied by both subtle
differatces {(betwean ocluster 1 and cluster 2} and
significant differences. (batween clustersz 1l and 2 and
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cluster 3) in Iinformation processing conﬁtrants that are
not imposed by demand characteristics but by task demands.

Semidegenerate (A:B::A:B) Analogy Clusters and Tndividual
Differences '

Based on the cluster solution produced for this analogy
type, one scenario might be that in cluster 1, where there
is mild non significant evidence for a Cue 2 < Cue 1 effect
(where Cus 2 = two cue precuding condition, and Cus 1=
zero oue - precuaing condit. ),  noticeabla but non
significant evidénce Zfor ‘botu a 1 Element < 2 Element < 3
Element effect (where Element = ‘number of elemerits per
analogy term} and a 1 Prans < 3 Trans effect {where Trans =
number of transformations between analogy terms), togethar
with a comparatively long overall response latency for all
conditions, aluster nembers are operating eon A
conparatively slow, comparatively unstable strategy which,
while appearing mildly responsive to the amount of
precuaing information provided, is only slightly sensitive
to wvariations in both +the number of elements per analogy
tarm and the number of transformations between analogy
terms. Moreover the Cue, Element and Trans factor related
affects appear to be independent and additive rather than
interactive.

The gtrategy being applied by cluster 2 is somewhat
different. Statistically esignificant evidence for a stable
tue 2 < cCue 1 effect, a stable 1 Element < 2 Elsment < 3
Element effect, a stable 1 Trans < 3 Trans effect, and
gsignificant interaction effacts for Cue ¥ Element, Cue x
Trans, Element x Tran+t and Cue x Element x Trans, together
with a faster réspnnse - Latency for all factorial
conditions, suggest that the strategy employed by cluster 2
members 1is guicker, more stable, more raesponsive to the
amount of precueing information provided, and more
sensitive to both “the number of elements per analogy t: ™
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any +the number of transformations between analogy terms.
Furthermore, +the <Cue, Element and Trans factor related
effects appear to be highly interactive.

Thus the relative speeds between the Semldegenerate
(A:B::A:B) analogy clusters appear to be accompanied by
noticeable dlfferences in information processing
constraints +that are not ilmposed by demand ¢ . reristics
but by task demands.

Nondegenerate Qnalogy Clusters and Tndividual Differences

Based on the cluster solution produced for this analogy
type, one possibility might be that in cluster 1, where
there 1is statistically significant evidence for a stable
Cue 2 < Cue 7 effect {where Cue 2 = two cue precueing
condition and Cue 1 = zero cue precueing condition) a
gtable 1 Element < 2 Element < 3 Element effect (where
Element = number of elements per analogy term), a stable 1
Transg < 2 Trans < 3 Trans effect (where Trans = number of
transformationsg between analogy terms), and significant
intaraction effects for Cue ¥ Element, Cue x Trans, Element
x Trans and Cue X Element x Trans, together with a
conparatively long overall response latency Zfor all
conditions, cluster members are operating on a
comparatively slow, comparatively stable strategy which is
sensitive +to the amount of precueing information provided,
as well as varilations in both the number of elements per
analogy ‘term and number of transformations between analogy
tarms. Furthermore, the Cue, Elament and Trans factor
related effects appear to he highly interactive.

The = ghkrategy being applied by cluster 2 is probably
gimilaxr. The evidence of the same Cue 2 < Cue 1 effect

cbserved in cluster 1, as well as the same 1 Element < 2
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Element < 3 Element affect, the same 1 Trans < 2 Trans < 3
Trans effect, and simllar significant interaction effects
for Cue X Element, Cue x Trans, Element x Trans and Cue x
FElement x Trans, is all too similar in prcperties to the
features identified in cluster 1. Thus it would appear
‘that the noticeable and (significant} faster response times
recordad for cluster 2 members, over all - factorial
conditions, constitute the najor reason for the clustering
algorithm's separating them from cluster 1 members. Tha
same explanation cannot he offered for +the clustering
algorithm's separation c¢f ocluster 3 mnembers from bcth
cluster 1 and cluster 2 members. .

