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The "Spy Ring History Test" is cne of severel, similacly structurcd,
merntal tests intended to discrimivate Letween individual cocnitive styles,
and individval tendencies to learr according to difterent plars and
strategies for exploring (or assimilating) subject matter. Torn T1 (copies
of which accomparied Progress Repert No. 1) is typical and way be
referenced as representative, The tests are not meant to determine absolute
levels of perfornavce, learning rate, or retention, thoush there may be
(ard, by hypethesis, there are) relations between test scores indicating
stylistic differences, and a respoodent!s perforsonce in specific tasks,

Ba "“-r~\\1111(1

Individual differences in learning stratecies and information
processing have been revealed in numerous studies, several of which are
referenced in a paper (Pask 1076b) that also summavises the results
ebtained by this rescarch group in the laboratory and in the tield,

Some differences (for example, on Kagan?s "impulse/retlective” dimensiong

on Witkin's "t'icld DOpkldPn(/[LCLd fudependent™ dimersion and ditterential
scores on aptitude tests, such as the battery underlying Cuilford's
"Structure of Intellect! model) are consistently related to ase, sex,
personality, ¢te,, and may change in a predictable manner durine developrent.
These indices are, however, relatively gross because of the underlying
distinction, or because the differences are quantified (in terrs of respouse
to small scale and substantially independent questions, problens,
situations, ete,), or both. Moreover, these stylistic distinctions are not
primavily intended to uncover detailed cognitive mechanisms, or to bear
direcctly upon lengthy stretches of behaviour.*

Mental QOperatiors relevant to complex learning.

The dimensions which have emerged as significant discriminators of
style ard strategy (from studies of educationally sized learning) refer to
quite specific cognitive mechanisms and are most readily obscrved as
features of continuing behaviour and cognition., 7They are lelicved to have
special relevance to such inherently compley and individualised activitics

hypothesis formation and system design.

During this type of learring it is peesible to distinguish mental
operatiors that are constituents of ecither understonding (used, in a
technical sense, (Pask 1076a) to mean the d\qu1 |i]0n of a stable ard
reconstiuctible concept) or deep _level processing (used in the same
sympesium by Marton ard Saljo 1070 as distinct trom "surface level™
pxongblng). There is good evidence that the retention of usealle (in
coentrast to parroted) concepts, acd creative performance in problem

sclving, etc., based on this knowledge, depends upon an vedervsitanding of

background topics or (perhaps eq Ul\llOHLl)) that information about these
topics is deep level processed,
AL

- B o e~

* Clearly, there is an indirect velation, for example, Field Dependent
individuals are likely to make bettee salesmer and Ficld Independent indi-
viduals better [ormal thivkers, However, these predictiors are motlav; tor
instance, the Field Dependent Tndividual is more likely to potice cues in
his environment, including personal cesture, voice inflexton, ete., but
without committment to bow these cues are used as inputs to salesments
performance.




In turn, the achievement of understanding depends upen an intertocked
series of d(bcerLlun bui lding (goal 5.‘\11\1n-) operations, ard procedure
building (1lgoranmlc or rule constructing) operations, whilc ar individual
is ceming to grips with backercw d data arnd principles., Under standard
condi tions (for details see Pask 1976a) it is fairly easy to ensure that
ary individual cembines appropriately both kinds of operation and reaches
an understarding of salient topics: if necessary, by providing external
information and assistarce to avgment his wmental repertoire., It is also
practicable to "titrate" the amount and typ( of assistance (if any) that
the individual needs in order to reachk wderstanding,

Without control, individvals shkow definite arnd, it appears, reliably
trarsferable biases. Sowme kabitually tuild cosc;ayiuons which may (or may
not) hang together, but are ofter unabiic to build procedures which realise
what is described. 1In the "Spy Ring History Test", these individuvals are
classified as "Comprehersion Learrers". Others, habitually build
PlePHUlO“, provided a description is given, or a goal is bflt\d (lf not,
they Yy tend to learn a cellection of unrelated rules). These xnduvldual
ave classified as "operation learners". Among "Opcrarion Learncrs® are
those who Fave a bias towards learning vules that ave given (for example,
paired associate lists) and ¢thers who will discover a “r1ule that senevates
the list,

Pinally, some individuals understa»? *topics without prempting; they
build both descriptions and procedures and integrate them., Such
respondents have appreciable cemprehersion learning scores ard opcratLon
learning scores, and it appears that at least scme of their operation
learning is due to rule discovery. They are classified as "versatile!,

