30789

v

~

CANADIAN THESES

T S s AR

THESES CANADIENNES

I National Library _ Bibliothdque nationale ‘ _
‘of Canada du Canada ON MICROFICHE - SUR MICROFICHE
oLV PHA

NAME OF AUTHOR/NOM DE L AUTEUR C OA / — ﬂﬂk

TITLE OF THESIS/TITRE DE LA THESE DNV TVUVEST/IEAT 00 07 PN AS PEEF
OF - REASerING .

UNIVERSITY/UNIVERSITE. _u. 0’# ﬁ LBER T'9

DEGREE FOR WHICH THESIS-WAS mESENTED/

GRADE POUR LEQUEL CETT[ THESE FUT PRéSENTEE F/./ 'D
YEAR THIS DEGREE CONFEMD/ANNfE D’OBTENTION DE CE GRADE / 7 ?é e
CHARLES — C. PWDERSON

NAME OF SUPERVISOR/NOM DU D/RECTEUR DE THESE

Permission .is hereby granted to the NATIONAL LIBRARY OF

CANADA to microfilm this thesis and to fend or sell copies

of the film, | |

’ ' The author r'eserves’ 6ther pdbliéation (ight;, and n_either the

: thesfs nor extensive ex'tmct;s from it may be printed or othe"
wise l'éprdducbd without the auvthor"s written bermi_ssién.

‘iL/w Ui (9% -

SIGNED/S/IGNE.

A

L'autorisation est, par Ia présente, accordée 3 la BIBLIQTHE-

QUE NATIONALE DU CANADA de mic. ..ilmer cette thase et

de br&ter ou de vendre des exemp/aires du film.

L'auteur se réserve les autres droits de publication; ni la
thédse ni de longs extraits de celle-ci ne doivent étre imprimés

ou autrement reproduits sans I'autorisation dcrite de I"auteur.

DATED/DATE

/

FM«% ’f 2 ot ¢ﬁh

- PERMANENT ADDRESS/RESIDENCE FIXE

D ou,v Ed/ ,v‘

/V-aJ 2-«4%&/. ’

NL-91 (3-74)



INFORMATION TO USERS

THIS DISSERTATION HAS BEEN .
MICROFILMED EXACTLY AS RECEIVED

»

This copy was produced from a micro-
fiche copy of the original document.
The quality of the copy is heavily
dependent upon the quality of the
original thesis submitted for
microfilming. Every effort has -
been made to ensure the highest
quality of reproduci on possible.

PLEASE NOTE: Some pages may have ‘
indistinct print. Filmed as
received. -

Canadian Theses Division
Cataloguing Branch.
National Library of Canada
Ottawa, Canada K1A  ON4

AVIS AUX USAGERS

LA THESE A ETE MICROFILMEE
TELLE QUE NOUS L'AVONS RECUE

Cette copie a éfé faite & partir
d'une microfiche du document
or1g1na1 La qualité de la cop1e
dépend grandement de la ‘qualité
de la thése soumise pour le -.
microfilmage. Nous avons tout
fait pour assurer une qualiteé
supérieure de reproduction.

i

NOTA BENE: La qualité d'impression
de certaines pages peut laisser a
désirer. Microfilmee telle que
nous 1'avons regue.

Division des théses canadiennes

Direction du catalogage

- Biblioth&que nationale du Canada

Ottawa, Canada _ K1A ON4.



\ Ve

UNIVERSITY OF ALBERTA

AN INVESTIGATION OF AN-ASPECT OF REASONING. ]

~

4

b y

@ COLIN PARK

A THESIS
¢
SUBMITTED TO THE PACULTY OF GRADUATE STUDIES AND RESEARCH

1§ PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF DOCTOR OF PHILOSOPHY

DEPARTHENT OF EDUCATIONAL PSYCHOLOGY
EDMONTON, ALBERTA

FALL, 1976



@

3

THE UNIVERSITY OP ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

The uﬁdersigned certify that they hﬁve read, and
recomaend to the Paculty of Gradnfte Studies anad Research,
for acceptance, a thesis entitled "aAn Investigation ,of an
Aspect of Reasoning" submitted by Colin Park in  partial
fu%fillent of the réqdirenents for the degree of Doctor of

Philosophy. ‘ I

(ol [ hdesons

-..--...'.0.......-'.0.......\

Supefvisor

uu/r

...-/"-"l'....... ® O ® @ ®rrevewsn
s
/—-

don.(..ccocg“{l“;‘o---u-.

éaczéé’ ' 2’7/K /7/%/

Date -.....-......-.o...--....

~



This thesis is respectfully, and properly,
and very happily dedicated

-to Professor Charles C. Anderson.

iv



ABSTRACT

Tvo brobﬁelfSOlving tasks much discussed in the
.literatufe ’re¢ént1y, the 'sélection task* and thd 'rule-
findihg task', both initiated hy P.C,'ﬂason (1960, 1968) ,
"yaQé been replicated,’and fhene-piticalvfindings of earlier
‘;orkers are largely cdnfirned. Hoﬁever, it 1is suggested
thaf claims regarding their importance are exaggerated, and
in éar£iéular that the réiation‘_with Popper}s notidn of
"refutability" in‘sciencq is at beét tenuous. The probleas
of a “"scientific. psychology" are briefly discussed,
iilnéttated bj the present area of investigatiqn. It is
proposed that in the field of science refutation can be
ieaningful only within an established conceptual structure,
and that suéhna structure is lacking in psychology. Reasons

are put forward as to why such a structure has not yet been

established.
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CHAPTER I
Background
Introduction.

In this thesis are reported two experiments, each invo-
lving essenfially one aspect of reasoning. In the first,
;ubjects are asked to select those cases of four given cases
which would prove a given rule true or false. '(This task
will be referred to below as the "selection problem") . Many
subjects fail this task, most imn a fashion which can be inc-
luded iﬁ one or other of a‘snall number of error-types. In
the second task, subjects are given an example of something
which *'conforms to a rule the experimenter has in mind‘.
The subject is asked to suggest further exanples, and is
immediately told each time whether his example conforas to
the rule or not. His task is to identify the rule. (This
taSk will be ot léd_ to below as the "rule-finding
problea") . He: ~, ~“hc gh few subjeéts fail cor 'e" 2ly, many
show surprising . “f' -iencies in their aéproach to the pro-
blem. Both tasks will of course be described in detail
below.

These éxperinents are not ofiginal, but are basically
careful replications of eaglier studiés. These were ini-
tiated by P.C. Wason, the rule-finding task in 1960 (Wason,
1960), and the selectionfproblem in 1968 (Wason, 196°;, and
have been subsequently studied mainly by Wason and his co-
vorkers and students, though more recenflf by a few appar-

ently independent researchers. : (The word "apparently®” is



inserted here because it is known that at least one, Paolo
Legrenzi,\uho published a paper based on his own work in the
‘area in Italy, had earlier spent some time with Wason in
London).

There exists, of course, a connection between the twvwo
tasks, and indeed it is the nature of this connection which
provides the source of interest and motivation for the pre-
sent vork. This link is the failure to test for falsjty, or
to try to disprove a ryle or hypothesis. 1In the selection
problen,“one possible choice vhich is critical, which could
not be omitted as a test‘on a' 7 reasonable reading of the
rule, and which could falsify the rule, is frequently
omitted by natﬁre, educated, Adnlt subjects. 1In the rule-
forming task, similar subjects often form a hypothesis, then
"test" it by offering several confirming exeiplarﬁ, instead
of counter-examples. This failure to refute is said by ear-
vlier authors (see below) to be critically important on two
counts: firstly, Pdpper has repeatedly emphasized the in—'
portance of refutability in science (egq. Popper, 1972), and

its basic relevance to any objectivev"kﬁowing" can scarcély



be reasonably questionedt!; secondly, in Piaget's formulation
of the stage of "formal operations® (vhich,'by definition,
is concerned with operations upon hypotheses), it is expli-
citly stated - and forms one of the elements of Plaget's
basic and elegant INRC group - that, given-a hypothesis of
the form “if P them g", a person operating at this level
vill test the hypothesis specifically by looking for
counter-examples, "“x and not-y", (where x is an exelplar“of
P, and y is an exemplar of 4). Since the point is crucial
fo any theory of a 'formal operational stage', it is as well
to quote Piaget verbatia:

In the special case of P implies g, p and
not-g, g implies p, and pot-p and not-p and g, the
observer will note, for example, that faced with a
complex causal situation the subject will ask him-
self two kipds of questions: (a) whether fact x
implies fact y (vhich he himself will often ex-

press by two propositions which we shall call p
and g and which he will link with the words "if

1 Lakatos has pointed out that, in principle, one can never
refute a hypothesis completely, any more than one can con-
firm it completely (eg., Lakatos & Musgrave, 1975,
specifically p.184: "According to the Duhem-Quine thesis,
any theory ... can be permanently saved from 'refutation® by
some suitable adjustment in the backgrouaad knowledge in
wvhich it is embedded"). Howvever, it seems to ae reasonable
-that in any one context, only a small part of a particular
theory or hypothesis would aormally be under question, and
what is more, the assumptions on which the hypothesis is
critically based can be generally agreed without much ado.

Under t' -~se circumstances, refutability is a reasonable
require.<nt for acceptance of any hypothesis. It could, of
course, be claimed that I an invoking both Popper and
Lakatos in .an extremely naive fashion, and indeed I an.

Hovever, the situations dealt with in the present work: are
SO straight-forward that it 'wouyld be totally unreasonable to
question the falsification requirement. Moreover, the
application of ‘the falsifiability requirement in Psychology
could save- the research community much time and effort - see
Park (1972) and Platt (1964). See, however, the discussion in
the last chapter belovw. o . '



L

(p) then (g)"). To verify it, he will 1look in

this case to see whether or 1ot there is a

counter-example x and non-y, therefore P and not-

ge (b) He will also ask whether it is really X

vhich implies y --+--(in Beth §& Piaget, 1966,

pe 18i) » A

The status and authority of Piaget in modern psychology
is ungquestionable. The influence of his 'stage' theory of
cognitive development likewise has dominated other theories
to the ;éoint of eciipsing’thén ~ Yet what happens to the
theory if a 'stage? may vanish under the threat of unfamil-
iar material?

The reader who has not met the partlcnlar préblens in-
volved in the present vork may feel reluctance in accepting
the difficulty subjects have, and may suspect a 'catch'
This suspicion in fact provided the second reason for emn-
barking on this stady: Could such transparentlf sinplé prob-
lems present such difficulties to the cream of a population?
- in the case of Wason and co-workers, to,Unlver51ty stu-
dents. 1In pérticular, Could the experimenters have unvit-
tingly but repeatedly made things in some way obscure or
difficult for their subjects? (The possibility of continui-
ti in this respect between experimenters explains the re-
ference above to "apparently independent rese;rchers").

" These findings, in which intelligent adults fail re-
peatedly to solve a siaple problen, and have g;eat @ifficul—‘
ty in attaining rational behaviour, even under guidance,
icleariy have ilplications for any eduCational activity above

o

the level of . inducing rote-learnlng.‘ If intelligent and

educated adults cannot reason 1oglcally vith simple abstract



material, how can we expect immature children, groping in a

mass of unfamiliar and uncoordinated new material to do any
better? These deceptively-simple findings are therefore
examined in some detail in this thesis.

There are two further points to be made before proceed-
ing with a rgviev of previous work in the area. The first
is that very clearlf only a narrow aspect of reasoning is
being considered hefe.' It might reasonably be asked, How
does ihis area of investigation tie in with the wealth of
other data accrued over the last fifteen years or sd in
areas variously labelled as ‘problem solving', ‘information
processing?', iconcept formation', ‘rule formation', and SO
on? The central point here is that each of these areas
turns out to be rather narrovly defined in terams of its con-
tent, which fact is pot obviously indicated by the titles
attached to then. W¥hat communality is tﬂere, then, between
the areas? Do we have a Science of Psychology, or several
sciences, or any at all? These questions may well be close-
ly tied to theyastohishiné variability and adaptability of
human . beings (with linitations vithin any one area), which
perhaps force on experinente;s these barely-connected areas
in which to work, land may account at a very fundamental
level for‘basic difficulties in \establishin;r a scientific
psychology. Possibilities arising from such thoughts will
be discussed in the last chapter; and 'thete éill be no
reviev of work in such *'wider? aspects of reasoning in the

present chapter.



The second point concerns the ccmprehensibility of the
material below to readers unfamiliar with experiments in
this area. . One form of each of the "selection problem" and
the "rule-finding problem" will be described here so that it
will be simpler to follow the description of and comments on
previous work. For completeness, these descriptions will be
repeated in the next chapter.

Brief description of the taskse.
(1) The Selection Problen.

In one form of this task, four cards are presented,
each of which has some characteristic showing (eg. a blue
triangle, or a vowel, or a border of a figure). and some
characteristic hidden (on the reverse side, or by am opague
mask). The subject is given a rule, such as, "Every card
with a vowel on one side has an even number on the other

sidet,

Al 5| | F| | 4

The abstract form of the selection task

Figure 1

_ The subject is asked <o select those cards he would
like to look at to be sure that the rule is true or false
for all four cases, The ccrrect choice for the case shown
in Figure 1 would be the 'A' and the '5',

(2) The rule-finding problem. :

Two forms of the problem have been used one including
sets of three numbers, the cther involving animals. In the
former case, the subject is told "I am going to give you an
examnple of something conforming to a rule I bhave in mind. I
would 1like you +to give me examples, one at a time, and I
will tell you whether each one conforms to my rule, cr does
not conform to my rule, The first example is '2,4,6' ",
The rule is, in fact, any set of three numbers in ascending.
order, (vhich, of course, dces not exclude odd numbers,
negative numbers, zero, ratiomal, irrational, or trabpscen-
dental numbers, nor the possibility of unequal increments).



Previous work on the selection task. !

. 3 '

In his 1968 paper, "Reasoning About a Rsle", Wason re-
ports that earlier work at the Psycholinguistics kesearch
Unit of London University had shown that in a task ypvolviag
propositions expressed in evetyday terms, affirRatig, of the

_ ‘ 1,
‘consequent occurs significantly more often thapm Qenial of
the antecedent(ﬂ&son,”1968(b), p- 273). This ¥2s QJ1so the
case with abstract material, but to a gréatex degree:
Labelling the antecedent and comsequent p and d reypective-
li,' (eg. if there is a vowel on one side of g Card (p) then
there is an even number om the other side(g)), he LQports:

Nearly all subjécts select p, from 60 to 75%

select g, only a minority select not-gq, apd hargjy

any select not-p. Thus tvwo errors are coPWitteg:

the consequent is fallaciously affirmed, 23hd the

contrapositive is witheld2 (Waspn, 1968, PP. 273-

274) .. .

Uu the grounds that the semantic concept of falgjty and

the syntuctic codcept of negation "both cays€ difficulty

vhen sertonces have to be evaluated or constructedw  Wason

therefor= - ced 'therépeutici treatments, %o wcorrect

- the bias tc :rutih or cortespondénce" (ipid, B, 274).
In the firz" e. ient, subjects perforied the& sgjection
task (wit> - .- .2aris, nsing _etters and nusPers, apd the
rile "If there is . o oné side of any card they there
is a"3' on its ots. side® , ap” vere theh asked, tor each

qgard in turn, wvhat .:lue~ on the backs of the ¢Cardy would

make the rule false. :s Wason puts it, they ¥Yere jprvited

2 see Appendix I for an outline of logica( terms.



"to project falsity". They wvere then invited to revise
their first decision. A control group was simply asked to
think again about their decision "because people often do
this task too quickly, and get it wrong". (wason coaments
in passing that."two‘subjécts --. seemed unable to comply
with fpe-ihsttuctions and vere hence rejected". This point
will be discussged IAter). The efficacy of Wason's therapy
 was nét great: the frequency of selecting not-g increased
from S‘to 8 (out of 18) in the experimental group,ﬂfron 2 o
3 (out of 16) in the controi group (ﬁfter ‘reconsidering').
More pertinently; of those experimental Subjects not select-
ing not-g initially (13) 8 'projected' p on to not-q, but
9211 3 of these 8 included ndt-grin their revised selection.
“"Thus", says Wason, "the therapy of falsifying values cannot
alvays be induced, and even vhen it is induced it is by no
means effectiven (;ki_,‘p. 275). |

A fﬁrther poiht which Hill”again be discussed below, is
a somevhat curious comaent ladé by Wason regarding the res-
ponses .of some subjects when asked to pick out only those
values vhich 'could break the ruie', ie.'falsify the condi-
tionalbsentence. Pour suﬁjects selected only value; of not-
P -and not-g, and refused to tarn’ them over, because they
élai-ed this was useless. He quotes, "It doesn't make any
diffe:ence - ‘the two I have chosen do break‘the rule”, and
v"Ihere is no rule regarding that card {(not-p) ", iasqn re-

parks,

Thus, in a small minority of subjects, the concept
of something following a rule appears to be inade-

q



quately conceived, for to knov what could follow a
rule is to knov what could break that rule (Wason,
1968, p. 277).

In the second ftherapeutic' atteapt, four "progran
cards" vere prepﬁred with the following stimuli on either
side: (a) square, yellow scribble; (b) square, red scribble;
(c) rectangle, red scribble; (d) hexagon, brown scriﬁble.
The experinental group was then presented with the sentence,
"If there is a square on one side of the card, then there is
a red scribble on the other side", and vere asked to pick
out frql the four program cards "the one card which makes
the rule false"™, and then "any which make thé rule trueﬁ.
(That is, they could handle and examine the cards). It wvas
explfined to them that ntheir decision meant that the ' con-
verse of the sentence could not be assumed - that the rule
held 'only one way'" (ibiﬁ; pP. 278).

Then both,expérinental and control grodps vere pre-
sented wvith all eight'COlbinatiéns of p and not-p, and'g and
not-g, and\uere asked to select those cards which would show
¥if you knewvw what was on the othe;_side", that the rule was
true or false. They were then asked to turn over the cards
they _had, indicated, and to teli‘the experimenter wvhether
each proved the rule true or false. Finally, subjects were
asked to "project falsity" on to the cards they had pot sel-
ected: starting with the not-q cards, they_veré asked,
"Could aanything on the back of this make the rule false?"

The' "programming procedure”" produced little improve-

ment. Though all subjects in the experimental group picked
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P and hot—g as the only falsifying case, and P and g as the
only verifying case during the .programming, the respoﬂses of
the two gronps were almost identical in the selection task;
in partlcular, one persom out of thirteen in each group
chose the case of p and not—g.

In his discussion of this paper, Wason is therefore led
to question whether the stage of formal operations is comp-
letely achieved at adolesceﬁce "even among intelligent in-
lividuals". He further asks whether it is the verbal trap-
pings of the problem which create the aifficulfy, or is the
difficulty inherent in the 'formal structure! of the rules?
An& if the words in vhich the rules are expressed are res-
poasible fdr the difficulties, "what words illuiinate the
structure?n (ibid; P- 251). As I hoperto make clear in the
sequel, I believe the latter formulation is a red hefring -
I do not believe that "the rules" and "the words in which

they are expressed" are Psychologically separable.

Subsequent igvgstiﬁations 21” the ©¥ason and Johnsop-

Having raised the question of Qhethe;, the vordin§ of
the probléﬁ might affect subjects' performance, the effect
of presenting the disjunctive fora of ihe rule was next
tested (Vason & Johnson-Laird, 1969‘. The authors point oat
tﬁat the tfuth table for disjunctidn, that is, meither there
is not—g or there is g, or both" (not-g or g) and the truth

table for implication (p 1lplies g) are 1dent1ca1. Hovever,
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the work described above (¥ason, 1968) and an unpublished'
work 'by Johnson-Laird and Tag;rt shov that "if p then g" is
usually understood to be true only wvhen both p and g are
true. (This wvas in fact confirmed during the present inves-
tigation). 7

A modification was nade'in the 1969 paper, in that sub-
jects were not asked to pick out all thé caseé to prove the
rule tfue or false, but vere told in- one alternative that
the rule was true, in another that it was false. and were
told to choose values tq.prove this. (The coerct response
is of course the same in both caées). Two forms of the sen-
tences vwere uéed, corresponding to the disjunctions (not-p
or gq) and (p or q). Imn thé first case, the correct response
is to select not-p and not-g, and in the second case, .to
select p and not-g. Two such forms were used because of the
known difficulty in evéluating negative sentences: it ias
hoped that‘the (p or g) form wvould "act as a baseline .
against which the difficulty of (not-p or g) could be
measured" .(Wason & Johnson-Laird, 1969; p. 15)3, Pour dif-

fergnt stimulus-sentences were used with each of these con-

LY

e

.3 It is, however, difficult to see exactly to what use the
authors could put such a comparison. The aim is to compare
the difficulty of (not-p or g) found in this work with the
equivalent implication form (if p then g), reported in
Wason, 1968. Presumably, what is intended here is that any
extra difficulty which might be encountered could be blamed
on the negative form of the proposition ("either there isan't
a p or there is a g"), and therefore the non-negated form
must be brought in for comparison. But this (p or g) is a
logically inguistically different proposition (in fact
equivalent o the implication "if nc--p then g"), and so
cannot be directly compared in difficult: <ith "if p then

. g".
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ditions -~ eight sentences in all. For each of these, eight
stimulus-cards were constructed, consisting of exemplars of
P or not-p on one side, and g or not-q on the other side.

Each subject was presented, one at a time, with four

different sentences, each exeaplifying one of the four diff

ferent conditions, ( (E or g)T; (p or q)F; (not-p or q)T;

and (not-p or q)F), where the T or F after the conditions

indicates of course that the subject was told that the rule
vas true or false, respectively, for that dase.

For each condition,_subjects vere given scores of 0 to
4, according to the number of correct cards he_ had seiected.
Mean scores vere: | |

(por g)T = 2.9; (p or q)F = 3.3;

(not-p or g)T = 2. 6- and (not-p or qQ)F = 2.7.