The strategy being applied by cluster 3 members is somewhat
differant +to those applied by <c<luster 1 and cluster 2
members,  Most noticeable is the evidence of the same Cue 2
< (ua 1, 1 Element. < 2 Element < 3 BElement, and 1 WTrans < 2
Trang < 3 Trans item complexity main effects observed in
cluster 1 and cluster 2. However, in their vezry much
glower responge items over all factorial conditions cluster
3 menbers show no signlficant interaction effects for Cue x
Element, Cue X Trans and Element x Trans. Moreover, and in
contrast +to the cluster 1 and cluster 2 strategles the Cue,
Element and Trans Factor related effects appear to be
independent and additive in this strategy. In additien,
the strategy ascribed teo by cluster 3 members appears to ba
subject to progressive modificatlon over time (Element and
Tyans related main and interaction effects)., Perhaps here
both the Element and Trans factor related effects indicate
strategy refinement or learning rather than strategy
alteration and may therefore be in keeping with the item
familiarity effects reported by Sternbery (1985).

Thus the relative speeds ba.ween. Nondegenerata analogy
clusters 1 and 2 and cluster 3 appear to be accompanied by
noticeable = differences in information processing
constraints that are not imposed by demand characteristics
but by task demands.
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That +the effects identified for each analogy type are
chserved on the basls of statistical regularities over a
somparatively large subject sample ghould serve +to
reinforce this appeal to information processing constraints
and may parhaps even begin to offer insight into the
influence of mental workload variations on geometric
analogy task performance, an lssue thait will be reviewed in
the section Compenential Analysis and Mental Worklead
next in thig chapter. :

Componential Analysis and Mental Workload

Previcusly, in most lnstances of mental workload research,
attention has been focused solely on +the formation and
evaluation of mathematical models that best define
cognitive task performance undsr conditions of wvarying
nantal  workload, rather than investigating undexlying
factors ocontributing to subjective variations in fask
performance. It has been the contention throughout this
thesis +that the latter form of investigation is dependent
upon an accurate and robust model of task demands.
Sternberg’'s (1977) conponential  theory of anaiogical
reagoning propeses models of the nature, specific to
analegy tagk performance, dse tha section Componential
Models of Analogical Reasoning Lo chapter 3 for a
dlscussion of these models. However, despite its providing
valuable insights dinto the nature of mantal abilities,
Sternberg’s theory has until now been excluded  from
research designed to investigate tha concept of mental
workload. By replicating certain of +the procedures
employed by 8Sternberg (1977), in his Geometric Analogy
Experiment, and Inoorporating these with certain other
procedures, see the gecktion  "Componantial Analysis®
Revisited eariier in this chapter for -a discussion
thereof, +the present study has attempted to investigate the
axbtent to which findings from an apparently stable
cognitive phanbmenon, i.e., foroed cholce geometric analogy
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task solution, can offer insights into tha influence of
mental workload variations on cognitive task performance.

It will bhe recalled from tha sesction &ternbexg's
Componentia). THeory of Aanalogical Reasoning in Chapter 3
that Sternberg (1977) tested several models representing
different assumnptions about serial versus parallel
processing and exhaustive versus sslf-terminating
processing in  the element encoding and comparison
components of Nondegenerate geometric analogy  task
solution. The meodel which accounted for the greatest
portion of variance across differant types of analogy ltems
was one which encoding and inference of the transformations
from the 3 term <¢o the B term was serial and exhaustive,
whereas mapping &nd application of the elements wilth
regpect to the € and D terms vwers s2rial and
self-terminating, gsee TFigure 3.6 in the sectlon
- Componential Mcdels of Analoglcal Reasoning in Chapter 3
for a flow chart and discussion of this model. However, it
ig important +to note that the geometric analogies included
In Sternbery's (1977) investigation were rather easy, and
it could well be that tha simple linear models (such as the
one deseribed above) that f£it the response time data for
simple analogy Jitems do not necessarily apply for more
complex times.

It 1is a contention of the present study that in any kind of
cognitive process the probability of multi phasic,
overlapping events cahnot be ignored Iin favour of the
appeal to simplicity of a neat linear, seguential model and
farthermore, that it is naive to expect that information
procassing components operate in a dilscreet, metually
axclusiva or additive 'way, as was the assumption in
Sternberg's experimental work. ’

The design and procedure of the presant study facilitated
the verification of whather additivity of element and
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transformation procesding holds for overall forced choige
geometric analogy solution latenocy, across conditions of
varying item complexity, as advooated by Sternberg (1977).
Violations of additivity, depending on their severity and
form, would suggest supplementary or alternative process
assunptions for task performance.