On theoretical grounds, description building is expected to vary in
kind from the cornstruction of descriptions that relate nary variables (or
properties) to precise descriptions that involve enly a few. The
cxpccto’ terdercy has bteen observed, and appears to be individvally specifics
in the "Spy Ring History Test'", the scoring scheme is desigued to piclk vp a
"Global/Local™ tendency. A iurther predictior is that respondents will be
more-cr=-Less inclined to invent formally redvr dant descriptive propertics
whiclk they use in menorising or prolblem solving. Such terdercies are
indicated by many indices of divergert thinking ard creativity, but have
also becen observed as differce tlal cemporcots of performarce; for exanple,
in taxonomy recall (Pask ard Scott 1072) where the proposed discrimination
of M"redundant/irredurdart hOllntS" is btased upcn the prominence of such
behaviours, An index of inventiveness (necaring "the invention of
descriptive properties for use in recall") is embodied in the "Spy Ring
History Test" scoring scheme, As an hypothesis, "invertiverness™, in this
sense, should cervelate positively with the Yrule discevery®™ type of
foperation learning'; with readiness to structure an urordered cnvironment
in a personal but ceolierent marner (one cemperent of "learning to learn™
noted in Pask 1076b) ard alsc with Witkin's Iield Indeperderce, These
possibilities are being investigated.

Method _of Measurement

Any method able to detect stylistic differences, of the type roted in
the previous section, must, by definition, sawple stretches of bekaviovr
large crough to provide evidence for the underlying processes tourd to
exist (by indeperdert studies) ard to have an important bearing upon
educationally sized learning ard prollew solving,
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The preferred method (noted in the last scction) is to hold the
respondent in controtled conditions whilst he learns a larpe and well
structured body of krowledge and to insist upon a standard requiicier t
O urderstanding concepts by eliciting explanations in response to "how!
and "why" questions. EKither disciplined interviews, or mechariscd
systems, may be used for this purpose (the cognitive cpreratiors vnder
discussion were initially uncevered ard formelated in this cortext),

By their nature sucl experiments are time censuming aprd the explaratory
respenses, even if elicited in a mecharical (and objectively in(vrprcthblc)
format, are cxpensive to scere

Several ccempromise methods bave been censideved ard experimentally
tried,

(a) Existing test items with known inter-item consistency (Witkin's (1962)
"Fmbedded Figures" test, and "Closure Figuves", Thurstone, (1950) are
administered, as usual, to form a series of a-priori independent tvials,
The respondent is asked how and why he respondended as he did, in an attempt
to reveal mental mechanisms (fustead of cliciting a dichtomous response
in a fixed interval after each stimulus, ov using a power test technique),
There is ar obvious difficulty over interpreting his vesponse. However,
for individuvals willing to state reasons, it seems as though poeple adopt
different but self censistent styles, and that mental operatioprs similar
to those of the previous section are at work in their heads. (For examwple,
the responses suggest a conp]ox type of Field Reperdence/Independence -
like the traits discussed in Witkin's latest repert (1075) — and offe~ an
eaxplaration for the va1x1blllt) of stardard-form test-sceres). Relatively
capid administration is pQSSLblo but data evaluation is very expensive and
the validity of the test is questiorable, True, solvine stimulus problems
is a ncasure of Field Deperdency but wnder these circumstances lMield
Dependency appears as a complex quuntity and the lack of logical connec-~
tiPnS between test items makes it difficult to identify the test situ-
ation with a real life task.

(b) The respondent learns a sizealble Lody of knowledpe presented as a
series of arbitravily, and usually lincarly ordered, data sets. [For each
data set, he reacles a criterion~correct response level, indicating that
data is stored (for certain) in a particular maoner (usually as paired-
associate lists). TIn fact, the cencepts to te learned Fave a celerent
ard knowr—to-the-designer-structure (they are organised in a wathenatically
quartifiable mapner as topics in an entailment structure (Pavk, 1050a,
for example). Further, all of the organising principles ceuld_be disceined
ty the respondent, since the instructions ard task deseriptior are
sufficient to permit unambiguous inference of the structure that exists,
Civen appropriate inferences, the stored (retention criterion clecked)
data can be reorganised in menory.

The task is choser so that interforence tetween the prescribed data
sets will grossly overload a respondent who dees not transtorm the
memorised information (though several types and degrees of transtormation
are possible ard, deperding upon the individvual, might be cqually effective),
Subsequently, recall of avd predictive extrapolation from the learned
material is elicited ly fixed questions (mostly lv“u1rurw constructive but




objectively scorable responses; not, as in the "preferred” nethod by
explavations). These questions are interdependent and are divectly
related to the known structure of the subject matter so that it is
possible to detect the use cof specific cognitive cperations.