The prediction that the negative condxtlons would be

more difflcult than the afflrlat}ve ones wvas confirmed, but

there wvas mo signiflcant difference statlstically betveen

the true énd false conditions. For both true and false

‘CASes, correct selectiohs_ vere made more frequently than
incorrect ones - 36 out of 48 for the case (p or q) and 25
out of 48 for the case (not-p or g), bat only four subjects
out of tdenty-four:uéte correct for all four conditions.

’ Though the task in the form "either not-p or g" thus

appears to be eas;er than that outlined above for "if P then

q*, (snnnar*zing the Wason, 1968 papet), once -again, more

~ interesting asp@cts'arise‘fro- the qualitative observations.‘

Thus, when the rule was known to ‘be true, four sabjects




13

P

"matched" on both 'true® conditions (i.e. chose those cards
vhose exposed sides were mentioned in the rule - which is of
course an incorrect s*-ategy), yet three of ther made

correct selections under the 'false! condition. When the

//////Puié/was true, reaSons_given for rejecting the relaining

cards wvere:

"You are tryidg ~to prove the rule is tAue, and these
might disprove it" [sic1 ). S |

"Thesé others are not what i§ stated ;n the rule, and
the Lule is true". .

#I chose the true ones. J§o matter what is on the other
side, these would proved [sic] the rule"™ (Wason and Johnson-
Laird, 1969, p. 19).

Hovever, Awhen the 'rule;is ggl§g; these same subjects
made the correct selections for the wrong reasons:

®"If I am trying:to pProve the rule false, then it is ob-
vious yéu vouldn't  étart with the " ones which ‘Prove it

"COLrectn, |

/

"Those otﬁers .are vhat is statéd in the rule and the
_ rhle is supposed to be falsen (ibid).

B Hoﬁévét;Abeyo&d these pafticnl#r cases, 16 of the 24
sﬁbjectsvépontaneéusly doubted that SOIg'of their selections
vere correct. As Wason and Johnson-Laird put %t,'

"With a conditional, the individual is likely to
be confident but wrong; with a disjunction, he is
likely to be unconfident but right. Themeaning
of the conditional gives no hint of the negation
or ' falsity which underlies its 1logic. The
disjunctive element makes this element explicit,
but thig Seeas to weaken the grounds apon which
any inference can be Rade"(ibid, p. 20).

PR ) ‘ S,
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Wason attenpged to remove the "fixation" that the case
of not-g is irrelevant in a paper provocatively entitled
"Regrés on in Reasoning® (Wason, 1969a). The rule the sub-
jects were to test vas the sentence :

"Ev card vhich has a red triangle on one side

hhs a blue circle on the other side.",
and the visual stimuli were cards with a red triangle (blue
circle); a red circle (red triangle); a blue triangle (read
~ircle); and a blue circle (red triangle) - where the sysbol
named in parentheses was the hiddem one of each pair.
Subjects 'were told that edch card contained a circle oan one

side and a triangle on the other, and were invited to exam-

ine “oth sides of each of a set of eight training carads,’
four with circles facing up, four with triangles up. The
cards wvere then replaced with the four test cards listed

‘above, the rule was stated, and subjects vere asked to tell

the experimenter “vwhich of the cards you need to turm over
in order to find out whether the sentence in front of you 4is
true or false". if the subject saii valy éhat one showing
the red triadéle, the experilenien asked 'in a casual
voice!, "iny the red.triangle?" The subject wés then asked
what there could be on the reverse. of fhe red triangle card.

If he said "a blue circle", he wvas reminded that the rule

could be true or false. If the subject did not arrive at

the conclusion that the p and not-q condition would prove
the raule false, he was told that it would. He was then

asked, "By the way, vhat was your choice of cards to turn
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over in order to find out whether the rule in front of YOU
dis true or false?" 1In this way, the subject had the chance
of Sﬁding the casé not-g(p) - fhis,sequence Wason called the
'veak h;potpetical contradiction test'.

In the ‘'strong hypothetical contradiction test', the
experihenter pointed ‘to the not-q case, and repeated the
;bove Qrocedure. If the subject failedjto say that the not-
g(g) contingency‘ would make the sentence‘ false, he was
prompted. |

| In the 'éoncreté contradiction test', the subject
‘turned over those cards he had'selected as relevant, and wvas

asked if the sentence was true or false. If he had not

chosen not-g, the experimenter turned it over - (this was in
fact the only refuting case) - and the question wvas repeat-
ed.

With a separate group of subjécts (each had sixteen
merbers), the above experiment was carried out, but with
raining cards which had the contrast red or blue on the two
sides, rather than triamgle or circle, so that the s;bjects

knev that the red c¢ircle (the previous falsifying vcase)
T .

could not have a red triangle on the other side, and the

falsifying card in this case was thus the blue triangle.

.Nason, predicted:

«-.When the colour is unpredictable by the sub-
"ject, [the first situation above] performance
‘would be better than when the shape is unpredict-
able. The stimulus which is 'not a blue circle?,
and hence would falsify the test sentence if it
vere on the same card as a red triangle, seceas
‘intuitively to be more appropriately satisfied by.
-a red circle than a blue triangle. A red circle

3
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lacks only an attribate (the colour) of the blue
circle, but a blue triangle is a totally different
entity (Wasom, 1969, p. u472).
- The present author is wunable to follow this 'intuitive
reasoning®', but in anyvevent, there was no difference bpet-
veen the performances of the two groups, so this section of
the experiment has not been treatedvin any detail her
Confroﬂting the subjects with this sequence of contra-
dictions did in fact result in a monotonic, but irreqular
increase in the number of subjects selecting the critical
not-q case. However, it was not until Wthe concrete tesg
that a significant proportion began to realize that only p
and not-g need be turned over: after the *strong hypotheti-
cal contradiction' stage, only five had decidéd on p and
not-g. After the 'concrete contradiction', 10 now selected
p and not-gqg, and the number sglecting only p and g had
;opped fron 16 at the previous stage to zero. However, the
number now selectlng P, 4+ and not-gq 1ncreased fro: {at
the 'strong hypothetlcal test! stage) to 17 at the
'concrete' stage. Subjects certainly shoied reluctance o
reach Wason's Received Truth of P and nof-g;\ As Wasbn says,
"These modifications were designed to make the problen ea-
sier. They did not succeed in doing so" (ibid, p. 476).

- Wason points out that his method could be criticized on
the groumnds that (i) The hypothetical contradictions were
asked about contingencies other than the falsifying ones,
B(not-g) and not-g(p), and could thus have been inefficient;

and (ii) that these tests "aight have occurred too far in
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time from the subject's previous choice of cards".

To counter these arguments, a further small study vwas
carried out in which nine subjects were asked only about the
consequences of the tvo falsifying contingencies, and were
immediately asked to recall the task; they were then asked
to recall their previous choice and whether they were
satisfied with their_éhoice. '

Wason reports that these subjects did worse than those
in the main experiment, refuting the criticisms with rea-
sonable certainty. However - and this is the point of men-
tioning the subsidiary_experinent here - Wason offers a pos-
sible ‘explanation', showing why this treatment might have
caused a worse performance, because

subjects may have been defending their previous

decisions unconsciously against contradictory in-

formation. The attempt to strengthen the
contradictions wmay have increased the momentum of

the original intentions so  that they remained

immune from critical information self-generated by

the subjects. The proximity of tais critical in-

formation - to the subject's decision may,

paradoxically, have insulated the decisions

against interference (ibid, pp 477-478).

In other words, Wason provides a possible mechanisa t.
explain a certain phenomenon, and an experiment to test his
explanation. The experilent turns out to have results
opposite to those expected, and the ‘strengthening of
‘unconscious defenses' is invoked to explain this. But pre-
sumably, if the experiment had had the expected results, the
belief that it was the true explanation would have been

strengthened. Its refutability has been shielded by the

introduction of other factors, untested, and possibly untes-



table. This kind of sloppy thinking regarding ‘explana-
tions' is common in pPsychological pPaperss,s bat is
particularly regrettable in a paper devoted to logical
thinking and the refatation of hypothesess. To quote Wason,
from this same paper: '

Piaget's view that the adolescent will seek to

verify a 'complex causal situation' by looking for

the counter-exaaple, (B and not-q) in order to

verify that p implies g (Beth and Piaget, 1966) is

not corroborated by the data (ibid, p. 478y .

To explain the failure. in the experimental task of
"highly intelligent sub jects™  wason pProposes tLat either
Piaget's theory requires lodificatidn,, or that "there is
Something about the task which predisposes sonep'individuals
to regress temporarily to earlier modes of cognitive

functioning"® tibid, p. 478) . But how are we to account for

Fason's failure to 'look for the counter~exanp1e(?

Nevertheless, one clearly cannot disagree with the con-

Cclusion that the sub jects, who 'sﬁould all bhe completely

4 See Park, 1972, for other exaaples. v

3 Hovever, npmatters are rarely clear-cut. Soae weeks after
vriting the above footnote, ‘I came across the following coa-
ment in a 'Reply' to Popper, froa a former student ang
colleague of his: '
“"Although one gathers the impression that Popper takes a
verificationalist, rather than falsificationalist, approach
to the examination of his own intellectual development...n
(Bartley, 1968, p. 116.) There are indeed Rany philosophers
vho think that Popper's theories are quite eampty - see, for
example, Schilpp{(1974), throughout. '

¢ It is not suggested, of course, that the experimenter
should be determined to refute Something every time hqzopens
his laboratory door. as Hedawar has said, ") realistic me-
thodology must be one that allovs for repair as readily as
for refutation® (Bedavar, 1969, p. 41). However, Wason is
here explaining avay his own explanation of a particular
observation.
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within the stage of formal opérations, according to the
Piagetian theory, failed to think in hypothetical terms
(that is, to consider wvhat might be on the other side of the
stimulus cards), and to look for a counter-example.  The
wvording of the rule in the paper.considered here, and the
vuse of only binary stimulli (red/blue, triangle/circle) did
not apparently ease the ptdble- for the subjects. The pre-
sentaﬁions of contradictions did indeed - finally - cause
most subjects fo admit the releyance~of the card showing the
not-q case, but seemed to cause more subjects (than in
Hason's 1968 paper, outlined above) to select the g case as
vell. If one is ‘thinking in Piagetian terms, the subjects
do appear to be egressing.

Following this convincing demonstration of failure to
reason adeqguately about conditional sentences in an abstract
task, a report was published of an atteampt to iniestigate

(i) Whether insight would be more readily gained

if the task wvere to be both concrete and simpli-

fied, and (ii) whether such insight is an all-or-

none matter, or whether it wvould vary over a

series of trials as a function of the cognitive

load imposed (Johnson-Laird & Wason, 1970),

There seems to be a slight gép here, as far as the
se??nd investigation is concerned. Just vhat form of cogni-
tive 1load is being considered, in relation to the earlier
experiments? After all; ve all know that we do not perfora
as vell under greater 'dognitive load' (that is, presumably,
vith more difficult tasks) as ve do vwith easier tasks.

Wason had, furthermore, already produced evidence that

-tinsightt', 1in the context of the selecticon tasks, is not an
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"all-or-none matter". It seems 1likely, then, that the

reason dquoted above for carrying out the second experiment

is actually an after-the-fact rationa;ization, and that the
ihitial notivafion vas nuch‘less clear-cuf7

Neither of the two investigations produced results in
any wéy surprising when viewed in the light of the earlier
wdrk, apd they-uill be desribed as briefly as possible here.
The first experiment was designed "primarily to examine the
grasp of ilpiication in a simplified, concrete task". In
addition, the two syntactic foras, "if they are p's, then
they age g" (conditional) amd "all p's are q" (Quantified)
vere conparéd, and the semantic effect vas tested of having
subjects prove the rule true, or prove it falses. (As re-
ported abové, the latter factor was found to have no effect
vhen - implication was expressed as$ a negated disjunction,

- "either not-gvor q"). One of four groups vwas assigned to

? This is not a condemnation of the experiment itself.
~Empirical science may necessarily be a fuzzy, stumbling sort
of process, gaining its apparent clarity and sense of direc-
tion omly on the published page. See P.B. Medawar, Is the
Scientific Paper a Fraud? (1963) . The problem - as here -
is that the development of an . idea Ray bé lost to the
reader. This is well-illustrated in the educational sphere
in the 'purest! of the sciences, physics and cheaistry, when
high school students want to know ¥hy someone was studying a
particular problem at all. What led Boyle and Charles; for
example, to "mess about with gases" (as one student put it)?
Or Butherford to bombard. nitrogen with the emanations of
radium? The ansvers are mot easy to find in published
experimental reports, and indeed, Medavar claias that we
should rarely expect to find thea: "It is no use looking to
scientific 'papers', for they not merely coanceal but
actively aisrepresent the reasoning that goes into the work
they describe" (Medawar, 1967, p. 151).

8 Johnson-Laird and Wason used "p" and "g" here to refer ,to
particular exeamplars, not to propositions. Hence, they ate
not - underlined. o
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each of the conditions formed by combining these two pairs,

(seven subjects per group). The test sentences used vere,

’

4 All the triangles are black.
and
If they are triangles, ihen they are black.

The sentences referred to the coﬁtents of tvo Dboxes, éne
labelled '"whité" and one labelled "black". Subjects were
assured that thé contents were indeed white and black fespe-
ctively, and that onlf circular and triangular shapes were
cdntained\ in the boxes. They were to ask for shapes one at
a time from either box, and anﬂounce vhen they were sure the
rule was definitely true or false. Each box contained fif-
teen shapes, and of course there was need to ask for white
objects only, and to select them all. Pot subjects proiing
the rule false, the:white box contained fourteen circles-and
one triangle. In order to give subjects the chance of de-
monstrating §pgntggeggs insight, if they requested black
shapes, they vere given only triangles on the first five
trials, and a circle on the sixth. In the two groups prov-
ing the rule false, all fourteen white circles were pre-i
sented before the uhite-triangle, so that insight was re-
vealed by persistence in reguesting qnly vhite stimuli.

Essentially, the task was found to be easy. No subject
asked for all the black shapes, and all’of thenm requesteg

all the white ones, so that all were assumed to have gained

- insight at some pbint.' The total number of black shapes

requested vas hence used as an imdication of insight {or
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rather, of 1lack of imsight). There was no statistically
significant difference | between the *quantified® and
'conditibnal! cagses, but the 'prbve false' condition pro-
duced significantly fewer errors than the 'prove true' con-
dition (using a Kruskal Wallis analysis of variance,
FP < 0.01). This i go be expected in this simple case,
since in a sende, "show the rule false" is directing sab-
jects to the white cases. Indeed, Johnson—Laird and Wason
. report that_‘only one subject reqnestqd six black stimuli,
and none of the others requested more than twvo.  (In fact,
nine out of the fourteenm in the fprove false' condition re-
quested no black shapes at all).

The "gradually increasing cognitive load” im the
second experiment was derived from the use of six sentences
‘involving the quantifiers "every",‘"soneﬁ and'"no", used as

follows (from Johnson-Ldird and Wason, 1970,p. 54):

(i) Doubly-quantified rules:

{a) Every dot is connected to some dot or othe;.

(b) No dot is connected to every dot.
(ii) Conjunction or disjunction of doubly-quantified.ruies.

(c) There is a dot‘vhich is connected io a dot, but no dot
is connected to every dot. ‘

(d)_ There is a dot which is not connected to any dot or
every dot is connected to every dot.
(1ii) Triply-guantified rules, |

(e) There is a dot comnected to a dot to which no  other
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dot is connected.

(f) Every dot is connected to a dot to which another dot

is connected.

It was assumed that these rules increased in complexity

over the three levels. Hence, it was predicted that the

simpler the rule, the greater the insight whi >uld be

gained into the structure of the task. Such insi - ould
be manifested in the absence of positive instances c -~s.. by

the subjects and the presence of negative instances.

Each of 24 subjects was tested in all six rules in a

countérbalanced order.

The task was this: Subjecfs had in front of them eleven
catds, eaéh wvith four dots in the form of a square.
Straight 1lines connected ndne, some or all of the dots on
each card, and no twvo diagrams were alike. . The instructions

from the experimenter vere

I vant you to imagine thatsI have taken some of
these diagrams and put them in an envelope, sealed

- it, and then written a description of all the dia-
grass it contains. Of course, I haven't put all
the diagrams in the envelope, and the description
might also apply to some of the diagrams left out-
side the envelope. Your task is to discover
vhether ay description of the contents of the en-
velope is true or false. The way you will do this
is by picking out, one at a time, those diagrams
which you want informatiom about. I will tell you
vhether each diagram you choose is inside or out-
side the envelope.

A diagram wvhich is a positive instance of the rule may
be inside or outside, and knovledge of its location is of no

use to the subject. Hence, to check the truth or falsity of

.
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the rule, he must ask ror information on non-exemplars. As
subjects selected diagrams, they were asked‘to state vhether
their choice was a positive or a negative instance. (In one
of the subsequent analyses, Johnson-Laitd and Wason counted
as a 'correct' choice one in wvhich the subject pointed to a
positive case, but jdentified it as negative - in other
vords, he had intended to choose a negative exemplar).

Five of the 24 subjects showed no insight, choosing
both positive and negative instances throughout, and four
showved complete inéight; data from all nine were discarded
as "unilluminating"?. Dpata from the remaining - 15 subjects
essentially confirmed the predicted decrease in insightbwifh
complexity of ruie, buf the expected trend was by no means
clear-cut. The chief cause of.this lack of clarity was the’
difficulty encountered by subjects with the fourth rule, the
disjunctibn,  "There is a dot which is not connected to any
dot, or every dot is éonnecte& to every dot". The difficul-
ty‘uasAnot caused by lisidentificafion of instances of the
rule; on the éontrary, together with ruie (a) it had the
lovest rate of misidentification of all - 1.5% for both
rules. According to the linquistic intuition of the present

author, the rule (d) seems to be written in a particularly

? It seems regrettable that the data from the five showing
no insight were discarded. Did they perform relatively
better with the 'easier' rules? Were they beginning to show
a tendency to choose negative examples? (The authors report
for the remaining 15 "“a slight but insignificant tendency
for insight to increase with practice" (ibid, p. 56). Did
these subjects come from among those vho received the more
difficult rules first? S ’

[



25

obtuse wvay. Though the remainder are hardly paradigms of
good étyie, they seem to permit images to come to mind more
easily than does rdle (d). The difficulty of conprehensioh
is further indicated by %he leanhinspection time during
vhich each rule vas éxalined before the first selection.
,g‘f:e vere, in seconds: (a) 29; (b) 40; (c) 37; (d) 55; (e)
41;  {£) 53.
The results of all the above-mentioned experiments were
' subjected to a 'theoretical amalysis' in Johnson-Laird and
Wason (1970(b)). fhis 'ahalysis' consisted of the construc-
tidn of tvb 'infor;éiion-ptocessing' nodels (flow-charts), a
- preliminary ana a revised.nodél. These flow-charts are re-
produced on the following‘tvobpages.

The first aodel seess to be rather obscure. Firstly, I
take the notation in boxes 4 and 7 to meam "Could any symbol
on the other side of this card VERIPY/FALSIFY the rule?",
respectively. | |

o Secondly, in their text, the authors do not in fact
state\;xplicitly vhat insights (A) and (b) are. A little
spadewofk produces the following synthesis: Insight (a) de~-
mands that:snbjects ask the question, "Of those cards éhich
could verify‘ the rule, (i.e. p and q), could any symbol on
the reverse falsify the rule?" If the subject does not have
this insight, both the verifying cards are turned over. If
“he ~does, q is not conside;ed further. Insight (b)'denﬁnds
that»subjects ask the §uestion, nOf those cards which could

- not verify the rule, (not-p and not-q), could any symbol on



0

Examine rule.
Retrieve 'truth
table'.
1 W
Place all cards

on LIST of 1tems
to be examined.

26

A 4

2

Any
cards on LIST
to be

xamined?

Examine ith
card on LIST

No

9

Card should be
"turned over".

Remove from
LIST.

Any
symbol
which on other
. s8lde could
FALSIFY?

INSIGHT
()

)
Card "irrelevant".

VY .

AY 4

Remove from LIST.

Johnson-Laird and Wason (1970), "Preliminary model.

'Figuré 2,

' 4



0

table'.

. Exaﬁlné Tule. oo
Retrieve

'truth

Yes 1

2

rule imply its

Place antecedent
and consequent
on LIST of items
to be examined.

No

N4

3

Place antecedent
on LIST of items

to be examined.

27

Examine ith
card on LIST

No

Any
8

. which on other
‘ side could

Any

COMPLETE
INSIGHT.

symbol
which on other
side could
NFALSIFY?

cards not
placed on

1

Place remaining
cards on LIST

Remove from

LIST.

of items to be }

examined.

10 . o

Card should be

"turned over", \
rd

Y

falsified by 1th

Card "irrelevant'.
Remove from LIST.

No) y

I 4

N2

Johnson—Laird and Wason (1970), "Revised model".

Figure 3.



28

'
the reverse falsify the rule?® If the subject does not have
this insight, -both cards are ignored as irrelevant. Thus,
£he presence or absence of each of the two insights give

rise to the following selections of elements-to~be-examined:

L)

INSIGHT (b)
Present | Absent
Present p, NOt-q P
INSIGHT (a)
Absent Pe Qi Pr q
not-gq

Choices according to the Wason and Johnson-Laird

“"Preliminary model"

Figure 4

o

This nodel was rejected for three reasons: fzrstly, it
seemed unlikely that insight (a) would cccur three times as
often as insight (b) (as was indicated by the data from
Fason's earlier experinents), since the two seen conceptual-‘
lj sililar..« Insight (a) involves the rejection of a value
bécause it could nﬁt falsify; insight (b) involves éhe ac-~
ceptance of a value because it could falsify. Secondly, the
selection of cnly p (lnsight (a) ui%hout 1nsxght (b)) "may

“hot 1ndicate a deep insight, bnt merely signify that § cop-
strues tho ‘rule as asylletric" (ep'cit, p. 140). Thirdly,
in the "remedialm treatments, Subjeéts ‘often relinquished

the chqice of p only; in Tavonr_of P q; and not-q, which,



as is indicated in the table above, involves the gain of
insighf (b), with the simultaneous loss of insight (a) -
which seems unlikely. Moreover, Johnson—-Laird and Wason
report (ibid, p. 140), that very few subjects exhibit the
transition from p and q to p alone, which would 'correséond
to the gain of insight (a), froa the state of no insight.