From the sections Solution Strategy and the Experimental
Task in Chapter B and Task Structare and Seolution
strategy earlier in this chapter, it will be reocalled that
subjects introspective reports of task solution for each
analogy type suggested a sequential information processing

strategy, with information oomponents operating in an
additive way, . thus supporting the experimental assumptions
of S8ternbary (1977) . Furthermore, on the basis of

subjective gtrategy zreports it was concluded, for each
experimental analogy typs, that in terms of performanca

dgomponents adopted and ordar of componeht exacution,

changes in task complexity fail to elielt meaningful

gtrategic wvariations on the part of subjectz. However, in

light of the ovtcome of the cluster analysis and subsequent

analysis of variance progedures, it would appear that the
asbovemantioned results and conclusions pased on the
analysis of subjects introspective reports together with
Bternberg's (1977) proposale conaerning the nature of
element and transformation proocessing in forced choice
geometric analogy task solutlon are reinterpretableas.

It was noted earlier on in this discussion chapter that
there were jindlcations from the inspaction of results
partitlioned by subjective reports and judgement codes that
for eavh experimental analogy type there wera non randem
effects  attributable to strategy differences and iftem
complexity associations, but that there was no apparent
explanation as +to whether these effecty were meaningful,
and if so, whether they cowld at all be attributed to the
level of mental workload ewperienced by subjects during
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task  performance. To overcome thia iwpassea, a more
rigorous and less prescriptive investigation of the pattern
inherent within each of the four data mnatrices was
undertaken, by means of examining the results of the
cluster analysis procedures rapo:ted in Chapter 5.

Bincve +the differences in rapidity between cluster response
patterns for each of the four cluster solutions have been
discounted as the sola basls for the solutions, it is
agsumed that each of the four solutions are directly.
related to the pattern or structure inherent in each of the
- four data matrices and are thus diresctly attributable to
the effects of tha independent variables in each of the
~ factorial experimental designs.

The results of the cluster analysis and subsequent analysis
of wvariance procedures strongly suggest the presenae of two
broad information processing strategy types for each of the
axparimental analogy typés, i.e,, a slower, comparatively
unatable strategy type, slightly sensitive to varlations in
both tha number of elements per analogy term and numbper of
transformations bketween analogy terms (enly varxiations in
the number of elements per analogy term in the case of the
Degenerats analogy items), mildly rasponaive to the amount
of precusing information provided, and involving additivity
of element and transformation processing (in tha case of
the Semidegenerate AtA::B:B, Semidegenerate A:B8::3:B and
Nondegenefate analogy items); and a significantly faster,
more stable strategy type, highly sensltive to variations
in both the number of elaments'per_analagy term and number
of transformations between apalogy terms (only variations
in the number of elements per analogy term in the case of
the Degenerate analogy items), highly responzive to the
amount of precueing Information provided, " and invelving
interaction of element and transformation processing (in
the oase of the Semidegensrate AiA!:B:B; Semidegenerate
A:B:1A:B and Nondagenerate analogy ltems). Morgover, it is
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important to note that for each experimental analogy type,
the former strategy type described above (which for prazent
purposes will be refarred to as Strategy I), was
gonsistently employed by the minority of subjeots; rahging
from 5% (3/60) for the pegenerate analogy items, to 8,35%
(5/60) for +the Nondagenerate analogy items. Alternatively
the latter strategy type (which for present purposes will
be referred to as’ Sttategy II was consistantly eﬁployad
by the vast majority of subjects,

AL this Juneture, it must ke pointed out that in those
cluster solutiuns qamprising three olusters, i.e., the
Setyidegenerate A:A::B:B and Nondeéenerate analogy clusﬁer
solytions, where differences in response tine appeared to
be the fmajor reason for the olustering algorithm's
separation of oluster 1 and ocluster 2 members, the
processing strategies employed in each of the clusters
(i.e., eclusters 1 and 2} have been categorised as a single
broad strategy type, hence the abovementicned reference teo
“+.. two breoad information processing strateqgy types for
aach experimental analogy type."

It will be recallad from the sacticn Further Comments on
Sternberg's Theory of Analogy 4in Chapter 3, that
Pellegrino and Lyon {(1979), while acknowledging the
gpplicability of the aimple linear models propossd . by
Sternberg (1977) to simple forced chnice geometric analogy
items, expressed doukt as to thelr applicability to more

complex items. With this concern in mind, one possible
explanation for the apparent dichotomv of strategy types
for ' each experimantal analogy  type, given thes

characteristics of these strategy types, would be that
Strategy I (which in terms of the nature of element and
transformation prouessing corresgonds closely witkh the
Sternbery componential models) was enployed £or the
solution of the least complex items within each analogy
type, but as item complexity inoreaszed certain subjects
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(always the minority) were unable to employ a different
working method (Strategy II), and oontinved with the
application of Strategy I  thereby resulting in- a
daterioration in task performance which is evidenced by the
significantly higher solution times recorded by subjects
employing this strategy type. In contrast certain other
subjects (always the majority} wera able +o enploy =a
different working methed, dl.e., Strategy II thereby
maintaining a high level of task performance at Inoraased
levels of task complexity. It would therefore appear that
increases in item complexity wcould in fact elioit
meaningful strategie variations, on the part of certaln
subjects at least, in order to overcome associated
inoreases in mental worikload and maintain hlgh standards of
task performance.