Unfortunately, administration is time censuning; theie is some
difficulty in securing the initial learning criteria ard, although
discrimnination is possible, less infornation is obtained thar under
standard (understanding) conditions. The "Spy Ring History Test" is a
test of this type.

Discussion_and Criticism of the Method; Validity and Relialility

The possible (and realistic) criticism that tests of this kind are
uneconomic can only be ccuntered by commenting that, so far as we know,
it is impossible to cbtain something for nothing! Serious attempts have
been made to derive stylistic discrimination indices using objectively
scorable responses to small items, guestions and protlems, but with
unsatisfactory results. Moreover, there is a gradation; the less
complex the task, the less discriminating (roushly bpoahlnv) is the data.

A converse criterion is also legitimate, Tf a cemplex task is used
then more data might be obtained by reglacing the cerrect response
criteria for retention of the criginal data scts by an index of under-
standing, and using ex plnn1tiun—dcrardinn "how' questions to elicit
overall revarl, Pilot studies (both in this and other laborateries) show
rick and interesting (Yplnndtoxv responses; so far as possible, the
readily scored questions have teen adapted to fit the known possibilities,

The computer administered form of the "Spy Ring History Test™ (noted
in Prosress Report No. 2, ard to be described in Prosress Report No. 1)
is a step in the direction of obtaining depth information about style
without relinquishing objectivity as well as a device for staprdardising
the retention criteria for the initial data scts.

The yalidity of a test of this type is hardly in doubt. On the cne
hard, by TFint of the underlying structure of topics and questions, the
test vesponses deyrend upon specific and exteriorised cognitive oprerations.
It differcatial responses are at all discriminating, then lhvﬂo are the
mental operations discriminated, on the cther hand, i1t ts not difficult
to place the highly structured, test-~task in correspondeunce with specific
aspects of any similarly structured real life task, and to argue, on firm
ovounds, that if the test responses are at all_predictive, then they
predict an individual's behaviour in situations that occur repeatedly in
the course of learning, creative activity, and large scale problem
solving., So far as task transfer validity is concerned, there are obvious
advantages in using a camplex and well structured test situation,

The reliability of such a test is a very different matter., Both
intec~item Bvd‘;plLt halt reliability determination is excluded because
the test probtlems are not homogencous and the test questions ave
necessarily intervdependent, Since respondents "see throuch" (lo see the
"structure of") the topics in the test task, no meaninoful test/retest
reliability index is obtainable. Studies have been carried out in which
different forms of the test, based vpon the theme of "A Spy Rine History"
but varying in the number of spies, the complexity and stability of the
spy ring netwvork, etc., have lvcn adwinistered to the same vespondents,
Even though a practice scssion is built into the test aduiaistration, a
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signiticant itwproveaent in overall performance is evidenced. But, unless .
there is intervening training specifically designed to modify style, the
differential sceres are individually consistent (caleulated enly for the
main indices, cemprehension learning, operation learving ard versatility)
and, in some cases, they become "peaked" or differently M"polavised™,

Sunmary data for 52 subjects is as follows : ravk corrvelation
coefficients for the threc dicferential indices av

<]

(a) comprehension learning - opevation learning 0,82,

(b) comprehension learning - versatility 0,70

(¢) operation learning -~ versatility 0,76,

The values are significant at the .10 point (p< 0.01, one—tailed test).

Because the test task is highly structured it is easy to cenerate }
matched alternative forms of comparable ditfficulty®, and scveral are now
available. Althoush one wmisht have greater contfidence in veliabilities,
or consistency indices based upon rveadministration of matchoed tests of
stuilor diftficulty (rather thaw watched tests of different difficulty

as in the last paragraph) the data so far available is too sparse to warrant

more than the "intuitive" comment that individual ditfevential test scores 3
"appear to te consistent between sessions',
Forma] Structure of topics in the tests,
Any stylistic test of the "Spy Ring History Test" fawily is
characterised as tollows 1
(1) There are n, rules, Gi, j =1, ... n, n+ 1 determining the
pereitted behaviours of n elements or entities of r Qg = l:) tvpes, cach
type being determined by one (entity specific) rule. The n rules are
conveniently represented (to the test designer) as von-deterministic
automata or condition-networks; the m clements or entities by equivalence
classes of states, or by distinguishod nodes in the network.
E
(2) The n rules and the v types of entity may be specitied by n i
distinct lists of at most ¢ ;;Hrs, representing behaviowrs that may oceur
according to the n permissive rules, That is, both entity type and one 3
permissive rule may be inferred by examining one list; all n, by exawining
nosuch lists, :