The 'Revised Model' seeas intuitively more satisfying.
Firstly, most subjects select either p only, or p and q as
their initial selection - 42 and 59 respectively, o ~ of 128
subjects in the Johnson-Laird and Wason paper - (1970b,
p- 136}. - These subjects are focussing only on cards men-
tioned in the rule. Beyond this‘point, twvo levels of in-
sight are assumed, but “"complete insight" entails "partial
insight". The latter consists ip 'recqggizing that éards
uhidh falsify shouia;be?selected. Complete insight consists
~-1in recogmnizing that gglx.cafds which could falsify should be
selected( (Note that the model does not necessarilysexplain‘
the immediate éelection of p and no;-g_by a few sﬁbjects,
since ue suré1y canaot laintain’in the total absence of sup-
portihgbévidence that they must have gone through the stage
of partial imsight f&rst[. |

Johnson-Laird and Wason suggest (ibid, p. 144) that it
is possible to test this model by examining, for exanmple,
reaétion. tiies, or by using other logical connectives. In
Ry opinion, this is unlikely, but will not be disc&ssed fur-
ther; in particular, this seems to me to be pré—eninently;

the kind of experiment in wvhich reaction-times should not be
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used.

In summarizing, the authors once again make the point
that the Piagetian notidn of the formal-operationai stage
seems to be challenged by their results. They further ‘add a

novel remark concerning the maintenance of prejudice:

«--It 1is plausible to suppose that certain. preju-
dices are maintained im the face of contrary
evidence because the prejudiced individual lacks a
~type of insight which is analogous to the insight
required to solve our problem. A person who be-
lieves, say, that all actors are effeaminate, is
unlikely to test his belief by scrutinizing ac-
tors, because there 1is no immediate way of
identifying them. Nor will such a person consider
people wvho are not effeminate as relevant to his
belief. What is more likely is that he will note
the occupation of any effeminate individual he may
encounter. If such an individual turns out to be
an actor, the belief is confirmed. If he turas
out not to be an actor, the belief is obviously
(and quite validly) unaffected. 1In this way the
prejudice is proof against falsification (ibiag,
p. 146).

This 1is an interesting and entertaining application of the

authors! ideas, but is almost . certainly irrelevant, for

~ surely a common .characteristic of most prejudices is that

\

the objects of the prejudice are easily identifiable, by
skin colour, by dress, manner, acéent, and so on, in con-
tras+ to‘the‘“actors" of Johnson—Laird and Wason's exaaple.

In fact one imagines that it might have been quite difficult

for the authors to coastruct their exasple initially, for

“the first examples to come to mind would be expected to be

the visible (as’well as vell-known) examples.
" The model described above was tested in part in Goodwin
and Wason (1972). 1In this experiment, three variants were

.ntroduced: J:firstly, stimuli were positioned on the two
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halves‘of the same side of each card, one half being covered
(avoiding the difficulty that subjects might understand "the
other side of the card" to mean "the side facing down", and
avoiding the dse' of "a coaplex set‘of masks") ; secondly,
subjects vere asked to write ~out the reasons for their
choices; tﬁirdly, subjects in an experimental group had a
full set of ‘cards available to them to examine while they
were vorking on the experimental task. A control group did
not have this aid. b

It appeared that the difficulty of the task was not due.
to the difficulty of remembering and manipulating the abs-
tract symbols, for the presenée“of the extra set of cards
did not improve the performance of the experimental group
over the control group. Thus, the authors once more attri-
buted the difficﬁlty to "the failure of the abétract -a¥
terial to induce the idea qf a conbinatoriai an;lysis"
(ibid, p. 206). They also stated that the reasons given by
subjects fof their choices corrdborated the information-pro-
cessing wmodel abové, in that three levels of -insight were
shown, and "there is a close relation between the dégrees of
insight indicated by the protocols and . the corresponding
seléction of the cards (ibid, p. 212). However, the process
of giving reasons did not apparently hélp in producing in-
sightﬁ | 7

Only five out of the 26 subjects attained the éoi-}

rect solution after trying to . give reasons for

their incorrect selections, and two of them had ]

already attained partial insight. Oon the other

hand, two subjects regressed, from partial in-
sight, and complete insight respectively, to a



total 1lack of insight, revealed by changing their
selections to p amd q.

Two points of interest arise fronm this paper. Firstly,
six subjects out of thirty-two were classified as "other" in
their selection of 1logical values. (The other ‘tabled
choices veré: p and not-q; p, ¢, and not-q: p and ¢; and p
alone) . Five of the protocols of these six were not pre-
sented "because most of them are infected [sicl] with
serious confusion and apparent misunderstanding of the
problea" (ibid, p. 211). That is, almost 20% of the
"intelligent .subjects" failed to grasp the problenml
Secondly, two of these six chose q only, which Goodwiﬂ and
Wason attribute £o an extended verification set:

This rare selection evidently arises when the set

for truth extends to a presupposition of the trath

of the claiam to be tested (p. 208).

However, it is sarely crucial to point out that the verifi-

cation set' is wvorking im one direction only; the subject
assumes that aAp'vill have a q with it - (in the one proto-
col given which involves the choicé of q only, the subject
Says so) - but he does not then as;n-e the’q gast have a p
vith it. This is a claséig example of . the irreversibility
of which Easoh makes so much, and which he relates to the
Piagetian‘ framevork. (The subject‘ has v' apparently
"projected' a q‘on to the p, then, ?ssuling the rule true,
decides not to reveal this case. But what has the suabject:
projeéted on tb g? Por if it is a p, he need not'test it,

and if it is a not-p, he also need not test it, as he has

already shown in his rejection of the not-p case).
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Of the two subjects choosing q only, Goodwin and Wason
say in their Discussion section, "...these two subjects
appear to be more rational [than earlier subjects vho had
shown a verificatiomn set by choosing p and q], because, if
they assume g 1s associated with p, there is no need to
select p" (ibid, b. 211). This sonévhat confusing arqgument,
though possiblf legitinate,'is confounded by a aisprint in
the same section; the above-quoted sentence is preceded by
"One novel feature of the present results is the selection
of only"‘not-g (twvo cases)"™ (ibid). This must surely refer
to the two g-only cases just discusséd, as is further indi-
cated by the similarity of the language of the paragraph in
question (in the Discussion sectioﬁj and that ander
"Selection q" in the "Qualitative Results" Seétion (pp 209-
210) . Substituting the negation of # predicate for the pre-
dicate would be a grievous error in any context! M

In a paper published slightly earlier than thatfhjust
discﬁssed (wvhich wvas imatroduced first because of itS'élgger
association with the information-processing model), Wason
and Shapiro investigated the effect of having two groups of
subjects 'project' what values on the reverse of each of 24
cards would v-éke a givén rule true or false (group 1), or
say vhether the value in fact on the reverse of each card
made the rule true or false (group 2) (Wasoh and Shapiro,
1971). They were told, however, that it would be in order

to say that nb value on the othét side'vould make the rule

true or false.” Both groups wvere corrected wvhen they made
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errors; The authors hypothesized that since "the construc-
tion method clearly involves an imaginative act, and hence a
greater degree of imvolvement, ... it was predicted that it

‘would be associated with s&pe;ior performance in the subse-
quent selection task" (ibid, p. 64) .

The selection task was in fact presented to all sub-
jects 1in two foras. One used letter and number stimuli
identical to those in the training tasks, the othet, = the
"transfer" task, used differént-letters and numbers, along
with a different Cule. The first rule was "Every card which
has a vowel on one side has an even number on the other
side"; the second, "Every card which has a D on one side has
a 3 on the other side".

\ The experinent‘showed "a trend in favour of the const-
ruction group", buf the difference wvas not statistically
significant. . However, the authors went on té atttibufe the
greater succesé of the construction group as being alnqst
entirely due to the non-éelection of q. 1In the two tasks
bined, the stimulus g was (correctly) omitted 19 times in

il

the\construction group, in the evaluation group, .only 9

: hovever, again in both tasks, both grouaps (incorrect-
jomitted not-q 12 times.  There was no difference in per-
mance between the 5tvo tasks, that is, between the
selection-task and the transfer task. "Knovledge is genera-

lised to the ex.ent that it has been gained®™ (ibid, p. 65).

The failare of half of the sub jects to select not-q for

‘exanlnatlon wvas. taken as conflrling evidence for the theore-
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tical model described above. Wason and Shapiro write:

Its relevance [that of not-q] is asSuned to depend

on the arousal of a conflict between p-and-q (as

reinforcing) and (not-q)-and-p (as falsifying).

' The conditions for this conflict occur if p had

been selected and not-q omitted.

However, it is ilportant to year in mind that when the model
says (box 1Q) "Card should be turned over; remove fronm
LIST;, the card is pot physically turned over or removed
from anything - the suﬁject.is not Alloved to turn the cards
at this stage. There is, of céurse, no reason why the sub-
Jects could not reverse this decision when .conflict arises
(though’ the model is plausible in that few actually do so).
Now, since in the experiments described above, "...these
conditions would be unlikely to have occurred because suc-
cessive insfancgs vere constructed, or evaluated, indepen-
dently of each other before the selection task is perfornéd"
(ibid) , one would hypothésize (on this model) that the ‘eli-
mination of conflict results in the failure to select not-q.
However, in both groups, half the subjects did select not-q,
vhich is not explained by the model.

Following thié relétive failure to facilitate the gain
of insight, Wason and Shapiro then turned to the question of
vhether "patural" experience would be more successful. The
thematic material they used represented journeys taken on
four days of the Heék, to Manchester and Leeds, by car or. by
train; " Bach card used had the name of ome of the'citiesA on

g:;e, and a meams of transport on the other. Subjects

Oone

vere presented the rule,
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"Every time I go to Manchester I travel by car".

If destination and medns of transport to that destiha—
tion werr matched on each card, then sub jects should have
.chosen "Manchester™ (p) and “train" (not~q) to test the
truth or falsity of the rule. Ten out of sixteen subjects
in the "thematic" gtoup did choose correctly, while 6n1y two
of a group using abstract‘naterials chose correctly. ’The
probability of this result being randoa was reported as
being .004 under the one-tailed Fisher-Yates exact test.

The authors attributed the relative success of this
form of . the test to one or more of these causes: PFirstly,
‘.the éilple use of coancrete rathe; tﬁan abstract material
might have helped. As is uell knovh, concrete nateriais are
better remembered, and also inhibit fallacious inferences in
_‘syllogistic reasoning. in support of the latter, the au-
thors cite Wilkins (1929) to. secondly, the relation between
the different teras ('travellihg')L is described as
“concrete”, aiding cle#r reasoning. (The present author is
not clear on why "travelling froa London to Leeds™ is more
concrete than "on the other side of the card", and the
matter is not elucidated further in the paper nndet discqs-
sion, except to suggest testing subjects‘vith rules such as
"Every time I go to.K I>trave1 by 3"). Thirdly, the thema-
tic material is said to fora "a coherent, unifiéd vhole",

leading subjects "to distribute their attention equally on

10 ' This should be 1928, as is indicated by the title of the
Wilkins paper. Both the text citation and the bibliographic
reference are in error inm the Wason and Shapiro paper.



37

its Conponen£s, i.e. the four cafds" (ibid, p. 69).
Further, "With thematic material it is gratuitous to‘ talk
about conhinaforial analysis: the ‘activation of stored know-
ledgé spgntaneonsly generates ‘'real' alternatives" (p. 70).
Hovever, omne is left with the feeling that familiarity with
this kind of material provides the key, and that possibly
one can not say much more beyond this. In a sense, the pro-
blem ceaées ‘to be interesting. Pinally, reference is made
‘briefly to Wason (1969b) in which the suggestion is made
that "...it is not so much the logical structure which makes
the abstract problem difficult, as the Structare wh ' e
subject imposes on the problea" (Wason amnd Shapiro, /0,
P- 70). In Wason (1969b), it is stated that subjects vho
vere presented with the solution first had no difficulty in
Justifying the solution. However, the actual experimental
conditions in this case have neveq‘been described, in con-
trast to ' Wason's usual neticufous presentation. It is
therefore difficult to judge his and others® (Johnsoh-Laird,
1971; Wasom and Johnson-Laird, 1972) comments oﬁ this
mattertt,

Two further "successes" wvere achieved in creating con-
ditions under which subjects conld.solve the problem: in the
first, using *abstract' material (geonetricallfignres), énb-
jects wvere required to discover the rule from a set of true

or false instances, before being given the selection task

11 The 1969(b) paper is otherwise a brief reviewv article,
and is not disciussed further here. '
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with the same materials (Legrenzi, 1971); in the second, a
possible 'real-life' situation was set up, in wvhich subjects‘
inégined themselves to be mail-sorters, and vorﬁed vith sti-
mulus materials which vere envelopes, with or without stamps
of two denominations, and sealed or unsealed (Johnson-Laird,
Legrenzi and Legrenzi,.1972).' |

The conclusions from the foraer appear at first sight
curiously subtle, for it is difficult to imagine how sub-
Jects éould derive the rule, yet not succeed in the selec-
tion task.. Nevertheless, ‘one + caanot disagree with
Legrenzi's conclusion that discovery has aided the acquisi-
tion of insight. The experimental design wvas as follows:

Subjects vere given four cards on each half of which
vas a triangle or a circle, and the cards vere completely
uncoveted. In the orde;, icircle/triangle, circie/circle,
triangle/circcle, triangles/triangle', the first only is a
negative exemplar of the rule, "If there is a circle on the
left, then ‘there is a circle on the right".  Subjects vere
told the first case vas a negative exeaplar and the re-
paining three positive exemplars of a rule concerning the
arrangement of the friaﬁgles and circles, but they were noﬁ
told the rule. The ‘experimental group' subjects had to
find the rule as their firsthtask. (In a second form of the
experiment, a further twélve subjects wer: asked to find the
rule, ggg‘ éxpress it in the form, "If there is ... on the
left, then there is ... on the right"). These experimental

group subjects weré then given four balf-masked cards, and
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vere asked to pick out those cards they would unmask to show
the rule true or falsé. The 'coﬁtrol group' subjects were
assigned to each form of the rule produced by the experimen-
tal group in equal numbers. Por example, if four subjects
formed the rule, ﬁThe rale ié trué if there is a c¢ircle on
the right, or tﬁo triangles fogether", then four control
group subjects were given the rule in this form ih thegisel?
ection task. (In the second form of the task, of course,
the rule was the same for all subjects). |

In the first form of the tést, 26 out of 30 experimen-
tal subjects got the selection task right. In the second
form (all subjects using' tﬁe nif cew thén' .
formulation), 10 out.of 11 experimental subjects succeeded.
In the control groups, the corresponding figures were 14 out
of 30 and 2 out of 1i.

Two points arise from Legrenzi's descriptiova. Firstly,
in the diagram showing the half-masked cards, the grder of
the cards, left to right, is the same as imn the rule-finding
case (all cards uncovered), shown in the same diagram. (The
'masks' are lightly-shaded, so that the reader can sée the
covered elements). It is not stated that the order was ran-
domised, or changed, when it came to the‘seicctioh task, and
if +this was ﬁot in fact the case, the impression is given
that Legrenzi vas trying to have his subjects succeed; such
.Successes are by this time impressivel Secondly, it is sur-
prising that such a high propbrtion of the gontrol-group

subjects were so successful in the first fora of the experi-
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ment. It is as though some subtle influence were at work in
this experiment which had not been present previously.
The influence is, in fact, staring us right in the

face. Ihis is pot the sape experiment as the previous
'selection tasks'! There are only two stimuli, circles anad

triangles, whereas in all the Previous work, each of two
kinds of stimulus has bheen at least binary, e.g. red
circleé/blue- circles; red triangles/blue triangles; or,
vovels/consonants with even/odd numbers. The present situa-
tion is more closely analogous to the 'simplified' experi-
"ment of Johnson-Laird and Wason (1976), described on pages
18 to 21 above. The suhjéctS'then vere also relatively suc-
cessful.

The above argument has been presented in this rather
theatrical fashion -~ essentially setting up the strav man
provided by Legrenzi's experiaent, only to knock it down in
the‘preceding paragraph - for tvo'teasons. First, it serves
to elphasize the subtlety of the experiment in question;
Legrenzi has,AptesunAbly ip all good faith, set u; the  ex-
pefilentai Situatiou, tested over 80 subjects, and written
and pnhlishéd the report (which one assumes must also have
been revieved by the Journal rgferees or editors), without
recoénizing that he had changéd the experimental situation.
And indeed, though "staring us in the face", it took the
present author'so-e time to spot the source of the anomaly. ~
Second, this vork of Legrenzi's has.been cited as showing

that 'discovery' does indeed_lead to a dgéper appreciation
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of the logical structure of thé selection task: see Johnson-
Lairad, Leérenzi and Ledgrenzi (t971{§ Wason and Johnson~Laird
(1972) ; wan Duyne (1974).

However, it must be emphasized that Legrenzi's conten-
tion has not been disproved. It is only to be regretted
that the present author did not notice the . oddity in
Legrenii'é/paper earlier, for it would have been a simple
matter to test his/clain vith a small group of subjects.

In the sécond "successful® experiment referred to
above, Johnson-Laird, Legtenzi and Legrenzi uséd as the rule
for the selection ‘task the two forns-l

If a letter is sealed, then it has a 50 lire stamp

on it.
A letter is sealed only if it has a Sdu staap on. .

it,

fwo parallel ‘les vere‘uséd with abstract symbols (the let-
ters A and D and the pumbers 3 and 5)« The letters and num-
‘bers were ﬁritteg on envelopesQ Pinally, the order of pre-
sentation wvas counterbalanced using.ﬁilliaIS'squargs. |

_ The degree of success in the realistic' condition wvas
strlking. of 24 subjects, 17 got both probléns correct, 5
'got one correct, ahd tud gdi neither correct. In the abs-
tract case, 7 of the 24 got one problea correct, and the
renaihinq 17 got nonme correct. ("Correct® here means, of
fc;urse,'selecting P and not-q only). | | |

Tﬁe authors 'suggest thét it could be the realistic

”frelatzon between the contingencies in the rule which leads

to the superior perfornance',,'

e« The ind1v1dua1 is used to comnsidering the con~
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nexion betuaeh such items as destinations and

nodes of transport, or postal rates and envelopes

(Johnson-Laird et al, 1972, p. 400).

They further suggest that "it is a task fgs_ the future to
cbndnct direct tests of this explanation of the results, and
to determine the precise nature of a realistic connexion
betueen‘events, It may be that a sense of rgality, is no
more than a feeling of familiarity® (ibid). |

The présent author‘is left with a feeling of vagueness
equal to that hanging over this passage. What sort of ex-
planation is this? And yet one feels that Johnson-Laird and
his colleagues are "close to the problem, in that we Ru.c
define what we !ggg by a "sense of'reality" before we shall
be able 'to come to grips with the problem, a problem which
goes far beyond the bounds rof the selection:’ task. For
ﬁfaliliarity" may enable one to cope with any one of a wide
variety of problems studied by cognitive bsychologists and§
- their sﬁbjects, - and ihe very word péy lead us (by
association?) to notions of stimulus-response associations,
ré5ponse probabilities, or cognitive nets. But are wve any
closer to an "explanationn? | |
Previous vork on the rule-fiding task.

The rule-finding task, of which the essence has alread;
been described above (pagé 5) ., has received'iﬁéh less atien-
tion than°the selectxon task, probadly because the a-ount of
varzatlon vhich can be introdaced is very lxlited. The dlf-“

ficulties~suhjects have with the problea were first des-
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cribed in Wason (1960). Briefly, the following are commonly
observed: Subjects produce a hypothesis, or guess, then
assume it to be true, (occasionally insisting that it 'gguLd

not b rong) ; subjects offer only verifying examples, which

E Y

could never disprove their rule; subjects change their lan-

- guage in an attempt to change their strateqgy, but in i ct

repeatedly offer the same hypotheses as to what the rule is.
For exanmple, gfter suggesting that the rule is "sStart with a
nuaber, then ‘add that number ‘twice", after giving more
examples of the same pattern, the rule is offered that "the
second number is random, then the first is half that number,
and the third is three times the first".

Some attempts were described to inhibit hasty décif_
sions, either by giving subjects money and then taking some
awvay each time an incorrect. rule uaé annpounced, or by en-
couraging subjects to announce other "possible rules", that
is, 'other than tﬁat‘ the experinenter had in mind (as the
subject thought) (Wasomn, 1968a). In a fuarther experiment,
subjects wvere given only one chance to announce thei; hypo-
thesis. If wrong, they were not told they were wrong, but
were aéked; "If ybu were wrong, how vould'you find out?2n
(ibid). Only four out of sii£eeu.subjects suggested chan-
ging their hypotheses or generating instances inconsistent
with them. Fipally, to counter the criticisa that‘the task .

might have an "intelligence test" quality, so that teéf—wisg

‘subjects might assume :hat onlj the "most fitting"™ rule vaé

‘correct, one of Wason's students used the class of "living



Lnings"™ as his rule, and a "Siamese cat® as
example (Wason anua Johnson-Laird, 1972, p- 212).

wvere to generate other examples, and were told
whéther their example was a meaber of the class or
is reported (ibid) that "Very similar effects were

- similar to those arising in the nusber-problen.

his first

Subjects
each time
not. It

obtained"
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CHAPTER II.

EXPERIMENTAL PROCEDURES.