If subjects do in fact employ the information pronessinq'
components as indicated in the process models presented in
the section Tagk Structure and Solution Strategy earlier
in +this chapter, and described as best defining task
performance on each of *“he experimental analogy  types
(soemething which oannot be taken for granted for reasons
stated previeusly in thils chapter), and apply then
according to elther of the abovementioned information
processing - strategy types, it would ssem reasonable to
argue that while the simple linear models proposad by
Sternbaryg {1977} defina rather well sukjects' task
performance on simple forced ochoice geometric analogy
items, they appear to be mare approximations of the
apparently ncon linear behaviours employed in more complex
forcad choice geometric analogy proplem solving situations.

Additive element and transformation processing may well be
a viable saitrategy for simple forced ochoice geometric
analogy task solution, but evidence assembled here suggests
that 4t is not necessarily a natural" (Jolicosur, 1985}
strategy for handling more complex feroed dhoice geomutrib
analogy itewms.
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Under these circumstances the extent to which evidence of
additivity of element and transformation processing (as
advocated in Sternberg's theory) ought +to be viewed as
evidence for the investigation of the influence of mental
worklead variations of forced cheice geometric analogy task
performance is hardly compelling.

.More pragmatically, a number of alternativa features emerge
from the data.

Firstly, reSpansé tine data presented in Tahles 5.la - 5,1d
clearly indleate that inereasing the number of elements per
analogy term increased solution time as predicted. This
would apparently sugygest that the element patterns
comprising the terms of the experimental anélogy itens were
decomposed serlally, element by element as proposad by
Sternberg (1977). ~ The rate of processing elements was
nearly oonstant (additive} within each transformation
condition, but was found to vary as a function of the
nunber of +transformations between analogy terms, gensrally
increasing in time par slement with inecreases in the number
of +transformations. Similariy, transformations between
terms appear +to have bean processed in a serial fashion as
solution proceeded,  additively wi‘hin each number of
elements oondition, and increasing in  time per
transformation with increases in the number of elements.
The response time data per cluster for each of the cluster
solutions also suggest the presence of these respansé time
aeffects.

Secondly, it will be recalled from the sectlons Stimulus
complexity and Task Performance and Clusters and Stimulus
Properties earlier in this chapter that the majoxr factor
leading +teo inoreases in response latenoy (referring to
‘Semidegenerate  A1A::B:B,  Semidegenerate A!B::a:B and
Hondaegenerate = item solution) involvas the number of
transformations bekween analogy terms, rather than the
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numbar of elements per term. This issue will receive
further attention later on in this section.

Thirdly, and of particular significance to the ﬁresant
research are the potential reasons whyzthe data yieldad by
the cluster analysis and subsequent analysis of variance
technigques Indicated violations of simple additivity (for
Semidegenerate  A:A::B:B,  Sewidegenerate A:B:rAtB  ang
Nondegenerate item solution} under the combined effacts of
slement and transformation processing. One potential
explanation is that as item complexity increases, there
begins to be a problem of mental workload that draws upon a
limited capacity ﬁrocesainq system. It is contended that
rach operaticn performed in decomposaing element patterns
and identifying transformations between +the terms of an
analogy yleld units of information that need to be stored
in  working mewmory. As more partial information is
accumulated and entered into memory, it may occour that the
iimits of such a processing system are reached, In such
circumstances, both processing time and effort may have to
be partially diverted to updating and maintaining the
accumulated contente of working memoxy. Thlis may be
particularxly trne given that solution times carxy over a
ranga of saconds, theresby requiring information to be
agcessible to mehory for more than a very brief duration.