(3) The entity types are redundantly specified by intensional
statements like "this type is a 2 counter™ or "that type 18 an originator",

(4) Some feature commen to the n rules is redundantly stated by a

p valued descriptor, which qualifies the actual behaviour lists,

(5) Other features common to the n rules are redundantly specified
by intensional statements saying "what (conceivably) may take place',

wo . . SR—
* In fact, the bulk of the work required to gencrate matched form can

be done by a computer program and a previously oncrous task is thervceby 3
rendered practicable,
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(6) There is a periadic functiosal (or mapping) R, that carries one
permissive rule, ¢ into another and repeats at period n -+ 1,

(}') The functional or mapping R, is a function, I, of the structure
of the lists noted in (2) (thoush not, in seneral, completely determined
by them)s in any case, siven n iii:“ s and some of the other information,
it is possible to infer the n +1 - rule, ecither as an extrapolation of
(n, n - 1) or an interpotation botween the Gjs.

(8) At least one semantic interpretation of this formnl or systemic
information is provided, but no discriminating rvesponse is deemed correct
because the interpretation is recalled. Any correct responsce depends,
locically, upon formal (or systemic) data and a learner could invent any
consistent interpretation of his own, and use it as a legitimate source
of recall cues. The score for inventiveness depends upon whether or not
the respondent accepts and recalls the given interpretation, or invents
his own,

\n Interprotation for "The Spy Rine lHistory Teost',

. 2 5 R 5 o & N o
(‘x) Considering Form II of this test, C =8, m= §, n=§, p =3,

(b) Rules, €
showing possi
A ) [ SR - 4 h E -
Gjs j =1, .. n+ 1 being the configuration of the network at year or
epoch j, in the development of the systeom,

i, of 5(1) are commvnication networks (directed graphs)

nessage transmissions between agents or apies

(¢) Tach \‘-i contains the same, individually-namc-identificd asents
(Ajax, Byron, Cacsar, Dryden, Fuclid). There ave m = § asents i =1, ..,
mof r=3 types as in §(3). The types are as follows
r=1; i =1, 2, "Mccumulates messages from others and may transmit oaly
atter more than one message is gathered".
r=2; i =3 "They send message upon receipt from some other agent but
must send tefore receipt of any further message.

r=3: L=4, 5, "ither originates or transmits messases but does not
accumulate messages',

(d) The n rules Gj are specified, as in 5(2), by n lists of 1 =8
agent pairs.

(e) The p = 2 value descriptor of §(4) is "countrvies™., Tits vatues
o each agent is "the country in which the agent is located" (Olympia,
Ruritania, Transylvania.)

(£) Optionally n araphs G may be displayed, in which agent type and
the country of location is unspecitied (hence, they do not provide as
much information as the n lists),

() The periods mapping, R, of §(0) determines the total number of
s \

directed arcs in the communication network for a given cpech
J=1, ... n+4 1. These values are
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§ arc number = l g 7 5 0 i

(h) Uence, in this case, Cip1 =R (l’.-l\ R
function of j. It may also be specified as a
between odd or evenly indexed subgraphs, and
cvaphs, thus providing the redundancy called
extrapolation from j = §=n to j =06 = n + 1

(i) The semantic interpretation of §(R)
data which the respondent reads before the te
characterisation of the agents, countries, an
socio ¢conomic interpretations to indicate an
the possible communication paths). This back
the formal, but intensional, specifications n
verbal statements of an agent as somecone belo
cycle, the roles of agents corvesponding to t

(i) The data sets noted in Section 3(b)
lists of (d) qualitied by "country location',
sroup presentation, only) the denuded graphs
alongside the lists. FEFach list is learned in
(Section 3(H)) of 1OCY correct response over
and qualifiers must all be correct, at this t

(k) The country "boundaries™ are never d
casily inferred from the lists, a response, c
Only n lists apg presented as stimult and the
(rov The n + 1 epoch) is vequested, as a
test responses may either be ascribed to infe

S\‘\‘l'in!',;
e i e e e A

Deferring discussion of the predictive r
construct a complete recall of lists, veaphs
(epochs) in many ways. The vesponse forwats
of the cognitive style, as reflected in the i
reconstruction,

.