In this chapter are described the attempted replications of

some forms of the selection task, and the few modificatiomns
introduced. Thq particular questions to which each form is
directed will be raiseq a§ it is described. The twvo foras
of the rule-finding task ('numbers' and 'animals') were
given in essentially Wason's fors, unchanged, and the proce-

dure for these is described at the end of the chapter.

Part 1 - The Selection Task.

Three variants of the selection task, prinafily, were
used. Some ~odificationms hsed later in the experimental
phase will be described at the very end of this section.
Four groups of subjects were used in the lainzexperinents,

and a fifth was added later, as will be described below.

Subjects.

The four groups of subjects tested were as follows:
(1) A group of "P.D.A.D." students ' from the Paculty of
Education at the University of Alberta. -These "Professional
Diploma after Degree" students were taking a one-year pro-
gram in education, having obtained already at least a first
degree in another Faculty. Several had higher degrees, and
several had apparently gainéd théir first degree(s) several
years previously, and iight thus ‘be classed as "mature" stu-
dents. (Subjects wvere not asked their ages). There were 44

P
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" P.D.A.D. students.

(ii) A group of B.Ed. students. These subjecfs were mostly
in the +third or “‘ourth year of the Bachelor of Education
program at the University of Alberta, and had nmuch less
variance in age than the fipst group, being mostly about
twenty-tvo to twenty»fife years old. One or two
B.Ed. étudents in fact already had another degree. Such
people were classed with the P.D.A.D. group. There.vere 26
B.Ed. students.

(iii) A group of 45 high school students fron_Grades 11 and
12. It should be mentioned that the school from which sub-
jects were taken was probably rather atypical in regard to
the intellectual ability of its stﬁdents. It was one of the
Edmonton Separate School Board's three bilingual schools,
and as such gaihered & high proportion of its students froa
the <children of professiohal families, children whose
fparénts vere keen th&t their children s>.... -ecome, or re-
main, fluent in a second language. Man' of <:ese students
were thus very capable. Thié did iu (act become clear
during the present study, apd vas also demonstrated by the
grades obtained by the students in their last semester.

(iv) The fourth group was a grodp of people with computer-
programaing skills. ’Sone of these were enployées of the
Division 'of Bducational Research Services at the University
of Alberta,'and some were acquaintances of the present

authof.

The reasons for selecting these subjects were aé fol-
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lows:

As stated above, previous workers testéd mainly psycho-
logy students, but made reference to subjects - from other
areas. From 1972 in particular, more students were taken
from colleges of education. However, since W#ason and
Johnson-Laird state that a vide variety of people'have dif-
ficulty uifh such tasks (Wason and Johnson-Laird, 1972, 170-
171) , vithout reporting any detailed work with other groups,
it was decided to include subjects other than psychology and
education students.

The B.Ed. students (group (ii) above) were included fof
co-parison with the>subjects vith similar backgrounds of
Wason and his co-workers. The P.D.A.D. studénfs, having
generally a =auch nore varied backgroﬁnd than the
B.Ed. studenté, ueré’included for conpﬁrison with the latter
- in particular, it might be thought that the science gra-
duates would show greater énalytical capacity, and perhaps, -
therefore, greater success at‘both”the selection task ard
the rule-findimg task, (contrary to the opinion cited
above). Purther, differences in approach to the problenm
might be revealed betw- 2n subjects educated in the differéni
disciplines, other than education.

The difficulties subjects are reported to have in at-
taining insight into the selection task, and even in recog-
nizing their errors when all the information is 'nade avai-,
lable to them, suggest a very stréng form of mental 'set!.

Consideration of the possibility that one may become less
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flexible or less prepared to admit one's errors after sever-
al years of university iqcarce:ation, led to the inclusion
of the high-school group. |

Finally, modern technology has given rise to the growth
of a class of "mental technicians® - computer programmers -
who might be thought to be more capable of approaching the
selection task in a logical fashion. Their crafti2 requires
the constant use of logical statements, and the ability to
follov a sequence of 'decisions' through a possibly coamplex
Program. if “"transfer"® does occur, such subjects should
fingd the éelection task trivial. For this reason, the
fourth groupvabove uds also includeqd?s, |

During the course of the experiment, one subject sud-
denly changed her tactics. When asked afterwvards wvhy she
had done this, she said she had remembered so-ething froy’a
course she was taking in "Logic in Teaching". As a result
of the discovery that such a coufse existed, the author de-
cided on a further variant, with the intention of testing

Subjects before and after this course vhen it was next of-

12 To counter the possible charge that the choice of words
dn this and the previous sentence is in some degree preten-
tious, it should be ‘mentioned that this choice was not
casual. It seeas to me that the activities of a programamer
are more comparable to those of a skilled -craftsman with
physical nmaterials than to any other working activity. fThe.
skill can be taught, it has limited boundaries, and frequent
practice is required to maintain one's skill; yet there is
art in its application. , ‘ :

13 Professor S. Hunka bhas suggested that one group that
might be even .more likely to succeed than Programmers would
be designers of the logical circuits used in computers -
people working at the "ultimate". "true-false". 1level. -
Circumstances prevented the testing of this hypothesis.
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fered, and also of comparing success in the seleétion task
with that in the course. It wvas thus hoped to 1nvest19ate
to a sllght extent the teachability of logical skills, and,
if these_ could be learned, to examine the effect of the .
course in logic on the particﬁlar skills required in  the
selection task. (In fact, the hope was ﬁot fulfilled be-

v,

cause of the lack of volunteers fron the class for the indi-
‘vidual‘teSting requited in fhe selection task. Neverthe-
Vless, one or two points of interest arose, and the proce-
dures followed with this group wvill be described below).
Subjects from this course constituted the fifth group re-

 ferred to above.

Ihe three forms of the selection tasks: materials ang
Each subject in the B.Ed., P.D.A.D. and high school
groups received 'three forms of the selection task. Subjects
in the computer piogralnet group receiyed the first and
‘third foras described below. The three individual foras
will be described first, and then the assignment of subjects
to the three foras, ang lastly, the method of atteipting. to
,e;icit'yprogressife insight from vhichever of the three a
subject received last. \ |
. (1) Ibe abstract form of the task.
The”'abstfacf' form used was identical in structure to
those used by earlier workers. The stimuli vere letters and

numbers, and were binary. 1In order: to avoid subjects cons-
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truing "the other side of the .card® as that side facing
downvards, the sti-uli Vere written on the same side of each
card, and one of them in each case was covered with opaque
black paper. The stimuli vere the letters 'L' and *X' apq
the numbers '6' and *7¢, and subjects'were told that each
card in fact had a number and a letter on it. Pairing the
hiddenlcharacter; in parentheses, with the displayed charac-
ter, the cards used had on thenm
L (6) X(6) 6(X) ?(L)

It will be seen that only the caée 7(L) falsified the rule.

Subjects were also given on a card typed 1n large let-
ters, the rule, |

Every card with an 'L' on one half
has a ‘6" on the other half.‘“

This card was kept exposed wifh the fo&r stinulné cards
during the tests.

.-If>a subject asked a question such as "Does that mean a
-*6' must have an 'L! vith'it?", he vas told, "The rule means
just vhat.it Says. That's\for you to deciden, |

Subject§ were thén asked to pick out those cards they
vould like uncovered in order to be sure the rule was either
true or false for the four cases in question. Addltlonally,

the printed form of this instruction was placed in front of

them, and left there. This read,

"Choose those cases, and only those cases, you

vould wish to reveal to be sure the rule is either

N
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true or false, for these four cases.
Do not ask to reveal too many or too few

cases". : ' ‘ (]

Though the rule refers to every card; and would there~-
fore be falsified if not every card 6beyed the rule, several
subjects questiohed vhether the rule could be true in- one
case, yet false in another. As one subject said, "If I find
a '6* with the 'L', can I then assume that it's true for all
the cards? Another put it this vay: "Can I traust you to be
entirely honest or entirely dishonest?" Such subjects were
told that the rule cogld be true in ome case, yet false in
another. (Some said aftervards that they nov realized they
need not have asked). Similarly, subjects wvho by their coa-
ments or 'thinking aloud! indicatéd.that théy assumed that
the ‘'truth' of one card implied the trﬁth of all were cau-
tioned that this ;ight not necesSarily be the case.

It might be argued that by giving such information,
some subjects received enlightenment beyond the others.
Howefet, it would pProbably have been very misleading ggg to
give this information, and it amounted to being sure the
suhjecfs understood the ‘rules of the game'. Boreover, it
wvas observed in almost all cases éases that subjects appar-
ently diad no£ héve any pérticular insight causing them to
ask the question; it seemed io be asked with little thought,
and often was lllediately ansvered by the subject hilself.

Finally, before the subject's choices were recorded, he was
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asked "whether he would be sure, after looking at his chosen
cards, whether the rule was true or false for these four
cases". Thus, all subjects had this opportunity to re-

assess their understanding of the task.

(ii) The 'jourmey' fora of the task.

As stated above, tvo forms of the selection task are
reported to have been found easier tham the abstract task.
In one form, the subject is invited to consider making a
journey , and considers the test sentence, "Every_ti-é I go
to Manchester, I travel by train®". A little over half of
the subjects were reported to have had complete insight. 1In
the other fora of the task, described as the ‘'realistic
situation', subjects vere told to imagine themselves to be
mail sorters, and considered the rule, "If a letter is
sealed, then it has a 50 lire stamp on it". The stimulus
materials were envelopes, tvo shoving staaps of denoaina-
tidns 40 and 50 lire respectively, and two not, of which one
vas seen to be sealed and the other to be unsealed. A fifth
- envelope, address—éide up, had no stamp. Subjects could not
tell wvhether the envelopes whose address-sides they could
see vere sealed or unséaléd. In this experiment, 22 out of
24 squects were successful.

Now, it 1is <clear that the 'travel' foram of the task
also involves éo-e degree.of realism. Though not physically
handling objécts which might belong to a familiar situation,

as in the mail-sorting task, the subjects would doubtless
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have travelled to many cities by various means of transport.
The experimental situation, though not ‘real' was

'realistic'. Yet Wason and Shapiro (ep cit) .attribute the

’:a T

success of wi
ture, f%ghgcﬂxl "Hfg'degree,of reality. However, it is
possible"? {n'onééelf" in a story in the realm of
fantasy{ ahé‘iﬁ"ﬁéfpteséé%'ﬁork'an attempt was made to se-
pdrate the 'the;;£ic' effect and that of reality by using,
vith one group of subjects, a tr-vel theme in the unreal
situation of‘iqterplanetary travel.

.A second variant wvas also introduced with this problenm -
in an atteapt to see whether offering a third alternative
(in ”coﬁtrast to the binary stimuli of the abstract version)
vould facilitate the acquisition of insight, and in particu-
lar, would prevent the iental conversion by subjects of np
isplies g" to "g inpiies R". The effect vas tested in both
earthbound and space-travel situations.

The different forms vere as follows:

Subjects were presented with one of the fbllowing rales:
"Every time I go to Lethbridge, I travel by car".
"Everj time I go to Mars, I travel .by spaceship".

The sentence vas typed in large type on a card, which was

kept before the subject throughout this part of the experi-

ment. (No subject recei}ed. at any time, both sentences).
Subjects also had put in front of them, on the exposed

halves of four cards, the following:

Lethbridge Calgary by car by air,
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(for the first rule),

and

Mars Venus spaceship beam mass-transporter,

(for the second rule).

§
They were told,
I want you to imagime that you travel frequently
to Lethbridge/(Mars) and Calgary/(Venus), and that
two means of transport are available. On each of
these cards, a destination is given on one half
[pointing] with the means of transport to that
destination on the other half [pointing again].
That is, every card has the  name of a
city/(planet) on one half, with the means vou use
"to get there on. the other half. We are pnly con-
cerned with these two destinations and these two
means of transport.

The same test-cards and rules were used in the fori in which
a third destination and means of transport were included,‘
but in this case, subjects vere told that three destinations
(Lethbridge/Bars, Red Deer/Mercury, Calgary/vVenus) wvere in-
VOlved; and three means of tramsport (by car/spaceship, by
rail/rocket-ship, by 'air/beai mass—-transporter). That is,
thé '‘theme' involved three destinations, and means of trans-
port, but the stimulus and test lateri§1s only showed the
same tvq of them as with the othgr sﬁhjects. Sabjects were
thus free to imagine the third elélents on the hiddeq halves
of the cards. |

? In both the above cases, the possible destinations and
mReans of tramsport vere also stated on a separate sheet,
uhichlgas kept availablé‘during thié part of the test.
Subjects were theh asked éo choose which of the four cards

they would like to uncover to be sure that the rule wvas

)
. )
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either true or false for the four cases presented. They

vere also given the typed instruction, [A] (above, p. 51).

(iii) The *realistic' form of the task.
, A5 was mentioned in the révieﬁ above of the ’Legrenzi
ubrk vith envelopes and étalps as stimuli, it seeas likely
that it is impossible to present this néterial ¥ithoyt dir-
eétionality ' being involved in the instructions. An attempt
vas therefore made to use other practical 'realistic' stimu-
li. PFoodstuffs, and utensils which could be used with these
vere chosen, specifically, some nutsy an - orange, a paring
knife, and a nutcracker; Two rovs of font bags eacﬁ vere
prebared on two shelves, one row above the other. Two bags
in each row were closed, two left open. The nuts wvere
placed in one open bag on the top rov, the orange in the
other; the knife was pat ;nto one open bag on the bot tonm
rovw, the nutcrackers in the other. All the vbags vere
"filled out" with a roll of paper, to keep open the mouths
. of the umsealed bags, and to prevent subjects guessing ﬁﬁat
vas in the closed‘bags from the contours. The functioh of
these roils of paper was explained to all’snbjedfs.
.SnbjectSJjggg.told that all the bags on the top row

conﬁained foodstuffs, _those on the bottom rov, utemsils.
:Eby were then presented the rule,

' ‘"Bvety bag with nuts in it has a bag

| with a nutcracker belduvit",

_ both verbally, and typed on a card. .They vere then assured
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that *®helow” diq mean directly, or vertically below. They-
wvere'then asked which of the four closed bags [pointing)
they would 1like to look intb, in order to be sure the rule
vas either true or false, for these four cases. They were

also given the typed form of the instructlon (A, above].

~In each of the above.three cases (;bstract, theuatic,
and ‘realistic'), after the subject had stated his choice,
he was aéked, " ~ And do you think after You have looked at
(his choice] you will knov for sure whether the rule is true
or false for these four cases?™ At this point, some ‘sub—
Jects réalized they ‘had not grasped the rule fully, and made
a second VAttenpt. It was their fin#l effort which was re-
corded (i.e. vhen they believed they had understood the
instrudi&&ns). |
The examination of ghoices and the elicitation of imsight.

After the subject had made his final choice, and with-
out moving the last Set of stlnuli used, or Sﬁ;eallng the
hidden elements, the subject vas asked in tarn, "from the
left", the reasﬁns for each of his ichoices. His response:
:were recorded on tape. | . '

Theé subsequent course of the interviev uas determined
by tle subjectts responses, but it was found lefflcnlt ta
follow the same fixed lethodology with a‘& subjects.
Subjects vacillated, changed their minds conpletely, and -

argued (occasionally) with the experimenter - despite his
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»

constant atteapt to maintain a passive, gently-ehquiring
deleanout.>

The general intention in the ensuing dialogue was to
confront subjects with progressively increasing conflict, as

their choices permitted. In the follovwing, p and q will be

v
used to refer to the first- and second-mentioned referent in

each of the test-sentences. If their selection inclu~ ?
not-p, subjects vere f.rst asked what would be tue néghing
of a ¢ associated with not-p. fact, of those who sel-
ected not-p, most did so because the had choSeu "all four®
stimuli. At this pointy, man had he understagding‘that P
implies g also requires that g iuplies p. If’the} lost this

nde:Standing', nany‘;hep jumped tOIChoosing only oneﬁ or}"
7 stinuii; thus, the dialogue being described here does
not follow a unigue, experilentar—coﬂfrolled sequence, in
which irrelevant items are eliminated one by one, and tﬁe
relevant ife-s which the subject had onitte§ - usualiy Jjust
~the not-g case - finallf being included, vith the simul-
'taneous acguisition of insight. on thé contt;ry, far fronm
being tidily blipear, the seéuencé'vas qﬁten circular). If
 the‘qujec£ did not at this point rejeézlfhe need to examine
4the hot-p case, he was asied about &fhe case. of the gq,
(though occasionally the not-q, deéending on his responses).
Finally, the subject was alvays asked wvhat would have been

the meaning of a p associated with the not-gq. All of this

dialogue was recorded on tape.



- O T TN, T

58

The assignment of Subjects to the tests.
Subjects in the B.Ed. and P.p.A.D. gron~ each-received
the three problems in their basic forms, that is, the travel
form invqlve& the two cities andﬁneans of transport, and
subjects xere told these vere the onply elements involved.
If ve 1§pel the abstract, Eﬁg;tilc and 'realistic' foras A,
B, and C respectively, three orders of presentation vwvere
‘ used,f?A—B—C, B-C-A, C-A-B, so that each form occurred once
iyﬁthe first, the second and the third position. Subjects
within each of the above groups uere'assigned at random to
each of the three orders of pfesentation. Yo
:The High School students receiﬁéd four variants of the
‘thematic! test formed froam the twvo travel situations (rea-
listic or fantasu.c), each with either two or three destina-
tions being mentioned. The Supjgcts vere randosly assigned
tc one of these four forms. In addition, the assignlent to
‘the three different orders of presentation was randoa, as in
the cases above..that is, to tﬁé orders A-B-C or B-C-A or C-
A-B. Only.tvq forms of the test vere présehted tg,the pro-
grammers, the ¥pealistic!’ form, and the abstract fors.
R
The subjects from the *Logic in Teaching' course, and their
testing. ., S

The conrsc vhlch the subjects in this group vere taking

s
I
vas a Sprlng SesSLOn course - a very intensive course las-

,5:

'tlng only three veeks. = It was hoped to.present the selec-

tion task to a number of these students in the first two or

e s
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three days of the ‘ours«~, and to others in the last tHO” or
. .

three days. How: )resumably because of the cojpfﬁssed

nature of the coutse, only five students volunteere gifBr the

individual testing (and only one of these a after the course).

Furthermore, because they had been promised that these indi-
vidual tests would .be kept short, in view of the acknow-
ledged tinme pfessure on ‘hem, only-two forms of the selec-
Lfipn task were given, and the rule-finding task was oaitted.
The data froa these subjects could mot be analyzed in:isola-
tion, and f& vas considered unwise to include them in the
P.D.A.D. or B.Ed. groups, who received three testsf‘-The;r

data on the selection task was therefore rejected, though it

should be stated that their .performance was in no way-atypi-

P

Hovever, students from this class were g;ven-tvo tests
* 3

of reaspning, before. and after the_gQurse, vith an accep-

mal.

table sample size. The‘fests vere the syllogisms test froa
the Kit for Cognitive Pactors of French, Ekstrom and Price
(1962), gnd an adaptation of Vs;entine;s "Reasoning Tests"
(1962) . ~ Pifty-five subjects took the syllogisns_ test,

before the course, and of these, thirty-five took both the

pre-test and'the post—test of the reasoning test. The tests

vere split into two halves, and are presented in Appendix
Iv. Ih the pre-test, subjects were assigned at ranaon to
_one ‘of the halves of each test. In the post—test, subjects

wrote those tests ‘they had not reCeived ip the pre- test.
. . Q "‘

.‘\
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Part 2 - The Bule-finding Zask.

Two forms of the rule-finding task were referreﬁ to in
the literature reviev in Chapter ~I, that using nunbers, wlth
h2-4-6n as the startlng point, and that using members of the
animal kingdon, with "A Siamese cat" as the starting-poipt.
The same two forms were used in the present work.

ubjects. ‘

Subjects tested were those of the B.Bd. and.P.D.R.D.
programs, and thbse High School students who had time to go -
on to this task within the class-period available for tes-
ting. ) ' _ &

Assidnwent of subjects to the forms of the tWik.

Suhjects vere .assigned initially at random to the two
tasks. However, many subjects found the 'animal' form much
easier, and finishedhit quickly. In so doing, they appar-
ently made less lnforlatlon available about their cognitive
processes as they proposed successive hypotheses. Some of»
these subjects - depending on the available time - were then
asked to take the numeric fora gf the test. The converse,
hovever, did no£ apply. Very fey subjects succeeded in the

numeric task gquickly, and therefofe fev had time available

for the 'animal' task.

L] . -




Hethod.

(1) The numeric fora.

Subjects were told,

I am going to give you an example of three
numbers wvhich confors to a certain rule. I would
like you to give leﬁkbne ‘at a time, other sets of
three numbers, and I shall tell you immediately
vhether your set agrees with amy rule. Your task
is to find my rule. However, please do not tell

me what you think the rule is until you are quite -

sure you know it.
The first example dis "2-4-6", [{This was
vritten on the response-sheet, exactly as here,

with the dashes].
Bach time you vwrite down an exasple, would

you please also write your reason for suggesting
that particular example.

Subjects vere givemn a sheet of paper with a colunm

their reasons fof suggesting each example. Thby

is not needed to solve the probleam".

If subjects gave two wrong rules, they were ;eni

once more that they "should only suggest a rule vwvhen

they vere quite sure they knew it". At the samd* ti

'agdard vas placed in front of them, on vhich vas typed:

po—e

‘};'71 The rule is sllple.

? Tﬁbte ‘are no tricks of wording.

It vas explained that “no tricks of wording" meant that

v 8 V

be phrased, that would be acceptable.

n on

the left for their suggested triads, and one oh the right

wvere

assured that "The rule is siample, and. mathematical ability

nded
they‘

1|e,

if

they had clearly grasped‘the essence of the rule, however it -

The rule used was ‘Any set of three numbers that are in

ascending order'. As . subjects offered the sﬁccessiye_

exanples, they vere toId,\'!es, that agrees vith ay rule",
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or "No, that does not agree with ay rule". It uaé also sug-
gested to them that they put a check-mark or a cross against

‘right' or ‘wrong' examples, so that they had a record in

front of thea.