Given these assumptlons, the processes involved in element
pattern decowpesition and comparison and transformatlon
analysis Ffor simple forded choice geometric analogy items
could bpe ovonsiderad tn te essentially additive, and wmemory
load, which increases at an acgelerating rate, produces the
increasingly long solution times asscciated with increases
in ocomplexity. Howaver, as both the number of elements per
term and number of transformations between terms increase,
item s=molution may require substantial external memory that
is  unavailable, thus oareating a need for alternative
processing strategies. This would ameunt te a shift in the
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proportion of total time that goes to the actual processing
operations assceisted with element pattern decomposition

and transformation analysis, as compared to the time for

information management in the form of deliberate control
and sequencing of the pieces of information to be sampled
and tested. It would therefore not be unrealistic to
assume that a certain amount of time sharing (McCormick and
Sanders, . 19821 takes ﬁlace in complex forced choice

- geometric analogy task solution. This assumpticon is of

great importance in the context of the present study singe
the notion of time sharing is a xejection of a xigid
séquential strategy, such as that_advocated by the simple
linear wmodels proposed by Sternberyg (1977), in favour of a
more integrated strategy involving interactive element and
transformation progéssing. ' ' ) o

It wag noted earlier in this section that the response time
data 'auggestad that the major factor leading teo ingremses
in  response  latency {for Semidegenerake  A:AIIBIB,
Semidegenerate A:B::A:8, and Nondegenarate item solutien)
invelved the number of transformations between the terms of
the iten. The data reveal <that as a function of iten
structure, there may be two different ways in which
increases 1n transformational complexity leed to increases
in responsg latency. In the two and three element items,
where transformation= are mapped onto separate elements,
increasss in response timas can be justifled Iin terms of an
accmul ation  of independent representational events,
Howeve.r, for cases where there are multiple tranaformations
of a single element, the data indicate the necessity for
postulating an additional component that significaptly
contr.butes to increased response latency. The rationale
for suggesting the Inclusion ef this additional component
involves the amount of information that must be represented
in working memory for any given item. s negessary
assumption is that each transformation applied to the same
or different ‘slements regquires at least one placekeepar in
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working mnemory. {(Kotovsky and Simon, 1973). Glven this
asgunption it i» possible to specify potential'diffarences
betwean items  involving one-to-one - versus many-to-one
transformation to elsment mapgings {for illustrative
purposes task  performance on a multiple element, mulfiple
transformation Nondegenerate  forced cholce  geometric
analogy item shall be discussed).

An item with two separately fransformed alements would -
probably regquire two memory placekeepers for inferring the
relationship between the A and B analogy terms. However,
an item with two transformations of the same element would
apparantly require at least two aﬁd possibly'three MEMOTY
placekeepers since the order or szedquence of applying
transformatiors may constitute ‘a +third component of
transformation analysis. Ancther potential difference
between the two item types is the requirement that
individuals store and operate on jintermediate internal
representationa during the application process from the €
term tc¢ the answer options. All one-tc-one mappings of
transformations to elements would provide external sources
for checking the rasults of applying separate
transformations between the ¢ term and the answer optlons.
Howavef, in the &single element mulitiple transformation
case, testing and memory would have to be internal for all
but  the final product of the application of several
transformations. Thus, items with multiple transformations
of a single element .would probably require. an additional
mamory placekeeper for gtorihg the intermediate products of
solution progesses duxing the application process, The
intermediate products that have to be stored, in addition
to the other redord keeping regulired, would further tax
memory <apacity and therseby result in increased response
latenay. It iz impertant to note that the memory load
explanation pffered here is verified by empirical studies
of performange on series extrapolation problems (e.qg.,
Kotovsky and BSimon, 19%73; Holzman, @lazer and Pellegrino,
1978) .
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It would therefore appear that on the bagis of the response
time ané cluster analysis' data, forced choice geometric
analogy solution is systematically related +o both the
element and transformation structure of individual items as

. originally hypothesised. The major determinant of response

latency {on Semidegeuwrate Azh::B:B, semidegenerate
A:B:i:A:B and Nondegenerate items) was shown to be the
transformational complexity of an item. Possibly the most
interesting outcome of the latency and cluster analyses was
the indication +that working memory facﬁors associated with
the representation and management of item features provided
the basis for nonadditive increases in response latency for
sreed choice geometric apalogy task solution.

Fourthly, it would appear that perxformance on forced choice
geometric analogy iteme requires a considerable amount of
procedural knowledge and strategic expertise. Part of this
expertise may include the ability to shift processing
strategies in orxder to overcome the mental workload that
arises when employing a strategy that is optimal for sinple

items but not for more complex iftems. If increased task

demands can be dealt with only by a change in processing
strategy, <then the mechanism of strategy cholce would be
central to the subject's reaction te thesa demands (Norman
and Bobrow, 1975).

Based on the pregent research evidence it appears that
strategic Fflexibility served to enhance the subjects’ level
of proficiency on the experimental items, thereby reducing
the mental effort regulred to meet +task demands.
Congeguently the same actual demand would have imposed
different operational workload dependent on the aegnitive
capabilities and strategic flexibility of the subject.