- N e e R e

nd R is represented as a
function, I, of isomm :\'fl:;"t:&
as inverse mappings between
for in §(7) permitting

is provided by backseround
st and studies as a
d activities (including
increase and decrease in
oround data also embodies
oted in ~;(_3\: for example,
neing to a conmunication
he formal types, and so on.

are the S member, agent-—pair,
Optionally, (mandatovy for

of () may be displayed
sequence to a criterion

one repetition (ordev, pair

rial stage).

tsplayved directly but are

alled ”;".\;\”. being eluicited.
"L map, graph, or list
edictive response. ALl other

rence, or direct recall,

esponse, it is possible to
maps of all the vears
are chosen as diasnostic

ndividual resvondent'ts

After answering questions about country boundarvies (draw the map of
the countries; place the agents on the wap") and questions to determine

wvhether or not the respondent has grasped the

intenstonally stated rules

|
|
|
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(o Pl an neene Y o Meettimate communi eat ion metverks™! oY e
vespendent s regquived to vecenrtruet, as well an be o can, all oo e
possibie and acnnd aeeat. belinviounes.,

The operation Fearning score (Sectiog D) depods wpon the e oo
Qurntren vesponses and an ability to penerate vesponse Tidis that st ary
the constraints and relationg of Section & aml o, A biaw ta Pevriine wiven
rules (Section M) s evidenemd by Bist veeall in strvict apder, o bias to
diseovering vales, (Section 2) by the peneration of vesponse Licts for each
civeh that satisgy the constraints - bhut do not necesspri by toaee the
particular (3% paie) stimolus Tists which were presented as vepresentative,

The comprehicasion Tearniue score (Section ) depends chieyty apor the
eap deawioe vesponse, and constenceting map and graph responsen for each
coocit that presceeve the permitted communieat ion paths, At one ovtreene
comprehicnston tearniay may desonerate into Loase anlogising and pattorn
matehing: at the other extreme, using steict :m?\ln;t‘\' velationg, ic inyg
powertul method,  Sinee correctness depends only upon format (as contensted
with semantic or interprotative), veeall, the seoving i objective and the
desree of accuracy is caleulable,  The present scoring scheme velies upon
stople point assisnment {(for response compotents that satiscy foeeald
velations) but an information analysis is poasible and promises to vicldg
more discvininating indicoes,

The specifie versatility score {8 devived from the pradictive rosporses
(Tists and wap) for vear (epoch) no 1. onee asain the degree ot covrect.-
ness depends apen the number of constraints actually satistiecd by the
pradiction, T the presont seoring scheme veesatility score points are
also wiven tov assimilation of the countrios descviptor (Meaps”, rather
than favaph™ vecal ), Genevally, the respondent i vequirved to intesrate
varvtous levels of vole (the ., R and 1Y) in crder to obtain a hieh
veesatiliey.  As noted cavliod, high veesatili ty appears ta imply that
caniprehiension and orsration learning scores exceod a threshold value, but
not o vice vorsa,

Liventiveness (Section 2) s determined by comparing the namber of
(consistent) invented propeveios with the mmber of score points obtained
vpon guestions that ask, divectly, abont the semantie interpretation siven
in the baekaoraund data,  The global/Tocal bias (Section 2) was previously
calenbated by a vough and ready count of responses recalling hish/low order
relations, but is currently veplaced by Decomposicion analysis (Atkin s,
aonueh move discrininating index,

Pomorahic Teatys, Matched Tosts, and More or less mznlﬂ oX tosts,
metem e S S S et L DA ST O fens campleX tents,

Stnee the test task is well stenetured, it is possibdle to eonstruet
tmomorphic tests which exaat!y sbady the same formal velations but with
Ldifterent interpretation, For example, one vesearveh sroup have changed
the Bhpy Ring History Test Porm UTM {nto an Promorph fuvolving sehoolboys
tnoplace of spies, playsromds in place of conatrics, and an intevpretation
based npon vole-dominance as a component in message=teansmigsion,  A\nother
independent sroup ave using an isomorph interpreted as a system of chentical
o leeulen,

Stuce the scoving depends upon fovua ! properties, strict isomovphy arve
not satistfactory as matched tests, However, matehed forms are readily
canstructed by altering the rules, Giv Re 1y or vequiring interpolative
(vather than extvapolative) infevence in the predictive (not directly
vocatlable), regponse,  The backaround (or wiven) semantic interpeetation
L adso alteved to avold confusion and unwanted interterence, or intrusion,
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