CHAPTER IIIX
Results.

-

Reéults.are reported for all groups ‘together, since
there was broad agreelentiacross them all, though the counts
of levels of insight are tabulated separately, and of course
particular differences wvill be nmentioned explicitly.
Betveeh—group comparisons will be made afterwards. The re-
sults of the fule-finding task will be reported separately,

no grdup comparisons héihg made. . At the time this study was

first proposed, it was hoped to cfeaie 2 numerical scale for

the rule-finding task in order to compare group performances

+ = especially between the science and mathematics majors and

studénts from the non-mathematical areas, and in order to
compare performance in the two types of task. As will be
explained, to do so would have distorted the results to an
nnacceptable degree.

It is emphasized that numerical results are not consi-
dered critical to this thesis. The values'aitaChed to the
'degrees of insight' are ‘necessarily crude, and insight
itself ‘turned oat to be an ephemeral gnality for many sub-
Jects. fﬁus the descriptions of subjects' behaviour may be
more important than the analyses.
| In all of the following, Problel A is the abstract pro-
‘hlel; Problem B is the‘ tr#iel ‘problel; "roblem C is the
"concrete{ fori, using nuts, nutcrdckers, a knife and an

orange.

63
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In each case, ‘'p' 1is 'L', ‘'Lethbridge/Venus?', .or

‘anuts';

"y
- *q* is the '6', ‘'car/spaceship', or

fnutcrackers'; _
‘not-q' is the *7', 'by air/ion-rocket!?,
or 'knife'. |
| "not-p" is txe, fCalgary/Mars* or -
torange'.
Problem orders wvere:

Order 1 - ABC; order 2 - BCA; order 3 - CAB.

In Tables 1 —.a are presented the number of choices in ¢ -h
of six categories for the three prdblel—types. It amust be
emphasized, though, that there wvas no evidéﬁce of simple
pattern across the choices; for example, many of the 14 in
the P.D.A.D. group who chose 'p and ¢' for problem B did not
choose 'p'agnd q' for prbblel A. Since there are 216 pos- .
Sible paths (63) through the three probléns, and many dif-
'férent ones yere in fact takemn, it was not found'possible to
provide a brief description of sequences of choices.
Except for the frequency 6f selection of the 'p-only' .
case, the results for the abstract problem are sililaf to
those tabulated by Wason and qOhnson-La;rd (1970), asseabled
from four of their earlier experiments to give their total
sample size of 128. 'rhus, in thé present case, in the
P.D.A.D. grbup, 22 out of 44 - 50% -.chose "p and q‘; the

Vason and Johnson-Laird figure is 46%; 13% of the students
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represented in Table 1 chose 'p, ¢, and not-q', the com-
parable figure from Wason and Johnson-Laird being 8%.

However, - there is a marked discrepancy in the frequency of
choice of the *p-only* case, 8 out of 44, or 18%, in the

present experiment, 33X in the Wason and Johnson-Laird

table. It is thought very 1likely that the small number

choosing the case 'p only' in this research arises froam the
great efforts made to ensure that subjects uaderstood the
instructions, and especially that they could if ° vy wished
choose more than one of the four cases, since the misappre-
hension that they coﬁld only select one case seemed to be
fairly common. A similar result was found in all groups,

and in all three foras of‘the selection task, and the point

vill not be mentioned again. Within each of the groups,,

tests for an order effect and for differences in perforaance

on the three tests uete carried out by the unusual means of

a chi-squared test. Usually, this test is invalid if used

Hith individuals being counted in more than one cell.
Hovever, such cor:elations between the cells bias the test
agajinst the null hypothesis. Tﬁns, if ve do not reject the
null hypothesis under these conditions, we are erring, if at
all, on the conservative side. If we wvere to reject the
nul} hypothesis as a result of such a test, then 1nterpreta-
tion vould be difficult but the question did not arise.

It should be-noted that an analysis of variance would
introduce a similar difficulty of uncertain intecpretation,

for in addition to having a limited ramge of scores (say, 1,

4
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2, and 3 for no insight, partial insight and total inéight

respectively), the scores are violently skewed - in all
groups - because of the predominance of the 'no insight?
case.

The data of Tables 1 - 8 are presented in Tables 5 - 8

-

condensed into tables of level—of-insight by problem (A or B
or C) and by order of presentation. Belowv each appear the
chi-squared tests for the null hypotheses, |

H :The level of insight achieved is independent of problea
type, and

H :Tﬁe level of insight achieved is independent of the order
in which each problem is received.

In several cases, too many cells dropped below the
commonly-accepted limit of five for the 'nuaber of observa-
tions expected! (Siﬁgel, 1956, p. 110), and in these cases
partial insight and tota’ insight freqnencies were combined.

We note that there .oves seem to be‘ a2 slight learning
effect in the P.D.A.D. group,hin that 18 of the 44 subjects
{(41%) have achieved partial or total insight by the third
trial. Quite apart from the fact that this distribution has
a better thanm 10* chance of randoa occurrence, the progress
is hardly startling. The same group also has a slightly
higher éuégz,s\on the travel problem (B) than on the abs-
tract and/cohcrete versions, but it $k 53§prising that none
of the groups in fact approachéd the levq%) of success re-
ported by Wasoa ﬁnd Shapiro (1971). - A contributory factor

) o _ o
to this discrepancy may have been an oversight made by the
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present author: it was noted too late that Wason anu Shapiro
had labelled each of the four test-cards with the name of a
different day of the week. This was .ot done in the present
experiment, although the fact that the j&urneys could be
made at different times vis eaphasized. (In the
Lethbridge/Calgary case, it was suggested that "You might g¢

to Lethbridge on Mondays and WNednesdays and to Calgary on

Tuesdafé and Thursdays"). In a~, ~vent, the lahelling of

the cardleay somehow have made the .omdon group imuli
more independent of each other, so that alternatives could
~be more clearly perceived.

The failure of problem C to raise the level of insight
is noi SO surprising; although using concrete and related
materials, the sitnatiqn vas neveftheless .artificial. In
the kitchen, if the'nutcrackefs are not in theirlappointed
place (in the drawer below the nuts) one naturally looks in
the next drawver élong.b As suggested above, it is thought
that the Johnéon-Laird et al (1972) arrangélent using enve—v
lopes and sténps is not comparable with, say,‘the abstract
form of the selection task. Some directionalitf in the ins-
tructions and the associated familiarity with postal regula-
tions cannot be avoidéd, leading subjects to the ‘'not-q'
selection as well as the 'p'.

Finally, ;the‘ nnlber af . «subjects gainiag imsight on
questioning is tahulated against *initial selection' in
Tables 9 = 12. We note in particular that it is not pos-

sible to test the¢c1ail of Johnson-~Laird and Wason (1972) in

.p':".
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support of their 'reviséd' nodel, that "many more of the Ss
iho initially selected‘only P gain complete insight than da
Ss who initially selected p and q" (ibid, p. 148). The
reason is simply that very few subjects in the present ex-
periment selected p-only. ‘

Within the High School group, the effects Lo exploreé
of including the possibility of a *,».rd destinz.ion and
means of transport, and of using re..istic angd fantastic
situations. The results from these cests. were analysed by
leahs of a two-wvay analysis of variance. The A-factor uas.
‘number of destinations' - either two.br three; fhe B-factor
wvas ;situation' ~- earth-travel or Space-travel.. For each
subject, no insight was scored as 1, partial iansight as 2,
total imsight as 3. The cell wmeans and the analysis of
variance table are presented in Table 13, which indicates
that we do not reject (at alpha=.05 1level) either of the
null hjpotheses | |
(a) H : the level of lnsaght is not affected by the number
aof destlnations mentioned in the problel, and
(b) H : the level of insight is not affected by the reality
of. the sxtuatlon - 'realistic' or 'fantastlc'

(It was hoped to include students! grades as a co-
variate in the above analyses, but the grades passed to the
vrlter vere all so aniforaly ﬁlgh, vith so little variance,

that the notion vas abandoned). e
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Group comparisons.
Within the P.D.A.D. group, a comparison was made bet-

veen the science and non-science gr. uates. The line of
delarcéti\ wvas necessarily crude, but broadly, thosg» whose
'iajor' :Ssﬁgct .Mas 1in mathematics, physics, ??enistry or
geology vere ;nciuded in the 'scique' group. . Any subject
vho had a biological sciénqe major and a science minor was
also included in this group. In the chi-squared test,

(Table 15), partial and total insight had to be collapsed,

since otherwvise four of the six cells would have had less

than five as the 'expected number of observatioms'. It is
seen that in both abstract‘and concrete conditions the null
hypothesis that the two groups do not differ in levei of
insight can be rejected at the .05 level of confidence.

Finaily, all four major groups were compared. on level
of insight, and again it vas necessary to éollapse partial-
and totalfinsight cells. The abstract probleam appears in‘
Table 16, the concrete problea in Table 17. In each case,
the null hypothesis that the 1eve1 of insight does not vary
systelatically‘with gtoup_lelberShip cannot be rejected. |

v _ R .

The nost ‘striking qualitative observation in this ex-
periment was the difficulty-snbjecté “had din understanding
the instructions. Firstiy, subjects frequently and very
promptly selected just one. card, in some cases because, " as
they . saiad, they thought\ they ggg;g onlifchoose one, in
otheréthecause they thonght‘they could 1look at that” one,
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then go on to others if they wishead. This, despite the :fact
that all subjectslﬁad before them all the time the written
instruction, "Choose those cases and only those cases you
‘vould vish to reveal to be éure the rule is either true or
false for t‘ése four‘cases. Do not ask to reveal too many
or too »fev cases". Prior to this, subjects had also.been
told vergflly to pick out those cards - ®apngd it might be
oné, or two, or three, or all four" - they would want to
look at, to be sure the rule vas true or false for these
four cases, but that they wvere not to uncover them yet.

Often, these-i&structions vere not sufficient. It was as if
subjécts had developed a "temporary deafness™ while 1lis-

tening to thea. Another bParaphrase was then tried:

After you have picked the card or -ardsg you wvant
to look at, you should be able to t | me, without

lookipg at them, that you will know .or sure for

all four cases vhether the rule is true or false

after yoa have looked at then. -But don't pick too

Rany or too few. : '
This long-winded explanation'usually t@tisfied the subjectu

One difficulty arises, of course, from the anﬁkguity of
the English pronoun, "which" - "Which of these cards would
you want ..."™ could mean one or more. ’The‘grreﬁéh is not
ambiguous, since the words are distinguished: "Laquelle de
Ces cartes..." and "Lesquelleé eee™. An attelpt to disam-
biguate the sense by saying "Which ome, or ;hich ones of
these cards ..." usually produced confusion. |

In general, it was observed that those subjects vho did

-— "

1e This vay of éxpressing the problem also seeams to me to .

bring out the essential unnaturalpess of the situation.

'
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particularly 'badly' in this task - which means chiefly . in o
the 'questioning' section, of couree, since the general pefet |
formance was poor to this point, very frequently-shoeed
thenselves.to be irrational in subeegnent discuSsion, and
not neceésarily concerning the experiyental task. Subjects
whose respenseSvseened 'emoti-nal' or 'intuitive! continged'
in this vein. Subﬁgcts vho had apparently been unable to
lever out the appropriate concept throua* a lack of yocabu—
lary seened to be struggling with the o ficit in casual

2

conversetion. (Note £hat nany sub 1ad received, or

¢

vere close to rece1v1ng a degree fron thlS unlv rs1ty). The
rule flnd).ng task nay be mentloned in thlS cg

_ﬂext, too. . ;t
Here,. the innumeracy of subjects, as,revea;ed g}viheir in-"
ability to find exp§g§§§ons §SFQﬁ asexneven";» nincrementna
"increasing", (- "Iousgkﬂow, gettlnq bigger") , "lnteger"
"limit" (in the sens&’ of a bound vas fr- 1kly astonlshlng to
" the present writer. These g;;iigglgigg ¥ere pot  uncommon,
and many. sufferefe again hadq a university degree, or wvere °
close to receiving one. | | | o
Turning hqv to the rule-finding task, again Wason's
results (1960, 1968) wvere broadly confirmed. Qost subjects
enjoy the !gaﬁe','onlytone Ehought the very general rule o
"unfaiff", and yet a large proportlon vere not eff1c1ent in
their trategxes. As stated above, no attempt at guantzta-
tive co-parlson v1ll be nade. How can one conpaxe, for
example, ‘the protocols of ‘a mathematically ‘aaivet': suhject

vho gives four or five positive, integer exaaples, and thenv
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;announces tde cor-ect rule, with a subject who carefully
o,

covers 4§v%pe rangé® of possibilities, changing his hypo-

'

theses eac%vtlle, but makes one aistake, or overlooks a

counter-example?

l»\:;Q.‘E}:e again, the only certainty that did arise was that

¥

success was nnpredictable, Some nmathematics and sqience

students prdducéd‘ *poor! prot&bols, some students of the

o *

hulanit§es !near-perfect' protocols.v Houemgr,. the comment

'of one student, wlth a B Sc..ln Chenlst:y 1§ ‘pertinent here,

and was echoed by tuo (¢34 tﬂfee other subjects- ‘she clalned
that in three years of chenistry, she "had dot been alloved

to thlnk, only to memorize, and regurgltate"sv&

7] -

Whether 1t 1s due to natntp, or to a lack of Unlversity
N R,z‘ih '

nurture, some evidence ofvlngpgllty to reason wvas provided

.

by the resul%s of the lqgica1, and 'sylloglstlc reasoning

tests presented in Appendix IV. Slnce the nature of this

material is tangential to this thesis, the ;esults.uiil not

be analysed here, save to. say that -fhey confirmed the

v

general impression above - many students vere. yery uéakf

some obtaining a negativé:Scoge on.the reasoniny tests, 6ut

of a possible total of 50. No patterns vere d&ﬁdernihle -
for exélple, guestions vith negative elelents vere not ap—

parently more difficult than positlvely-fgglmd guestions.

No learning .effect~ vas appareat across the three weeks of

;thé“courge,'butdtb is not~ surpriSin9; since the course

material cqgered a uxde rhnge, and it was not a course in

- "logical thinking"..
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CHOICE lst PRQBLEM  2nd PROBLEM  3rd PROBLEM
p. only 3 3 1
d 16 £ 12
p and q | , .nw‘&%
P»q, and not-q “3 5 5
p and not-q | 3 3 2
all four | ' 2 3 4
other 1 1 0

»

SELECTION TASK: NUMBER OF SFLECTIONS IN EACH CATEGORY.
B.Ed. STUDENTS.

TABLE 2.
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CHOICE 1st PROBLEM 2nd PROBLEM 3rd PROBLEM
p only 2 2 0

p and ¢ ' 20 ' 19 19
P,q, and not-q o v 5 7

p and not;q .4 6 ' 6 8

all four . 4 . 6 § 3
gther.” 9 w)»; 7 8

\

75

SELECTION TASK: NUMBER OF SELECTIONS IN EACH CATEGORY.

HIGH SCHOOL STUDENTS.
_ Nt
TABLE 3.
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(SN )
CHOICE 1lst PR&EH . 2nd PROBLEM
menly % 2 T2
pvand q 6 '. 4 \
P»q, and not-q ° 3 2
. p and not—c} e ». ‘ 2 4 o
‘ , all four = % ' 1 "1
. . o
' '~ other : 0 W A0k 1
' > f’ L
SELECTION TASK: NUMBER OF -ZLECTIONS IN EACH CATEGORY.
* COMPUTER PERSONNEL.
TABLE 4. ‘ o
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e
e "f
. ~ PROBLEM "PROBLEM NUMBEB IN OXDER GIVEN
LEVEL OF. A B C R S A : '
INSIGHT T N ™ ‘
Nqng ’35 27 v 34 36 . 34u 26 ‘
§3/ o . _ )
Partial 4 . 8 8 6
Total = * ' 5 9. 2 ‘ 2
1 . .

" For probl@h—effectt chi—§§uared-7.41; df=4; probability=0.12
s ’ C : : ’
For order-effect: ’chi#squaréd-6.57; df=4; probability=0.16

NUMBER OF CASES'AT EACH LEVEL OF INSIGHT, FOR EACH PROBLEM:
. s : . o ,:_‘

P.D.A.D. smm:g'rs . : f

TABLE 5.
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PROBLEM _ PROBLEM NUMBER IN ORDER GIVEN

LEVEL OF A B C , 1 2 3

INSIGHT : L“

None 19 20 18 19

Partial 5 5 5
X

Total 2

. , *

For problem-effect: chi-squared=7.41; df=2; probability=0.46
: ' . : *
For ordefeeffect: chi-squared=0.39; df=2; probability=0.82

. .
Partial and total insight-values were summed. *

NUMBER OF CASES AT EACH LEVEL OF INSIGHT, FOR EACH PROBLEM:
 B.Ed. STUDENTS.

> TABLE 6. - *
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PROBLEM PROBLEM NUMBER IN ORDER GIVEN

LEVEL OF A B C 1 p) 3

INSIGHT . e

None =~ 31 3 35 35 34 30

Pgrtfhl 7 6 3
o Total 7 6 7 6 6 . 8

~ .
For problem-effect: chi~squared-l.975 df=4; probability=0,74
For order-effect: chi-gsquared=1.70; df=4; probability=0.79

4

NUMBER OF CASES AT EACH LEVEL OF INSIGHT, FOR EACH PROBLEM:
' HIGH SCHOOL STUDENTS.

TABLE 7.

79
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PROBLEM ' PROBLEM NUMBER IN ORDER GIVEN
LEVEL OF A C 1~ 2
INSIGHT P
None 10 83& 9 9
’ Partial 1 3% 2 2

L ra » PP g
Toml 3 | @@‘% ) Ll 3 ‘ 3

A \
‘ ‘ : ")
For problem-effect: chi-squared=0.15 df=1; probability=0.72
g » *
for order-effect: chi-squared=0.0 df=1; probability=1.0
* ) . ‘
Partial and total values were summed. Yates' correction was

applied to the first case.

.\,' ’ ’ - A_.‘s" '
NUMBER OF CASES AT EACH LEVEL OF INQGHT, ¥OX EACH PROBLEM:
. COMPUTER PERSONNEL. '

1

=

(5

¢ "~ TABLE 8,
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CHOICE NUMBER WITH EACH CHOICE NUMBER GAINING INSICHT
p and q 15 3
P,q, and not-q . 10 5
p only ’ ‘ 0
.
other’ , 5 . 2
o ‘;- ’
NUMBER OF sugJEw;cAmmc INSTGHBAYTER EACH @
OF FOUR CLASSES OF CHOICE, IN LAST SRGEYAS:oNL¥:'*
; : . v TR g »L : )
“P.D.A.D. GROUP. e 3
TABLE 9.
‘p. e
o &
' / v"/l
a3 . :
CHOICE  numdbk wITH EACH CHOICE: NUMBER GAINING INSIGHT
* ne )
, R :
p anll q ‘ : 12 _ : 53
P,q, and not-q ' ' C 2 -
p only o 1 .
other : o .. 1
NUMBER OF SUBJECTS GAINING INSIGHT AFTER EACH
_ , S
OF: FOUR CLASSES OF CHOICE, IN LAST PROBLEff ONLY: S -a
a -8.Ed. GROUP. S
TABLE 10.
: ga.v ! N

< N .. g Y . . } .
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»

CHOICE NUMBER WITH EACH CHOICE NUMBER GAINING INSIGHT
p and q 19 6
P»q, and not-q’ 8 s 3
p only 0
other 11 1
\ 4 .

NUMBER OF SUBJECTS GAINING INSIGHT AFTER EACH
OF FOUR CLASSES OF CHOICE, IN LA§T PROBLEM ONLY :

:f - HIGH SCHOOL GROUP
a
TABLE 11. ' \ \
o
-
¢ .
CHOICE _ NUMBER WiTH EACH CHOICE  NUMBER GAINING INSIGHT
p and q 5 ‘ ' 2 |
P,4, and not-q . o 2. 2 *
P only - ' f © 2 ' 1
other * 2 2 0
<, :
., NUMBER OF SUBJECTS GAINING INSIGHT AFTER EACH ~ _
Y | .
OF FOUR CLASSES OF caor ,-Iw LAST PROBLEM ONLY::

T ..~ COMPUTER PERSONNEL. Y
v o . :

TABLE 12. - a
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{ .
Cell means 'fﬂ)nigh gchool travel problem.
. . : . .
w*.'?-:wwd a Q%‘ - Earth Space’
DIE ™ © travel [travel ‘
f . e w6 a7 .
%y, L .dgst:inatiopa N=14 N'I,I Y
. Three. u 1,56 1.45 e
L. ‘ dgstinatio§s CN= 9 - N=11
Ve N e _«" . Analysidybf variance table
SOURCE:.  SS. ~* DF MS. F RATIO PROBABILITY
SA  .025 1 .025 .038 - .86
«SB L6101 ° 610 .95 .34 v
' OSAB 200 1 .200 0 .31 .58 o
SE .260 41 +.643 oo

CEITL MEANS AND ANALYSIS OF VARIANCE TABLE FOR HIGH SCHOOL TRAVEL .
PROBLEM "REALISTIC' and' FANTASTIC' SITUATIONS AND .TWO OR THREE
' DESTINATIONS MENTIONED IN ’I'HE TASK.

»
i
TABLE 13, |
. \ ' N .
v \ o Ta
R A X
N \ B
LY -
|
-
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p
LEVEL OF SCRENCE GROUP NON-SCIENCE GROUP
INSIGHT ‘
~ None 8 27
’ Partial Lo 3. 1
Total . »h 3 : 25
Ay o = ,\"" » .

v ' ¥y
3 ¥

(] L . *
C-squared-ﬁ .33; df=1; probability=0.01

* . .
Partial and total values were summed; Yates' correction was applied.