' the present research findings suggest that the

significantly slower response latencies of certain subjects
foir each of the factorial condifions under high task
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denmands could have occurred as a natural function of normal
decision making mechanisms, rather than through an actual
deterioration in information processing capacities.

Lastly, it was :oted in the section Procedure in Chapter
4 that experimental items were presented in either the zere
or two cue precuaing condition. The rationale for
employing this procedure, as part of the present
experimental design, was to facilitate the investigation of
thea infivence of  task uncertainty on forced ochoics
geometric ahalogy task performance,

From  the  sections Stinulus Complexity and Task
Performance and Clusters and Stimlus Properties earlier
in +this chapter, it will be recalled that the solution
times recorded for experimental items presented in the two
cue condition were consistently faster than those recorded
for items presented in the zerc cus oondition. These
findings are in accordance with those of &ternbexrg (1977),

A candidaté explanation for these findings, in the context
of the present research, 1is that whereas subjects would
have apparently solved items presented in the zero cue
condition by employing the information processing
components indicatad in the process modals prasanted in the
section Task Structure and Solution Strategy earlier in
this  chapter, and described as best defining task
performance on each of the experimental analogy types, and
applying them according to either Strategy I or Strategy
II described earlier in this sec*.on, thelr solution of
items presented in the two cue condition would have been
subtly aifferent, In the Ffirst part of item presentation
subjects would have encoded the two term: presented, and
inferred the relation between them. Having completed this,
the =seagond part of ltem presentation would have commenced,
Herae, subjects would have bean presented with the entire
analogy as it would have appeared had it been presented in
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the zere cue condition. Having encoded and inferrad the
relationship between the +two terms in the first part of
item presentation, solution of the analogy would have
reguired merely a subset of the full set of information
proceseing components  (depending on the analogy types),
ldentified in +the section Task Strveture and Solution
Strategy earlier on in this chapter as best defining
forced choice gedmatric analogy task performance, baing
appiled according = to either Strategy I and Strategy

IT. These assumptions would serve to explain the faster
solution times recorded for items presented in the two cue
condition, It would therefore. not seem unrealistic to

argue  that subjects wused the preacueing information
presented. in the first part of item presentation toc reduce
the processing load encountered in the second part of item
presentation.

Reducing task uncertainty by presenting subjects with
precusing information in the first paxt of item
presentation' served to reduce tha mental workload
associated with item solution, This contention weould
appear to be supported by the consistently faster solution
times recorded for items presented in the two cue
condition. '

Future mental workioad research based on the Findings
yielded Dby, and using investigative and analytical
techniques similar to those employed in the present study,
may yield waluable information regarding the adaptive
charagteristics of cognitive task performance under
conditions of varying workload, information which may serve
ke highlight importankt sources of indivigual and
Gevelopmental differencas in cognitive abilities.

Thesz  possibilities receive further attention in the
geatipn Prospects for Componential Analysis and Mental
Workload Research next in this chapter. '
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Prospects for Componential aAnalysis and Mental Workload
Research

So far this discussion chapter has concentrated upon
interpretation of - experimental -~ data for a hetter
understanding of the influence of mental workload
variations on forced «cholce geometric analogy task
performance, and it has oulminated with the highlighting of
cartain issues that could serve to benefit future
investigatiens Into both the  information processing
components invélved._in cognitive task performance, as well
as the implications of mental workload variation on
cognitive tagk performance. This section attempts to set
these issues within the wider oontext of componential
analysis and mental workload research. It will be recalled
from the protiactad d&issussions in Chapters 3 and 4 that
previous odmponential analysis and mental woxklead
investigations have keen restricted by a number of
weaknasses. '

It was noted in the section Conoeptual and Methodological
Issnes in Chapter 4 that componential analysis reseaxrch
hag sufferad because of the repetitive use of small numbers
of hypothesis sophlgticated subjects and the reduction of
subjects! solution strategies into (a) sequential model(s)
on the basis of a priori assumptions of component
execution.

Similarly, it was noted in the section The Concept of
Mental Workload in chaptexr 2 that the lack of conmensus
upon the definition of mental worklead (Williges and
Wierwille, 1979; Mox .y, 1982) could be attributed to the
atterpts by theorists to define worklvad ms a unitary
concept, having simple characteristlos and effects.

It was argued that a vnitary approach to mental workload
- and its measurement would result in methodological prubletsis
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since ‘tha level of definition was often inappropriate for
the level of rassarch conducted. As a result, certain
theorists have adhered to a number of untested and often
invalid assumptions f£rom which they propose wmethods of
~ defining and evaluvating mental worklead (Teiger, 1978
Welford, 1978}%. Furthermore, in most instances of mental
workload research attention has been devoted to tha
formulation -and evaluation of nathematical models that
Thagt? desoribe cognitive workload rather  than
investigating underlying factors contributing to subjective
differences in task performance.

Sirce it is a theoretical ccnstrﬂct, it was contended in
Chapter 4, +that mental workload might best be defineqd
operaticnally, as this would Facilitate dealing with the
concept at various levels of detail so that the details of
the experimental design would be adequately Justified,
thereby yielding logical and interrelated results and
conclusions. For ©present purposes, an Information
procesaing approach  was used as the basis for the
construgtion of an operational definition of mental
workload and ite conseguences, i.e,, "the extent to which
an individual 1s able to f£ulfill the mental task demands
imposed by the task in which he/she is engaged®.

T+ was noted further, in Chapter 4, that phase two of an
operational deflnition involved the consideration of

certain aspects in morae detail. It was stated that in
human  information processing terms, = performance and
workload =ppeared to depend upon the interaction of four
factors: the mental task demands (Bailnbridge, 1978); thae

information processing capacities of the individual (Hacker
et al., 1978); the strategies used to relate demands to
cognitive capacities; and when a range ‘of cognitive
strategies -is available, skill in ochoosing the most
efficient (Norman and Bobrow, 1975). The present research
has endsavoured to compensate for <the shortoomings
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associated with previous componential analfsis and mencal
workload investigations ang was designed in such a way s
to faéilitate the investigation of the interaction of the
abovemantiined factors as they would apply +to task
performance on forced cholce geometric analogy itenms. '

This study has browght together evidance from the
previously unrelated fields of componential analysis and
mental workload research i1in order to investigate whether
performance on an apparently stable cognitive phencomenon,
i.e., the forced choice geometric analogy task, under
gonditions of varying 'comPIELity,_can offer insights into
the influence of mental workload oh cognitive task

performance.

Thae nature of " ir -ertal design and procedure
was such that 2 i 2dings which could have
significant dmplica” - - i - ‘ngponential analysis
and mental workleoad ¥. seur . * for the design of
work invoiving cognitive t - I

Presant resaarch findings have served to highlight the
naivaty displayed by cognitive components theorists such as
Sternberg (197), Pellegrino and Glaser (1280) and
Pellegrine and Kail (1982}, in their choosing to discount
the probability of multi-phasic, overlapping events in
favour of the appeal +to s=lmplicity of neat 1linear
seqguential models, and their acceptance that information
processing components operate in a discreet, mutually
exclusive or additive way. Models formulated on the basis
of such theorising may appear to be superficially
gufficient but will inevitably lack either cregibility ar
generalisability, as has been evidenced by thi; study.

The present study has proposed several process models that,
on the basis of the experimental data, would appear to best
define task performance on Degenerate, Semidegenerate
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+ (R:ALrBiB) and Senmidegensrate (A:B::A:B) foroed cholce
geometrle analogy items, in terms of information processing
components adopted and order of component executlon. It
mast however, be emphasised that these models are mere
_approximations of the very possibly non linear behaviocurs
that individuals would employ in these problem solving

situations. Perhaps these process models, together wikh
the +two broad information proceseing strategy types
identified, i,e., Strategy I and s8trate,s II, could

serve as @ basis for future investigatlions dinto the
information processing ocomponents invelved in the solukion
of foroed choice geometyic analogy iltems of the types
investigated here.

A significant outcome of this study was the indleation that
a oertain amount of time sharing (MaCormiok and Sanders,
19e2) ocours during complex foruved cholce geometric analogy
task solution. This finding would appear to have important -
implications for future investigabions into the information
proceasing conponents involved in ocognitive task
performance, since the notion of time sharing iz the
rejection of a rigid sequential strategy to task szolution,
guch as that advooated by the sinple linear componential
models proposed by Sternberg (1977), in favour of a nmore
integrated strategy involving interamctive element and
transformation processing.

Data yieldad from tha ocluster analysis and subsaeguent
analysls of wvarisnce technlques revealed violations of
sinple additivity on forced cholice geomatric analogy items
under the oonbined effects of element and transformatilon
procegsing. Perhaps the mest important outceme of this
atuay was the indisation that working memoxy factors
agsooiated with the representation and management of item
featuras provided the basis for such non additive increases
in  response latanay. Basad on these findings, it would
sppear that foture models of forced cholce geowstrio
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analogy task golution in particular, and legi;litiva task
solution in general, would have to incorporate additional
control and/or memory management processes in  order to

explain performatice oh complex or difficult items.