' [ ) R . s C '
NUMBER OF CASES AT EACH LEVEL OF INSIGHT:' THE ABSTRACT PROBLEM. .
COMPARISON OF SCIENCE AND NON- SCIENCE GROUPS ' R
~ . B ‘ 9
: TABLE 14 !
//
. — _ _ // !
o LEVEL OF ‘ SCIENCE -GROUP NON-SCIENCE GROUP. AR ¥
' INSIGHT - N e A ;
. - . . | - » L e » . . .,, . . /ﬁ '
o None . o L 8 ) . ’ T // ~26 i S i
B _‘ ! s ’ R . i ! - /' . ‘
"~ - Partial - A 4 ) ‘
- Total q;', : 2 T 0 ‘ /-
'-} n . ' . T ) . B .

Chi—squared-4 74; df=1; robability-O b3
Part:lal ‘and total val%summed ates' correé“tion was applied

-

. 3

e nuunxn’pr CASES AT EACK LEVEL OF INSIGHt: THE CONCRETE PROBLEM,
. COMPARISON OF SCIENCE AND NON-SCIERGE GROUPS.

»

- " TABLE 15.
S L ————
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LEVEL OF g HIGH . - OMPUTER
INSIGHT PDAD- B.ED. SCHOOL PERSONNEL.
None 35 19 31 ‘ 10
Partial : 4 5 7 1
‘Total 5 ° 2 7 3

’ . ' » *
. Chi-squared=1.35; df=3; probability=0.72

Partial and total values were summed.

NUMBER OF CASES AT EACH &EVEL OFiIﬁS~GHT: ABSTRACT PROBLEM.

COMPARISON OF THE FOUR UPS.

TABLE 16.
LEVEL OF HIGH COMPUTER
INSIGHT PDAD B.ED. SCHOOL PERSONNEL .
‘ ' RN
None 34 17 35 8
Partial 8 5 ' 3 3
Total . 2 . 4 -7 3

X *
Chi-squared=2.24; df=3; pr~hability=0,52

*
Partial and total values were su-me-

NUMBER OF CASES AT EACH LEVEL OF INSIGHT: CONCRETE PROBLEM.

COMPARISON OF THE FOUR GROUPS.

TABLE 17.
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CHAPTER IV

PISCUSSION

I will atteapt in this Chapter to addres: the
followving points, though of course many of. the -~ s are
closely interrelared and frequent crst—referencing may be
necessary. |
(a) Were the experimental findings of Wason and his co-wor-

. kers corroborated?

(3(b) The tasks are frequenfly said to be "appar;ntly" or
P"superficially" easy. Is this really true? Especially in
the casé of the Select: on-task, precisely what does the task
consist of?

(c) 1Is the probl:nm important? This is tie&v to two ques-
tionms: .

ki) How does the problellrelate to other problel—solv;ng
51tuat10ns investigated by psychologists in recent Years?

(ii) Are the conclusioans of Wason and his colleagues
J --ified concerning their suggestions rhat Piaget's theory
of a formal operational stage may need modification, tﬁat
the select}on—task.is‘- I put it crudely here only to be
brief - illustrative of the need in elpirical Science to
falsifyvone's~hypotheses, and that the‘ rule-flnding task
refleéts‘ fundalental Processes accounting for the Structure
of Scientific Revolutlons as described by Kuhn, 19707 This

last has never been explic1t1y clalned, of course, but some-

thing close to this is implied in the repeated references to

86
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v
Kuhn (eg. the four references in the brief Chapter 16 on the
rule-finding task of Wason and Johnson-Laird, 1972;
subjects' : . +egies vere variously "consistent withn", “in
conformity withn, "corroborating®, "confirndng"'various as-
pects of Kuhn's thesis).

(d) Is the problem solyble, in the sense of ansvering the
question, "Why do people have such-and-such difficulties?"
(e) FPinally, we may ask ihat, if‘any,‘are the educational
i-piications of this work, and is furthér research in the
area necessary or worth-vhile?

Confirmation of previous work.

With minor exceptions,_noted'below, all of the findings
of earlier workers were in f&ct confirsed. Subjects do have
difficulty with ‘thé' tasks, and once they start
'flouhdering', their tﬂought-proéesses do indeed becone‘”er-
ratic. There is ample evidence for this in the few proto-
cols in Appendices II and III, vhich are gquite representa-

tive. They have not been selected in any way for their dra-

matic walue.

The particularkdifficulties or curiosities im behaviour
caused by the immersion of subjects in the maze of these
logical tests is already clear from the presentation of the

results, and is illustrated by the protocols. The reactions
of subjects do indeed seen quite pérverse at times. Thus,

vhy should Subjects not. take the advice to 'put a check mark

R 17777 T T TSR T T P R FeY
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oI a cross against each of your ansvers, so that you have a

record of your earlier findings' (in the rule-finding task).
Many did not, a;a a few even continued without suéh a record
wvhen they were clearly in difficulty, and after the advice
had been repeated, because of thelr difficulty One finds
it difficult to lnagine that peoplq behaving in this fashion
could even cope with life, let alone succeed at university.
Clearly the probleas are difflcult in a rather unusual
sense. .

IThe diIficulty of the tasks.
'uany of the papers cited above have made early re-

ference to the essential simplicity of the task - for

Le&anple: "ee.: 2roblea vhichb is structurally simple..."
~ (¥ason, 1971, p. 206)} "...What looks like a fairly simple

problenm is, in fact, a difficult one" (Vason, 1969a,

P- 471); ®These tasks are structurally 51lp1e but deceptive-
ly difficult...n (Johnson-Laird and Wason, 1970, p. 134) .
ﬁqv of course, fronla loqician?s point of view, examin-
ing the task as a logical exercise, it could h&tdli be sigp-
ler. oOnly making the choice purely binary”could siiplify it
further. It should be emphasized, furthermore, that I am
pot disputing such comments as those just quoted. The prob-
len is, in a sense, simple, and éubjects' almost uniformly
have great diff}culty with it. Hovever, as T shall suggest
below, it may depemd on how one defines one's terms -~ the

subjects do not after all know the structure of the task; to

o+
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them, 1its structure ‘is the whole problem, as they perceive
it. '
What possible impediments, then, are met by a subject

vhen the problel is first posed? I have been able to think

of the following - there may be others: -
(1) Does "if p then g" mean "if ¢ then p"?, as commonly
occurs in everyday-life, gi;ing rise to the 'defective truth

table'.

(2) Does "'L' on one half" mean "'L' on the éxpdsed half"?

- in itself a trivial decision, bat very easily assumed on
s e .

one's first glance at the cards. (This is what Wason, and

colleagues have described”hé 'irreversibility"{ vhich char-

acterizes subjects as not being in the stage of formal .

operatigns). This is a'very small point, and possibly even
invalid since so many do choose the '6', yet if could add
some small increment to thé initial confusion.

(3) Does the request "prove true or false" mean the rule

wvill always be true, or alyays false? (As I have stated

above, the question need not be asked, since the rule always .

L

states, "Eyery card (time, etc)....", and one counter-example

. .
would be sufficient to break the rule. Yet, at least in

thié formulation of the problea, the adjective "evéfy" night

lead subjects to think in ail—orjnone teras) .

(a{ The subiject ié not alloved to turm over any cardé vhile
making his choices. He Must therefore bear in mind, or
thinks he must bear in mind, some cho;ces vhile considering

oihers. ("If I had found ﬁhat one true/(false), need I look
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at this one...?") While clearly not a problem for someone
vho has grasped the "siiple logic" of the task, for those
vho have not done so, the problem rapidly becomes taxing -
especially on short-term memory. ' P
(5)‘ There is some confusion for many subjects as to wvhether
the rule is true or false for each card ;j tugpg or for 111
foul simultapeously. This is logically"the same as (3), but
subjects do not see it this way.

of contse, if a subject were ‘able to consider these
questions individually and separately, and answer thes, the
problems would not arise. But tnie seems not to be the
case. Having watched many subjects struggie to understand
the task, and then nake their selections, my opinion is that
lany snbjects get 1nvolved in the above dlfflcultles _1;31{

taneougly, and then, if I may use a fishy analogy, in strug-

_9gling to free thenselves,\pn11>the net of confusion tighter'

pre

‘and tighter. Of course, this is a purely' subjective argu-

ment, bnt may perhaps add a little insight into the difficu-
lty of the task. I repeat, houever, that the impediments
above are in all probabillty not individnally insurnonntable
" by an *average’ snbject;‘it'is the confounding of some or
all of ‘then vhich gives rise to the difficgulties. Hoteﬂalso
that one vay to remove the problem, amd simultaneoasly nake
it more realistic, vould .be to allov subjects to turn over
the cards they vished to as they came to thenm. In‘this vay,
subjects night recognize the irrelevance of the 'q' case as

soon as they turn it over, and having tnrned the p-case, and
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found it to be true, say, #{so that search for disproof might

céntinue), aight also consider further the not-q .case. I

have tried hard to conceive of any situation one might meet
. outside the psychological laboratory in which one vould have

to withold decisions or the testing ~of hypotheses in the

fashion of this experiment, but have been unable to find

one.~ .
zI nov raise agai; the points made in Chapter I‘(page 8
and page 32) in wvhich two and five subjects, respectively,
vere reported to be unable to comply vith the instructions,
Or vwere seriousiy confused, or misunderstood the problean.
That is, despite the "structural simplicity" of the problen,

and the fact that most (other) subjects experiénce little

"felt difficulty"™ (in contrast vith the classical probleas

"of Gestalt psychology - see Iason,‘1971,.p. 206) , some uni-

versity students fin& the coamprehension of the task itself
beyond them. One feels thete must indeed be sonething very
artificial about such a task. (I would also add that
Wason's judgement - quoted on pp. 6 and 7 above - concerning
subjects who claimed that ‘not-p' and 'ﬁot-q' "already broke
tﬁe rule" seems a little hasty or harsg. She concept of
soiething following a rule kas indeed "inadequately
conceived"»;gbggig instance. The subjects had 81lp1y ais-
takenly leaped to the conclusion that the rule was only con-
cerned with 'L'*'s and '6''s, However, this is-a dire varn-
ing tp a pedagogue not to assule that vhat he said wvas what

his students heardt 51nilar cases of "telpotary .deafness"
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arose in the present investigation, as was mentioned in the
pgevious chapter).

However, this is not to ¢ a2y any of Wason's (and
others®) conclusions. In particular, much of the interest
of this work éoes not derive only from the difficulty sub-
Jects experience, but from their curious and often inflex-

ible rationalizations after they have made their choices.

The importance of the problesn.

Of course, the question of the importance of a probleas,
perhaps in psychology more than in any other area of inves-
tigatioq, aust be almost entirely subjegtive. There are two
interrelated aspects concerning the importance of the tasks
under discuééion; the relationship between these experiments
and other "problem-solviag", "rule-finding", "information-
Processing" experiments: and the interference in other ex-
periments and in real-life tasks of the incapacitieswsub-
jects reveal in the present selection and. rule-finding
tasks. By own (subjective) judgelent is that the work of
‘Wason and his colleagues is no’lZss, but probably no amore
important <than that in other problem-solving areas, with
wvhich I believe it to be only very weakly linked, and that
the importance .of the reiealed incapacities may be exag-
Qerated. In particular, Piaget's theory hasbbeen questioned
for some time nowv on the grounds that most cognitive perfor-
Rance seeas to be determined by context and previous ex-

perience as nmuch as 'cognitive level'. (See, for example,
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Bryant, 1974; Brainerd, 1975). The work of the “London
group! thus reveals another area which demonstrates the non-
universality. of Piaget's theory of formal operations, and
‘ Wason and Johnson-Laird may wvell be correct in concludir
Fhat thellogical skills acguired by physﬁcal aﬁd biological
scientists "are, in fact, only elicited by familiar tasks,
and not cognitive skills which can be applied to any ptoblel
vhatever. In other vords, they are really practical rules
rather than formal operations®” (iason and Johnson-Laird,
i972, p- 190). |

"The matter of iooking for links!s between the tasks
studied here and other areas of investigation in pognitive
psychology raises questions}akin to those veryb searchingly
posed recently by Allen NevelL (Newell, 1973). He had been
asked to comment on papers presented at a syiposium on
"Visual 1Information Processing". He complimented thg au-
thors, repeatedly and emphatically, on the high quality of
their experimental research,'but found himself forced ("Half
of me, he says, "is distressed") to ask the question, rhe-

torically, "If any one of the speakers continued his present

15 Wason has explicitly admitted the weakness of connec-
tions with other areas in cognitive psychology:

‘"A chairman might be expected to make some important
generalizations about his research area. But in ur field
the crucial issues are ill-defined because the area itself
is ill-defined. Instead, let us consider a problem which I
made up..."(Wason, 1969b, p. 281). .
“Current research on problea-solving is too fragmentary and
lacking in cohesion to justify either a survey, or even
more, a synthesis. Each investigator seems to be struggling
for just a little insight. So I shall use this as an excuse
to concentrate on ay ovn vork and that of ay associates..."

- (Wason, 1971, p. 206). '
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rate of production of high-quality papers td-qu;ﬁkeient,
' . LN
--.¥here would psychology be then?" Psthoyoqy;\ké‘says,

) . Y J_ﬁ N ., .
investigates phenomena "(like the ‘seiection'\tésk): someone
finds a phenomenon, and a “flurry ofjpapers" fﬁvestigating
it ’follovs. Then sSome of these phenomena lead to
"oppositions"™ such as céntral/peripheral, serial/parallel,
perhaps, in our case, simple conditions where success is

, ¢ -
possible, and 'conditions vwhere it is unlikely. And, says
Nevell,

As I examine the fate of our oppositiohs,
looking at those already in existence as a guide
to how they fare and shape the course of science,
it seems to ame that clarity is never achieved.
Matters simply become muddier and muddier as we go
down through time. Thus, far fronm providing the
rungs of a ladder by which psychology gradually
climbs to clarity, this form of conceptual struc-
ture leads rather to an ever-increasing pile of
issues, which we weary of or become diverted fron,
but never really settle (ibid, pp. 288 - 289):
He goes on to quote a Lecent example from the respected
Jjournal, "Science", concerning sqgg prpcess in short-tern
memory inm (hich the authors prc‘gvide‘ "yet one more
n

) "Regardless of the exact amerits of their

explanation
case, ...it can be stated with confidence thaf their article
does not settle the issqe... [Their work] provides good
evidence for‘ the general propbsition that psychological
issues have difficulty even f;ding avay" (ibid, p. 290).

Nevell had _iade the "fateful error™ of trying (at the re-
quest of the convenor) to f"put theil (the ﬁapers];.gll'
together®, but he.writes, "...Not only could I not put then
all together, I did not see how they themselves were éntting'

. &



them all together".

In this same fashion, Newell and Simon develop "models"
for "Human Problen Soiying" (Nevell and Silon; >1972) - in
vhich their conédter-progran "models"™ play chess and solve
cryptagrams and simple 1logical problensts, .Berlyne and
Garner produce “infornation—ékoceésing" models (Berlyne,
1965; Garner, 1962), which, vhile interesting and ingenious
are for the most part divorced from reality. 1In fact, per-
baps one of the merits of the selection-task experiment 1is
its demonstration of the total incompetence and illpgicalitj
of most people when presented with a ‘'purely logicdi' prob-
len. |
: Quite.apart‘frOI the subjects’ confusions, Jzuever, the
element so often left out in such models is that of ‘total!
context (which slippery doncept I will mot attempt to define
here) plus pfevious histor}. ;ﬁus, measures of redundancy
in the English language, iowerer many texts are extracted
froa, at whatever depﬁh,,vill fail to catch the splenﬁid and
uhiquitdus nuances in the writing of Nabokov. How can this
be, since he is writing Englisﬁ? It happens because ‘the
reader® takes to labokQV'gi§ Qown experiences, linguistic and'
othervise, which are far nofe varied than any textual word-
count can encompass. And, in part, because Nab&koy's ex-

periences are fuller, richer and more numerous than ours, he

¢ This is not intended t¢ detract from their achievements.
On the contrary, at least at my present superficial level of
understanding, I am very impressed vith their book.
However, ©HNewell and Simon's models are not explanatory in
the sepse that physical science models are. -

0
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wvrites books for ys to read, rather thah vice-versel?. -
Similarly, it is the case that Wason's early interest
in both the rule-finding task and the selection-task arose

from his -interest in the difficulties people vere found to

have with negation (Wason and Johnson-laird, 1972), and yet

hi§ ovn work later showed that 'it A{} depended' - yet again

- 'on context?’, (See "Iﬁ real life all negatives are

false", Wason, 1972).‘ Consider, for' example, An examinee

asked - out of the b;ué, as it vere, which is to say in a
. _ .

‘barren' or !sparse' context -~ to paraphrase

It is not altogether unfitting for a study on ne-
gation to begin with a negative statelent (Klima,
1964).
(V¥hich bhe did)Q One ilaginés the exa inee_ might have a
little difficulty extracting the Sense of this.
Now consider the followving little scenario. Imagine a

patxent has been under 1ntensive observation for some tinme,

suspected of suffering froam Lassa fever. Howvever, the pas-

sibility has arisen of some alternative diagnosis, and fur~

ther tests are‘lbeing conducted. Now, the ledicalkinpres-
sario strides in, rubbing his hands, and with a wry saile

says,

Gentlenen, it is not- altogther 1lprobable that our
patient does not have Lassa fever.

I-nediately, and without pondering or ‘translating', we
understand a sentence containing three negative elements. )

[There is an interesting sidelight here concerning some

17 It is just possible that Nabokov light accept the pun
squeezed in here; I hope the reader will too. :
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early investigationsj of the diffieculty of comprehending, .
remepbering or tranéforling'negative, passive, aud negative-

passive forms of sentences. Some adherents of transforaa-

‘tiopal generative grammar theory claimed that ex;ra delays,

for example, in recalling negative sentences, involved

r

operating on a negatii§ marker in addition to the base‘ot
kernel sén%epée (eg. Behler, 1963). However, Goldnan-zisier
and Cohen simply did'a careful count in several language
;ituations of the frequency of occurrénce of negatives, pas-
sives, and negative-passives, and shovéd that silple
habjtuation could account forvthe delays. = simple, active,
affirlative,. declarative sentences dominated by 'faf all
other:séntence—types (Goldman-Eisler and Cohen, 1970) . The
point of immediate id;etést is this: gg} had this coupt not -
been dope in all the years before? Unwillingness, or u;—

awvareness of the need to falsify, following iasgd, seeas A‘
likely contender. Indeed, it is very likely that the number
of false trails to follow and of issues 'muddied’ by fre-
gquent and hasty publication vould be drasticallj reduced if
anthors vould simply do their utmost £o follov Campbell and

Fiske! (1959) -advice on conveféent ‘and discriminant

~
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Turning now to the relgt%onship of these experiments
wvith Popper's théory of refufaﬁility, or Kuhn's theory of
the growth of science through revolutions, I would claim at
once either that Wason and Johnson-Laird have only an ex-
tremely superficial knowledge of these authors, (especialli
Popper), or t@at the references are brought in, perhaps
rather casually, to add substance and possibly stature to
their work. (I think the latter is more likely). However,
the following discussion of Ppppér's and Kuhn's work is not
‘only introduced as a foundation for my criticisms of Wason
and\Johnson-Lairdﬁ for, as I try to show, an understanding
of the processes by which science grovs also illuminates the
difficulties of psychological research.

., For «clarity, I first quote three comments of Wason and
Johnson-Laird (1972) r~ ... - to Kuhn: |

There was, hovevr‘; "it .le evidence for the Qse

the falsificatior taé 29y, and hence the mai:

interest lies bet er the variation of hypotheses

(wvhich of course fr: ; =ntly leads to implicit fal-

sification of former hypotheses), and the

verification of hypotheses by piling up confirming
evidence for them. This provides some corrobora-

18 This may be too much to ask. Witness Meehl, who writes
in a slightly sad vein, concerning the controlling of nui-
sance variables, "I have sometimes wondered whether it is
only in the inexact sciences that rather simple
methodological truths have to be noticed afresh "after the
passage of an ‘'academic generation' or two. Does this
strange phenomenon occur also in physics and chemistry? In
psychology, omne is uncomfortably aware of the truth of
Gide's remark, 'It has all been said before, but you nmust
say it again, since nobody listems'" (Meehl, 1970, p.394,
ftn). L -
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tion, in an artificial task, for Kuhn's (1962) -
view that beliefs, or hypotheses, are only aban-
doned (if at all) wvhen more adequate alternatives
become available (pp. 207 - 208) [A].

On more tham half the possible occasions, the hy-
pothesis is not relinquished even when it is known
to be wrong. Time is needed to find a new idea in
a large number of cases - a point which is again
in conformity with Kuhn's (1962) views

(p- 210) (B].
«---.Five of the eleven subjects first of all
generated instances to confirm a hypothesis (in-
contradiction to their instructions), and only
then attempted to eliminate them. This confirms,

yet again, Kuhn's .(1962) argument that the scient-

ist carries out research with reference to a pre-

existing 'paradigm' (p. 212) [C].

Now, each of these statements is essentially foolish in
its reference to Kuha, though the reason may perhaps not be
immediately clear. It lies, I think, in the subtle rela-
tionship between Popper's theory"and Kuhn's theory or de-
scription of scientific revolution or progfess, for the
Popper theory explains,® in one sense, Kuhn's foramulation,

and simultaneously clarifies vhy there is none but the nmost

trivial relation between the isolated psychological experi-

‘ments referted to above, and Kuhn's work. I will ¢try to

show that there is in fact avneceSSarz connection between
situations described by Kuhn and Popper's description of the

progress of science, and indeed of all knowledge,. since

Popper's solution to the problem of induction - the process

of logically unvarranted generalisation by which we all
seem, wvilly-nilly, to learn about the wvorld around us - is
that ve learn, in fact, from our errors: a Classification

(to take just one example of;onr mental organizing) becomes
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crystallized, so to speak, at the point at which it breaks

downt!?., He writes,

we ratjopally justified in reasoning from
ig_;gn_g§ 9L from coupn g;igstances of which ve
have had experience to the truth or falsity of the.
corresponding lavs, or to instances of which ve
have had no g;per;ggge? ‘ B
The ansvwer to the problem is: as implied by
Hume, we certainly are mot justified in reasoning
from an instance to the truth of the corresponding
law. But to this negative result, a second re-
sult, equally negative, may be added: we age
justified in reasoning from a counterinstance to
the falsity of the corresponding universal law
(that 1is, of any lawv of which it is a counterins-
tance) (Popper, 1974, p. 1020; original emphasis).

Later, Popper writes on the *"“Psychological and Pragmatic

" Problems of Induction":

It 1is, I think, hardly open to serious doubt
that we are fitted with an immensely rich genetic
endovment which, among other things, makes us most
eager to generalise and to look out for regulari-
ties; and also, to apply the method of trial and
error. Now I assert that all learning of new
things is by the selective elimination of error
rather than by 1nstruct10n (Popper, 1974, p. 1024;
original emphasis). . X

(On  this same topic, see also: F.A. Hayek, The Primacy of
the Abstract, 1972; and K. Lorenz, The Innate Bases of
Learning, 1969).

I have quoted Popper at some length here to ensure that
this point is-clgar: falsification is for Popper an essen-
tial element in the everyday acquisit%on of knowledge, as in

the acquisiticu of understanding in science.

19 nseem ...to learan" is in fact the operatlve phrase here,
for Popper insists that we do not ("neither animals nor
mRen") "use any procedure .like induction, or any argument
based on the repetition of instances. The belief that we
use induction is simply a mistake. It is a kind of optical
. illusion®™ (Popper, 1974, p. 1015). :



I now come to the essential point. Popper is by no

means ‘a purist, a 'theoretical® Philosopher. He states re-
peatedly that one should not give up one's theories lightly,
that progress has often been ; made by the 'patqhing' of
theories, by the addition of "auxiliary hypothesés" (at
least to the point wvhere deeper clarity or a greater unity
is achieved by reforaulating the theory - perhaps as a
result of a "severe test"). The requirement ofv testablllty
is paramount - but after all, strong theories will often
vithstand strong tests. Now it is arqued - (for exalnle, by
Lakatos; see referenca above, pe 3) - that refutation is
impossible; that "some sultable adjustment in the background

‘knowledge" will alvays accoant for troublesome data. . But in

a *_;;-estgbl;§ggg sc1ence, this is not true. Popper and
Lakatos between thén provide an illustration:

Popper had used the discovery of Neptune as anD exanple
of a possible refutation, starting from deviatioms which
vere observéd in Uranus' orbit. Lakatos had then created a
"characteristic Story" of an unobserved planet, the presence
of which was postulated to be the cause of such a dlsturb-
ance, but apparently too small to be observed by telescope;
blgger telescopes are bailt: a dust-cloud still hides the
planet; . satellites are launched... However, ~Popper points
out that "...almost all possible kinds of misbehaviour -
that is, ail except a set of measure zero - would not Dbe
eiplicable by postnlatinga the existence of a planet pt.

Thus, Lakatos* 'characteristic storyi is in  fact an
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extremely exceptional case" (Popper, 1974, p. 1007; originalA
emphasis). o

To illustrate, Popper is saying, for ex&nple, that
planets fbllowing rectanqular orbits, or orbits not obeying
Kepler'é Lavs, would refute Newton's gravitational theory,
but that jyst sych a pertyrbatjon as would be caused by an
unobserved‘plan?t obeying Nevtoh's lav would be '‘infinitely:"
unlikely under any other (unknovn) law.

We are now close to the essential distinction between
psychology and the ;ature sciences, and to the so-called
'Kuhnian' behaviour of Wason's subjects. Neither psychology*
nor most of its sub-branches has any overall structure - the
nonologlcal net is almost entirely absent. Thas, allost-any
'theory' can be 'refuted' by just the sort oflreforlulation
referred to by Newell in his example ’fron ®Science" (or,
equally, can be 'patched’ byaadﬂerents of a theory); hence
the propagation ad*nauséal of Nevell's ‘'oppositions' and
unresolved issuészo. Putting it metaphorically, the whole
structure of psychology is rather like an amorphous fluid;
'thé *theories* ére&scarcely-delilitable, weaklyéstructnred
bodies of almost the Sale density as the fluid, and as each
other. Any theory can ! grov' or ‘move! - the fluid ylelds,
other theory-bodies are barely disturbed, and the overall
'change is negligible. The contrasting natu£§~5c1ence pic-
ture uould be that of a strong ctystal—structnre inuvhlch a

disturbing theory might be a new ion, too large for the

20 sSee Koch, Psychology as a science, 1974,
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crystal lattice, from which distortions grow, slovly at.
first, spreading through the crystal as information and re-
search activity spread through the ‘active (*thermally
dgitated') research community. (A 'scientific revolution!
would be the sudden transmission through the structure of a
dislocation - sometimes resulting in cleavagel) g
We are nov in'a position to see how the pointé vhich
Wason and Johnson-Laird make regarding Kuhn's theory do in
fact ‘fit into the scheme of things in scientifie researéh.
The first point, included in quotation A above, is a reflgc-
tion of the faith vhiCh scientists have in the pre-existing
Structure (and, of course, Kuhn put the matter more strongly
than Wason and Johnspn—Laird suggest in this passage:
-the;ries are ahandoned ‘- eyen When they have little
explanatory lglgg with regard to some phenonenon - only when
more adequate alternat;ves. are available). The reason ‘is .

clear: a good theory already has much empirical support, has
explained many fgcts, and 'fits in' with the whole edifice
of science. !Patchingi or extending such a theory is not
dishonourable - on the cohiraty; it is sensible, vithin lim-
its. And _hg_ is to be gaiped by abandoning such a theory,
vhen no alternatlve is available (as mentioned in quotation
A)? The classzcal example here is probably the Rayleigh-
Jeans fadiation lav, founded on the elegaat and successful
classical theory of electro-magnetisa. Bven_vhen Planck did
finally propose his 'quantised' version, this was 'élea:ly'

‘absurdly ad hoc - for at that time quantum theory was not
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even hinted et by most empirical results. Cerﬂ?inly before
the Planck radiation law was formulated, what w&s‘the alter-
native (for most ‘'reasonable! men!) to clinging to the
Rayleigh-Jeans Law?. Such situations also include the point
in ﬁ above. Qf coyrse time is needed to make cha%ges in an
aétive, complex enterprise such as scientific reséarch - for
even though a hfpothesis may be "known to be wrong", per-
haps, in the real world, it can be adjusted or added to, to
explain ne&, nncoifortable‘data, But to drawv a comparison
hetweéh this and the time needed by subjects to change their
hypotheses is far-fetched in the extrese.

Siliiarly vith the ¢ase,of research "with reference to
a pre—existing paradigm™ (in guotatiop C): if}a scientist
vere not working within an eiisting par{gig-, he would pot
be dojpg science, for his paradign is the pre-existing
structure2t, When Elbarrassing facts emerge, and alternate
paradigas appear, it would be po#sibly foolhardy, and cer-
tainly intellec: .aliv taxing to make the éffort to absorb.
the new structure {- - might be wrong anyway) ; the old one
maight turn out tc be = -ly revarding, and possibly suc-
céssful. ; |

The_ poéitioz of ¢ < 'bjects studving the rule-finding
probles is analogous, buv* . ..« operating essentially in
a vacuum - there is no svrrounding 'structure® to ptbvide a

possibility of reasonable rervtation. In contrast, a

21 It is perfectly possible for a neop-scientist to be work-
ing within a strncturef The reader amight bewvare of the

‘not-p' case heret
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science based on some coherent structure has reason to seek
other explanations only vhen the current structure does not
provide an explanation for some phenomenon. A second sa-
lient point is that patyre provides thé scientist with
phenomena’ to challenge his theopies. Asking'experinehtal
subjects to pfovide their own counter-examples has nothing
in common vith\ the practice of 'scientists, actual or sup-
posed, beyond the elementary description of the two pro-
cesses. The unavoidable implication of the Wason and
Johnson-Laird references is that the way scientists operate,
if Kuhn is correct, is to some degree a consequence of the
impedipents imposed on their research activities by their
inadequ&te mental processes. While this may be the case,
the connection is certaipnly not proien, nor necéssary.

In Sulnary, then, I have tried to show that refutation,
as a methodological ideal, lakes sense only in the framework
of a well-established structure; the strengthhor effective-~
. ness of‘the method is proportional to the strength of the
nomological naet within which it is put to use, ahd that the
usual, pragmatic use of.the method - including defence of
theories against attempted refutatioms -_is at least con-
sonant with Kuha's descriptibn of the growth of science, and.
may explain the lattér theory to sone'extentzzf I havé

tried to argue that Wason's experiments show that educated

22 Note that, although it does not, so far as I am avare,
- affect the argument above, I have not suggested that Popper
believes that Kuhn is correéct in all respects. I have not

read Popper on Kuhn. ‘
]
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subjects are not very good at solving logical problems, but
show nothing more; the chaFacteristic errors they make, such
as failing to try and refute, and failing to vary their hy-
potheses can have no pnecessary connection with Popperian
tefutatioﬁ or with Kuhn's theory23, People, scientists
included, @may also be pig-headed, proud, lazy, and so on,
causing theE to be as inefficient in their professional work
as Wason's subjects were in these tests, and causiang them to
cling to unprofitable theories for reasons other than their
logical fallibility. But there is, again, no necessary con-
nection between Wason's work and the supposed "Kuhnian® beh-

aviour of scientists.

Th;re is a second bird we may try to kill with this |
same stone of refutation-in4a—structu?ed-cohtext, although
ve shall need the help of a secoggqftone.

I have up to this point tauched only briefly on the
association between the selection-task and Piaget's theory
of a formal-operational stage, and have not considered at
;11 the matter of the sblubility of probleams such as "Why do

people have such-and-such difficulties?w Nov both these

qnestioné are clearly tied to the problem of explapatiop in

23 The criticisms I have made to this point of the work of
Wason and his colleagues may seem gratingly ungenerous. I
vould therefore like to emphasize that within the limited
context they have set themselves, the few errors noted above -
notvithstanding, I regard their experimental work and analy-
sis very highly. 1In particular, Wason and Johnson-Laird's
"Psychology of Reasoning™ (1972) seems to me a model of
clarity and continuity. 1In Newell's phrase they have "put
it all together"™ uncommonly well. . o
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psychology. I have myself felt the exaeperation hinted at
by Newell ih'the extracts above, and feel it most acutely at
‘the end of psychological research papers, when the authors
make statements such as,
"Hov is a particular wvay of saying something approﬁriate to
the content one wishes to convey?”‘ (Oldfield and Harshell,
1968) ;
"Inconsistency, when it is recognized as such, evidently
enables the subjects to appreciate logical structure, and to
correct ertor; But exactly how it does this is still -
unclear" (Wasom, 1969a).
"More attentioe should be paid to the conditions wvhich
result in" the disappearance ‘of insight after it has been
gained .... A problem is usualiy solved vhen its logical
Structure is clear. What extraneous factors militate for,
and against, insight into their etructute?" (Johnson-Laird
and Wason, 1970a) ‘ | |

So frequently it seems to me, in this context, ques-
tions asking "how?", such asv "How do sub jects....?", or,
“What mechanisms determ:1c. ...?" are simply -paraphrases for
"I don't know what I am talking about". in what sense is:
thisbtrue? The anever is to be found by a comparison with
guestlon-asklng in everyday 1ife, or in SC1ence, in Vhlch,
vhen a question is asked, the ggg_gi_gg_ has a fra-e of re-
ference or sttucture, vithln vhlch he expects the answer to
lie. Thus if we ask a chemist to explain the reactivity of

the -SH radical in cysteine, ve axpect him to reply in teras
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of ‘bond-strengths, ion sizes,“and so on; if ve ask an en-

gineer how a particular thermostat works, we expect an

‘_ansver based on familiar wmechanical or electrical prin-

ciples; if a nine-year 0ld asks why minus one times ninus
one is plus one, there is uenally not much point in telling

him about inverse and identity elements and the distributive

law in the field of integers.’ In this fashion, although a

questioner does not (usually) know the answer to his ques-

~tion, he 'knows' ,or expects (again, nmost connon;g) to e

able to fit the ansver' into his pre—existind schene of

things, his present mental structure of the world.

The same is true of a practicing scientist. He . "asks
questions™ of nature, wusually, but not always, by experi—
menting2¢. ¥We see then, that either in the acquisition of
knovledge nnd- nnderstanding during individual development,
or in  the grovﬁh of the bodies of knovledge ve call
"sciences", new knovledge\ is added to an already-existing
éttuciure, and ve cannot stray too far (in some iil—defined
sense) froam this st;uctnre vithout the question becoming
meaninyless. ' ‘ v

Assuming, then, that I am rignt vith regard to the
examples quoted above; the small point arises as to how it
1§ possible to ask such questions if they do not, in fact

arise from an underlying strncture? I believe the ansver ié

.24 Astronony is pe;haps the protntypical case cf' a. purely

observational science. HNevertheless, as the above-mentioned

discovery of Neptunme, indicates, it is perfect respectabBle .

as a science.

N
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simply th#t the gquestions (or similar vestions, if some or
all of these are not goo&,exa-ples) are pot real gggg;igngg
they are essentially p&todying the 'hard! sci—nces;

But there is a auch more fundalentél qyestion. Is it
not simply possiblg that péychology is still too younén a
science to have formed a structure fira enoudh to support
'strong theories' and severe critical tests? Afier all, the
subject-matter is dauntingly coaplex. Considering the enor-
mous resources4in manpover and money poured into the the
enterprise in ‘the last thirty or forty years, this_might

seea unlikely, bu£ ve should admit the possibility.

I would like at this poimt to try to do two things:
firstly, I will trj_to present an argument in favour of the
last position - that psychoioqy‘is yet young; all veﬁneed is
time and effort - by presenting a case which night reasonab-
‘ly seem to be analogous, and vhich ve now knov to be a well
established scientific. discipline, ‘that of historical
linguistics2s, After this, I shall try to present in a very .
cursory fashion some of the analysis of the theoretical bio-.
loqist Blsasser concerning current difficulties in cell bio-
logy, vhich seen inltheirAessenCe to be close to those of
contelporary psychology. There ié a link between the. two

situations, but I .cannot make it clear at this point. - By'

\uSing this device of two analogies, I hope to <clarify in

2% I shall not concern myself wvith any 'theories' of phone-
mic or grammatical change with time, but merely with the
establishment of the differeat language groups.
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e
some degnee what seols to be‘ the essential weakness of
'scientific' psychology in a manner I could not achieve by
discussing psychology in isola‘ on.

Historical linguistics i3 a purely observatnonal studx.
Furthermore " it is a stu;j of the most conplexvof foras, of
language changing in tine,‘gecause of various fa?tors, and
freguently in geographical area of usage. _Consiéer nov the
following example which we find in an intfoductory cext
(Hjelmslev, 1970):

We take 'the wvords for "moon" ’and "month"™, in this
order, except where indicated, and look at their equivalents

in various languages.

Gothic: . mena, menoths (nnvoiced)
Irish: nij(lonth)
Latin: lénsis (month)
. Greek: mene, amen |
Lithuanian: menuo, menesis
- 0.C.S.z Mesets ("moon" and "lonth")./

(The second ‘e' has a nasal sound like Prench 'fin')
v Old IndiC°” mah ("loon” -and "month")
"iho can doubt", says Hjellslev, "the common ancestry
of languages?"v ¢ f
| In examining snci nords; - each olelent is;trea;ed'in
turn, and ‘rules' are arrived at for nelating elglentsi and
langnages. In the above 1list, the }nitiil “a" is of im-

terest. If the 'm' were post-syllnbic, or terninal in a

wvord, it would be treated differently by, or within some of

. o
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these'lahgudges. Thas High German 'd' is functionally equi-
valent (say the linguists) to the Germanic post-syllabic
unvoiced 'th', and the High German 't' is equated to
Germanic post-syllabic 'd', or the Gothic '4'. In tﬁis vay
the Gothic oppositién, 'brothar' (w*th 'th' unvoiced) and
;fadar' takes the form in High Gerihn' of © 'Bruder' and
*Yater?, Notice that ve have moved away from the unequivo-
cal case of . the *'m' in the ‘'moon' and 'month' 1list.
Diff 2nt sounds are now equated, and this in words in whicﬁ
all the remaining phonemes may be dissimilar. But matters
As Hjelmslev points dut (P- 24) "... a single expres-
sion elenejt’ in one language can correspond to two or more
differént éxpression elements in the ‘related languages... -
fAnd]... As ve dan see, a disiinction found in'gne language
;ay be . Pbliterated in another®. Thus the distinction des-
cribed above is lost 1in Icelandic, ('btbthir:, *fathir?,
both voicéd), Danish ('broderi, w'fader'[, ahd in Englisﬁ
('brdthe;', "father') , ".. since, [P:eséaa emphasis] these

languages have in this case only one expression element cor-

.responding'to both Germanic post-syllabic 'th' and 4r...m,

Thus, ’genetiéally related languages by no means
need have the same number of expression elements,
or the same system of expression elements (ibid).

Bat this seems horribly ad hoc, rather like Wason's

‘excuse of his ovwn explanation (above, p. 18). It is as

though we had evidpnce of languages evolving from common

'stocg,'illnstrated by rulgs_gOVerning correspondences bet-
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veen expression elements in different lanqguages (such as the
initial 'm® in the list above) ; however, when the rules are
féund not to hold,‘we refer to the misfits as "exceptions",l
or create a lamnguage “sub—familyﬁ; In this way, a theory
could never be disproved; (Ve might remind ourselves here

that the development of a language cannot be observed).

Of; course we novw know that this is not the case, but
how must the situation have looked to scholérs working at
tu  foundations of historical linguistics during the last
century?zg I am notluishing to imply that any newly-observed
relationship would have shaken the discipline to its core,
but- the merits of rival theories could hAVe.been very diffi-
cult to aséess, and dny one theory, at that tinme, ilpossible
to refute. The similagity with the situatioh in modern psy-
chology is striking. ﬂngver, certainty has been achieved
in historical linguisti?s, except, presamably, fof details
currently being worked on, because of the overvhelming mass
of f&cts which fit into the established theories, mot in
isci. 'én,’but in the manner of a tightly constructed, ° coa-
piex jigsaw puzzle. Particular linguistic features such as
thc-ewamentioned above d¢ not definé language groups or sub-
groups_hih isolation, but in clusters of‘many elements, the

presences of many different elements reinforcing each other.

Sililafly, of course, the simultaneous absence of a group of
26 The argument would of course be stronger here if I coald

Cite examples of actual feuds. Regrettably, however, I a=m
not a linguist, but it is clear that such probleas must have

arisen.
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elements from a putative language-group also confirms that
group's cqurence. The structure, or 'nomological net' is
now so stroné that it can withstand 'exceptions’, though of
course the effort to explain them will continue.

And so, it might be argued, is it not possible thét the
jigsaw-puzzle of modern psychology will likewise begin to
come together? ‘I think the analysis of FElsasser, to which -
nov turn, indicates that this is unlikely. Elsasser con-
cerns himself with the description of biological states
(macro-description), and prediction of behaviour (such as
norphogenesis), from a detailed knovledge of guantusm or
micro-states (Elsasser, 1966). ‘It should be eléhasised,
thougﬂ, that the following argument is more analogical than
that above concerning linguistics. This arises, as will be
seen, because Elsasser is concerned with yncertaipty arising
from the presence of the nyriads of quantum states cohpa-
tibl« .ith any one macro-description. The definition of the
informational uncertainty in psychology analogous to t°

gquantum ‘states is difficult, but nevertheless, as I shall
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try to make clear, the abstract problem is the same27, (It
should perhaps be stated at once that Elsasser does not have
a solution to the biological version of the problem, but
rather an indication - I am not sure whether it would be
valid to call his argument a proof - that a solution is in~
trinsically impossible in terms of the classical scientific
‘approach of deduction from a relat}veiy fev general
principles%. Elsasser's/argunent is closely-reasoned and
necessaril;' complex, amd I hope I shall not create too much
distortion in the following precis of his thesis.
He states hié aim thus:

One of thé chief  purposes of biological
theory as conceived here is to specjify the
limitations of physical predictjion. (Original .
emphasis]. We mean by physical prediction in this
context. such prediction as is based on the laws of
,physics ,applied to wmodels involviag homogeneous
classes (Elsasser, 1966).

He then points out that gll physjcal measurements have

to be made on homogeneous classes of elements - for example,

large nusbers of électrons, or large numbers of similar

27 It is perhaps fair to assure the reader that the follow-
ing discussion of Elsasser's analysis does have close
abstract-logical and analogical relationships with
psychological explanation. Especially if wunfamiliar with
Elsasser, he might othervise consider that the pPresent
writer is about to wander down totally irrelevant pathvays.
This belief, though possibly more cosfortable, is not the
casel : - : :

' However, I ‘am omitting ome conclusion of Elsasser's
wvhich may be important. Following Niels ~Bohr, he claias
that there may in fact be gbsolute limits on knowledge which
ve may expect to find associated with organisas having a
degree of autonomy: the two notions . B - autonomy and
restrictions on knowledge - ‘are said to be inextricably
related. I am not discussing this idea because I do not
understand it, but if correct, it explains at a very
fundamental level the probleas of scientific psychology.
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molecules. Because of the uncertainty principle, any at-
tempts to make ieasurelents on individual atoas, electrons,
and so on, are doomed to failurezs. Thus it is emphasized
that "science deals with propositions about classes and not
vith individuals outside of their being representative of ;
clasées" (ibid, p. 90). Now according to Elsasser, the vapé
proach to biology in which organisms are characterized as
open systems, with nmultiple and complex foedback loops,
vhich notions have also been applied to psych0}ogy. albeit
vaguely - (see Miller, GaLanter @nd Pribram, 1960) ; has not
been fruitful, and hevattributes the outstanding difficul-
ties to the existence of radically inhomogepeous clagses of
elements. Thi# renders inapplicable, in systems of extreme
conpiexity, the method of sampling of homogeneous classes,
and, ashzlsasser points out (page 45), this property is not
restricted to biological systeas, being pureiy a sét—theore-
tic problea. Elsasser defends the éxistence of such c1a$ses
(at least in a rather jtight' sense) on the grounds that in
a system as large and.c0lplex as a ceil, theré are an immen-
'sely large number of possible quantum-states the cell could
be in - gxéeeding tremendously in fact, the nuaber of pbs-
sible cells there could be in our nniverse.‘ The sale is of
Cdnrse true for, say, a laboratory sample of a crystal.