Data yielded from subjects post hoo introspectiva reports
of solution strategy, together with that yielded from the
cluster analysis and subseguent analysis of variance
technigues  suggest that an individual's strategy and
information processing  ocongtraints may be nore flexibly
applied to the forced choice geometric analogy task,
particularly under conditlons of increased cdﬁpiekity, than
would be suggested by the simple liﬁear componential models
of analogidal reasoning proposed by Sternberg (1977). 'This
would imply that stratagle flexibility on the part of an
individual could sexrve to enliance his/her level of
proeficiency on the forced cholce geometric analogy task in
particular, and cognitive tasks in general, thereby
resulting in a reduction of mental effort. Corisequently,
the amount of mnental workleoad imposed by the sawe actual
task demand, would appear to be a function of the cognitive
capabilities and strategic flexibility of an individual.
If this wexe the oase, and increased task Gemands could

only be dgalt with by 2 change in solution etrategy, the
mechanism of ‘strategy choice would be ocentral to an
individual's reactions to these demands and, as a result,
should be of paerticular interest in the content of future

 componential analysis and mental workload research.

Future mental workload. research based on the findings
yielded by, and using investlgative and enalytiecal
technigues similar te those employed in the present study,
would do much to redress the disarray so evident in
contemporary investigations in this fisld, and may produca
valuable insichts into the adaptive characterigtios of
sognitive task performance under conditions of varying
workload. A development =uch as this could stand to
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benefit futurs ressarch into the Qevelopment of strategies
for reducing the mental workload experienced by indlv1duals
having to perform complex cognitive tasks as part of their
work, i.e., operators of automated systensz.

The present research.techniques of constraint free analysis
{through the clustering procedure} and componential model
and strategy formulation appear promising initial steps
towards a more oomprehensive understanding of the concept
of mental workload and its strategic implicationa' on
cognitive task performance. As such the alms of the
present taesearch, as broadly set, out tunder the section
Hypothesis in Chapter 4, aré generally supported,

concluding Comments

The <theme of research conducted and'reportad through this
thesie is essentially simple, the research almas modest,
The reguirement posed was an enhanced understanding of the
strategic implications of mental workload on cogniltive task
performance; the investigation of a large set of
performance data uesing pre classificatory technigues of
variance analysis, in search of maeaningful inter and
intraindividual =strategis variations on tha part of
subjEGts perfofming a stable cognitive task under
conditions of varying mental werkload.

The . background conceptual and theoretical issuves reviewsd
in Part 1 of thie thesis are, however, far reaching. The
results ylelded by the study have implications for each of
the many strands of xesearch drawn together in this
review. Indeed, one of the central themes is the extent to
which the =ame data, the same methodological flaws and the
same errongoug assumptiens are compounded into so many
strands of contemporary cognitive saience,

The research dasign adopted Zfor fhis prasent research
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Attempts +to compensate for some of these flaws amdd areas of
neglact. The design itself is not unusual, but the
controls Ffor experimental denand characteristics and the
concaern to avoid implicit strategy priming and response get
‘oreation are important steps to minimise further extranacus
influences. '

By ocontrast, +the analysis is both novel and explanatory.
The application of an appropriate cluster technigque appears
to offer a significant development in the exploration of
information processing components in, and strategies
employed Ffor forced choice gedmepria analegy selution in
ﬁarticular, and cognltive task solution in general.
" Furthermore, the - investigation of subiects’! performance on
a2 stable cognitive phenomenon, i.e., the forced choice
geometric ‘analogy task, under conditions of wvarying mental
workload has provided valuable insights into the influence
of mental workload on cognitive task performance.

By definition the sections Componential Z&nalysis and
Mental Workload and Prospects for Componential Analysis
and Mental Woxkload Research are  speculative, but
spaculation is an essential extension of the present
research context.

Perhaps +the major proposition to emerge From this thesis
presentation is that unless theorists of ocognitive
ergonomics  in partioular, and cognitive science 1n genaral,
choose to ignore approaches that lack oconceptual and
methodological oredlbility, such as those ldentified in the
gections The Concept of Mental Workload in chapter 2 and
Conceptual and Methodological Tssues in Chapter 4, in
favour of more dynamic tresearch programmas, progress 1in
these fields is likely to be severaly restricted.
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