Houever, because of the vastly conplex structnre aad dyna-

mics of biological specilens, properties cannot be gzgggggg,

28 (See the comment on the testing of human subjects
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out the way they cam in most physical systeams; the detailed
specification of a biological systea is necessary if one is
to predict its future behaviour. [ See for example his page
46; the statistical arguments occupy Elsasser's chapter 2
(ibid) ]. )

Elsasser now proposes that the existence of these
finite, 1inhomogeneous classes "is the most significant abs-
tract property of organisms", and hypothesises that it would
lead to "observable regularities which have no direct equi-
valent in homogeneous classesﬁ (ibid, p. 48). However, he
points out (p. 47) that a formal proof must still be supp-
lied that  such regularities can arise in a finite universe
populated by inhomogeneous classes, even though the exis-
tence of such classes with these pProperties 'need not' lead
to a conflict with classical physics (pp. 49-52).

What are the consequences of such a ‘situation?
Elsasser'writes:

We nmay find the situation to be so complex —~
that ve would need many examples to. elucidate it

in detail, and wve may then find that we rum out of

numbers of the class considered before a question

regarding some regularities of their mutual rela-
tionship has been decided... It appears that
intrinsic logical complexity becomes scientifical-

1y significant as a ' property of finite

inhomogeneous classes" (p. 90). .

. .

Now this situation is clearly paralleled in psychology.
Bach individual 1is brodght up in a totally different en-"
vironment from other individuals, and each is subject to a

myriad different influences., Pnrfherlore. ve are able to

adapt to a relatkab1e degree to our environment -~ so that,
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~for example, laboratory results are hardly generalizable
beyond the laboratory; the subject adapts himself to the
experimental situation,and then goes out and resumes his
‘normal' behavior. Tﬁe problea of,thé adaptability of the
human subject has thus given rise recently to a move towards
"contextualism” or "situationalisa" (Weimer, 1973; Jenkins,
1974; and of course, in undeveloped fora in niller, Galanter
and Pribram, 1960; a counter-attack in the area of persona-
lity ‘*theory' comes from Bowvers, 1973, who argues that the
*person x situation! intéraction is the thing td study).

I thus claim that there is at least a similarity, and
éossibly a formal isonorphisi between the difficulties'of
experimental psjchology and‘those exeaplified in the last‘
quotation froa Elsasser, above. One of the results of, in
eséence, trying "to ptoduce, by statistical artifice, a
!honbgeneons" set of sdbjeéfs has been criticized by Meehl,
vho discusses fhé "controliing" of extraneous "nnisancé"
yariaﬁles, 'and exposes the connter-faéiua1 (i.e. absurd)
conditions which reéult (Meehl, 1970).

The above a:gulent could be comnsidered too pessilistié.
Biology, even Cell-biology,‘isttill:progressing, and  even
if Elsasser is in principle correct; it may be that theb
effect of a 'finite' nnlber‘ of radically inhomogeneous
classes' has not yet been felt. Francis Crick has expressed
some ninoi disagreement with Blsasser:

[At this point] ve need to clear up a point about

biological explanation. This is always of two

types. In examining every biological system, one ‘
- can alvays ask how it vorks; meaning hov, froa a
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knowledge of its parts, one can predict its behav-
iour. Alternatively, one can ask how the systen
got that way; in other words, how it evolved.

Now these tvwo explanations are in fact very
~different, for this reason. Most biological or-
ganisms work rather reliably. MNoreover, =many of
them can be obtained in almost identical copies.
Hence, one can usually make predictable observa-
tions on them, at least as well as on many purely
physical systems, such as, for example, the eddies

in a streasa.

On the other hand, it is wunlikely that the
8 of one species into another has this
character. This depends on rare events (such as
mutations) and wvhat may be chance factors in the
environment...

’ Consegquently, there is real doubt whether the
actual process of evolution is predictable. It
may be history rather than science (Crick, 1966, -
pp- 14~ 15). .

v

We note in particular thet "most of them can be ob-
tained in almost identical copies" is dicectly contrary to
Elsasser's thesis, and thus it seems that Elsasser and Cfic;
may have a different universe of discourse. In other wvords,
Crick is concerned with processes at a very msuch more groes
level than Elsasser. However, it is more likely that Crick
did not at that time appreciate that Elsasser's ‘§ngigig'
concerns were with those aspects ef biology leading to the
phenOlenon of autonomy29. FNevertheless, all this does - not
affect the applicability of Bleasser's idees as a model, to
psychelogical processes, and Crick's second point is;*rele—

vant here. The process of evolution, he says, may not be

T
——

predictable, because‘*rarel _or 'chance' events may be the

causal agents of -change - but this is precisely the class

uith vhich Elsasser is concerned. 1In jjs terls, any parti—urr

29 fThis is made clearer in Elsasser (1970), which of course

wvas not available to Crick.
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cular quantum state (occupied by, say, a cell) occurs ex-
tremely rarely, because there is an immense number3o of
other states the cell could be in.’

néw if we can agree that the number of 'evenfs' that
. can occur either Fo an isolated human subject, or to a group
of subjects is | ililatly'"illense", then psychology, like
evolution, becomes History rather than sScience3!. That is,
ve nay have soge idea how the‘psychological subject got to a
particular state, once ve know he lis there, but have no
Reans of predicting (in a scientific, as opposed to an ac-
tuarial sense) where he will actually 'go. We nmight also
note in passing that there is a reflection of this problem
broﬂght‘to a clear focus in Chomsky's (1959) review of
Skinner'é “Verbal  Behavior®, when Chomsky notes that
" "reinforcers" (events increasing the rate- of emission of
operants)‘ €an never be identified until after the operants
have beeh elitted, This occurs becéuse the number of
ggggihlg influeaces on verbal behavior is very large indeed.

- Notice, now, the similarity and,the difference between

the points just made, and the situation in . historical lin-
guistics ‘discussed above. Because of the immense nuaber of
vari;?les involved,.evolntioh may only iake-sense'vieved as
histor}. The development of language groups may aiso only

Rake sense as history, but for the very different reason

3% Elsasser loosely defines an "immense" number to be one
vhose logarithm is itself "very largen.

3t Gergen (1973) makes exactly this point vith reference to
social psychology. I am grateful to Charles Anderson for
draving this paper to Ry attention. '
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that the time-scale of interest ié 50 long; once the groups
are established, it is 'éinply' a matter of teasing out thé
clues which yieid the interrelationships. Although éonplex,‘
the problem is not insuperable. |

But nov wve can?see.in‘a beiter perspective yet another
difficulty in amalysing human behavior, which is that . e
itself happens at too fast a rate. Though not usually
Pressed this way, this is simply another vay of looking =
the reactivity of human suh&ects to investigation - as, for
example, wvhen a "pre-test" also turns out to be a "iearning
expérience".

To summarize this section: links relating the work of
Kuhn (1970) and Popper's theor} of refutation with the\rgs-
ponses typical of the subjects of Wason énd his co-vorkers
vere examined, and found to be essentially enptj, though
plausible. The lack of Progress, and of any sense of unity
in psychology wvas discussed, and it was suggested fhat the
OVerallﬁstructure of pPsychology vas in general too ﬁeak to
support refutation, and therefore that the strenqthening of
the structure was itself likely to be extremely difficult.
There is of -céutse sonme circuiarity in this argument, in
that strong tests help to create stronger structures,l and
stronger structures petlit l;re 'severe! tests - éerhaps
~more general, as well as decisive. The possibility was dis-
cussed that this veakness is simply sylptoiatic of a very
edrly Stage of development. While it vas not rejected, this

explanation was considered unlikely, since there seeas io‘

N




121

have beei'very little tightening of the strﬁcture - matters
just become *muddier and muddier". Pinally, a plausible
exélanation for this lack of structure was sought in an ana-
'logy with thé work of the theoretical biologist Elsasser.

This voik!snggests that conjecture and refutation may not be
possible regarding certain aspécts of biologicdl systenms,
speqifically those in vhich.a degree of autonoay is display~-
ed, in,conjdnction vith rare states from an inhonogeneous
éeg 6f states. It is conjectured\iha€ psychological sub-
jects, who show a degree of autonély, along with their
infinitely-variable‘ histories (a subset of the uncountable
set of all possible histories) form just such a ‘rare*
sample. Hence, the suggestion is made, though very hesitan-
tly, that psychﬁlogical explanation in any séieﬁtific sense

Ray be intrinsically impossible.

5g§ggstion§ for future research.

I turn firét, very 5riefly, to. iﬁe selection task.

Firstly, regarding the question\ of 'discovering' the
rule facilitating insight, as indicated above, the Legrenzi
(1971) experiment should be repeated with four abstract sti-
auli instead of two. This would establish (a) whether snb-\
jects can in fact discover the rule, and (b) whether such
discovery also enables them to gain insight. |

Secondly, Wason and’éthers have repeatedly stated that
‘it is as though subjects!' reasoning wvere doninated by their

pe:ceptiops'. In other words, reversihility is lost. V¥Now,
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Bryant (197“) has shown that young childrén can in fact cope -
well with iany Piagetian tasks, suci aé transference,
provided that the 1load on memory is mainimal, and care is
taken not to allowv immediate ﬁercepiioh"to dominate  the
children's' jﬁdgelent. It idqld be interesting in the pre-
sent case éilély";g cover the cards while ’;;bjects are
thinking about the task. | _ \

| Thirdly, it might be inforna;ive"silg}x to let sdbjects
turn the cards over as they vish (having arranged that 6n1y
the 'not-q' case disprove the rule), and to ask thenm inne; ‘
diately afterwards abqut their ;H;ices. Though it .is anti-
cipated that similar er£ors vould be made, it may be that
the degree of fixatioﬁ of the errors would be reduced.

As far as éducational i-plifations are concerned, thé
message is clear,'denonsfrated not so much by subjects!?
failing to solve ihe problem studied here, as by their
curious rationalization§ and theic subsequent 'distorfingf
of instructio;s which vere im fact duite clear. Though re-

latively uncoamon, the latter is gquite disturbing. | Thaus,

educators themselves nmust be very awvare of the limitations

of 'logic' in explaining actionmns, solutions to probleas, or
. ' al ) .

in giving instructionms. The indications are that Wason's

generalizatibns are broadly correct, that in unfamiliar sit-

uations people are not logical.

-

The abstract problemas which have dominated most of this

chapter have troubled me ever since I first started studying
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psycholngy. It seéns to né of paramount importance to at-
tenpt to ansver the qnestion "What %?estions, or what kinds
of questions, wmay we reasonably ask of psychology?n

Unfortunately, as it turns out, "Only those which in prinm-
ciple can be refnted" is too simplistic an answer. .If the
analysis attempted above is correct, the strggtune vhich
lpernits refutation is still lacking. Thus, it is implicit
in the\analysis put forvard in this thesis that tne pursuit
of 'basic research' in educatinnal' psyghology (vhich, of
.course, nov includes much work in “science teaching, natheln—
tics teaching, the teaching and learning of reading, and so
on), is essentially a sisuse of valuable r:esounces’z _ This
is why this thesis is doubtless atypical in the neagre space

devoted bhere to "suggestions.for fnture research". To take

- a specific example, it is a fact that most mathematics stu-.

dents find the method of 'proof by induction' very difficult
- to grasp. Yet tne rationale of the method is simple to -
state??, and it is got the algebra Af the proofs which give
rise to the difficulties. (Indeed, students connonly prove

a resnlt correctly, see the result in front of \then, yet

still doubt theix own Dproofil) Wowv if we ask v students
have difficulty, beyond a simple lack of i vith

this type of proof, vhat does the guestion mean? bntil ve

32 Ebel made precisely the same point nearly 10 years ago.
See ‘especially Ebel (19€7) p. 82.

33 Assume the relevant expression true for some particnlar
D, say k; showv that ypder this assymption, it holds for k+1;
then’ shov the expression true for Some particular m, and
hence for all n. (n is integral). ‘ : .
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can ansver this and similar q@estions Qithout beating aboat

the’ buéh, and groping for  impressive phrases, we are not

practicing science. - | B
But ve must try to approach a solution to the problen

of what qhestions wve may ask, for othervise the whole psy-

chological eanterprise cohsists of‘reséarcheis shut away in

thqir isolated boxes, endlessly chasing theif taleé; at

‘ |

€normous public expense3+. }
. v -

Kafka smiles in his grave.

5

.34  Andreski (1974, PP 26-27) ref'ects on the futility of

efforts in the social sciences, and contrasts their efficacy

vith that apparent in the enormous progress made in the phy-

sical ‘and wmedical sciences. Professor Andreski, who is no

radical upstart, being Chairman of ~the Department . of

Sociology at the University of Reading, England, is
partjicularly cutting about the inefficacy of educational

research in North America, especially in the United States.
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APPENDIX I
Elements of the Propositional Calculus. .
In this Appendix, only the very sinplest terminology
and rules are presented, sufficient for the understanding of

their use in the present thesis.

Conditjonal sentences are of the foram "If p then g*,
eg. If he is an April FPool, them I am a March Hare.

Such statements ‘are also said to be statements of naterjal

isplicatjiog.
The predication p is the "aptecedent"; the predication
g is the "gopsequept®. | o | |

The forna ofﬁ the senfence_does not have to be condi—
: tienal; fqr example, "All A are B" has the same truth table
(see Dbelow) as "n implies B". However, in ordinary dis-
course, the forms are normally used differentlx, though not
necessarily, of course:
All dogs are sammals.
If it is a dog, then it is a mammal.
The "If ... then" format is also used to denote causality in
everyday conversation. |
If she has otosclerosis, then she will ge\deaf.‘
' Hovever,e though the class-inclusion form is cluamsy, it is
not forbidden grenlaticaily: , |

All [persons who have otosclerosis] are [pe:sonsvvho’vill go

’ | ~ deaf].

133
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Iruth Tables.

A single predication either is so, or is not ;so, eg.
®p* or "not-p%. .

Two such predications and their negations can therefore
be conjoined ("andﬁ)l in four ways: p and g, not-p and g, p
and not-gq, hot~£ and not-q.

A truth-table defines the truth or falsity of such sets
of elenents associated by "and" or "or", etc., Of courSe,
‘higﬁer—drder' tables can be constructed in which one or
both of p and g are themselves coppoéed of more than one
éradication. | |

For the cése of p implies g, (or 'eitherig or nct-g'),

the table is:

B q _P implies g

i

T T T
T F F ‘
F T T
F F T

Truth table for 'p implies g'

Figure 5

In particular, we note that goply the conjunction of p W¥ith

1 Because of problems of reproduction, no speCial symbols
are used for ®"and%, *not", %or%, etc.
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not-q can prove the implication to be false, Hovever, the
frequent occurrence of cases of class-inclusion in everyday
épeech, in which, in addition to iall p being g", many g
are, in fact; Pe Seems to have given rise to the conron ac-~
ceptancé of the equjvalence of "if p then g" and "if q then
é;. This gives rise to the géfec;;!g truth-table referred

to in the text:

I\
P q B implies q and ¢ implies p
T T T
T F F
F T F
F F T

Truth table for 'p implies q and ¢q implies p'

Figure 6

From the classical truth~table, only two foras of in-
ference are valiad:
P inplies q: P« therefore q ('modus ponens'),
and p implies g; not-g, thereforé not-p ('modus tollens!
or 'coqtrapositive').
The other two. forms of inference, bofh fallac.ous, ha;e'
.likevise been categorised; they are:

P implies g; not-p, therefore not-g ('denial of the ante-
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cedent?') _ ‘
and P implies g; g 'therefore p ('affirmation of the con-
sequent').

It is the last error, t@e affirlatioﬁ of the conse-
quent, that gives rise to the defective, but commonly-‘used!

' truth-tahlél.

! This is not intended to imply that .subjects consciously
or  deliberately make this choice, baut simply that they
bebave as though they vere using this table.



APPENDIX II
Protocols from the Selectjon Task.

Subject 1.

This subject (a female mathematics major) is included
for contrast with the following. 'Her petfornance‘isﬂggg
typical. 'The subjects are first of all guestionéd about
each of their f&n: choices in turn (choose to look at, or
reject). In the abstract case, S had ‘hosen, correctly, to

look at only the cards shovwing an *L' and a '7':

nghy did you not choose the case with the '6° showing?ﬁ
n"gell, if it had an 'L' on it, it wvould be true; if it had
an ;X', it ionldn't matter, because it's only those with ‘L'
that have to have a '6' at the bottom."

nand why did you choose the ome with the '7' showing?"

F“If it has an 'L' at the top, then it's false". [ Very p:é—
cise. The easy_récognition'of the need to prove the ruley |
false is sost unusual ]. |

wAnd vhy did you reject this card with the 'X' Showing?"

"Because it doesn't matter. It is not ‘'L'".

subject 2. Sociology and Anthropology major.
S chose to look at only the case with 'L* showing:
nghy did you not choose the *'7%'7"

“gell, I'd presume that since the ... it did not say that a

137
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card with a '7' could pot have an 'L' abo;e it, but the card
with an L' would have a '6' below, So to find if the rule
is true, my obvious first ch;ice,vould be to see if the 'L'
and thé ¢6* go together." \

“And why did jon not choose the '6'7"

"No particular reason. Just the ‘'L¢ happehéd to be Fight.
(sici). The 6" voﬁld have been just\as goodn.

"And why didn't you choose the casa with the ‘X'Ashovidg?"
"Because the same hoiﬁs'true as with the 7', The 'X* could
have had a '6' on the bottbi, vhich could not have told me
anything, because it doesn't say it_can'i have. It is just
‘that the L' and the '6' are commected®. [X.B.]

mAlright. - Now, suppose there were an 'L! under the *7°¢;
would that lake ihe rule true or false?® i

w1t would make it fal<e, becanse 'Eyery card with an 'L on
one half has a '6' on the other half', and this one has a
17, i

"0.K. So if there could be an 'L' there, should we choose
to look there or not?n . .

"No%.

"!o@ have said that if there is an 'L' under there [7] it
vould make the rule false, but jet you don't want to look at
itee | -

l""lo, I vould rather find out directly and chéck vith the
Len, | | |

'llﬁight; nov suppose we look at.this ‘L' and find a *6?
under there, which vonid mean the rule applieé to this car@)‘

“
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nevertheless, if there is an ‘L' above the *'7', is the rule
falser" | | ”

"Yegn,

"So should we or should we not choose the *7¢7n,

"Oh, I seevwhat You mean. Ah... Yes, it means that even if
the 'L* and the "¢ are connected, I can't trust you t%
follow through uith the rule on the other cards, because it

~might not be son,

"0.K. So nov would yon 11ke to choose the 'L* and the '7'?"“

"I thxnk I would choose the '67, and see whether it has an
'L* above itn.. '

"Do you mean in addition to the 'L' and the '7!', or in addi-
tion to the '[ onlyz?¢

"Oh, I see. 'Every card...t [irrelevant renarks], if one
card does hnot 1ndicate, then you have to see all four
cands" |

_ "A;tight; noﬁ, let's take the'case of the ‘X' first of
all... Now ve are thxnklng about opening all four. If
there is a 16 nnder this 'X', does that verify the rule, or

does it fa1s1fy the rnle?"

"It does neither: the tule does not Say aan 'X' cannot have a

'6' underneath it, but an 'L* must have a '6'"v,
r0. K. Now, we vere looking at the case of all four. Do we
need to look at this-one?" k -

"I don't thlnk so", [said in an offhand, confident nanner,

having apparently forgotten that she had jnst before. select~‘

/

ed all four cards]. - -

D
e i -

LS4 SR
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“Right, now we are back to thqse three, and in this case,
wii! the '6'“shouing-..?" |

. "It must be an 'L'M.

"Suppose there is an 'X' above the '6'... o

“That doesn't invalidate the rule"™. [ Proapt, and very
cléar, as though S has insight case by case].

"That does not invalidate the rule? Now, the question is
wvhether the rule is true or false for all the cards. If
this is an 'X* it does not invalidate it?..."

"That's right",.

. M... and if it is an 'Lv'?...n.

"Then it validates it".

"Ié there any point, then, in looking at this cardz?n
[Experimenter is now clearly *leading"].

"Hell, if you ate trying to find out wvhether the rule is
true or not... [pPause]...  What's happened to my intuition
ﬁhis'morning? I don't operate on the ‘basis of logicr",
[taughter].” S continues:

“You're right, > . wouldn't matter what's in the top half.
But this one is diagmostic, it has an 'L' on it, it.nust
have a ‘6" 6n it.n

“"Alright let's take a look at the 7%... n

¢

Subject 3. Male Commerce student. Showed complete insight
in the transport problem, with correct reasoning clearly
illustrated on the tape. However, the folloving shows his

loss of bearings with the abstract problen.
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,d chosen to look above the '6' only:

"I guess 1'd like to look at this one ('6') and this
(‘L*)... [Reads rule again]. Well, I don't want to look at
this one {(*xv) ... [Great puzzlement - reads rule several
times]. It's Just the vording - it's quite 51111a to ano-
ther one [proble-] but not quite the sanme. I'a liké to
check fhis one too ('6')n,

"0.K. How about the one With the *x¢ exposed?"

"Well, if the X had a '6', that vould also coatradict the
rule. And I'11 say that about this one ('7') too.

"So you'd like to look at all four of those cards?"

"I guess son,

"O0.K. Now let ie ask you... Suppose there were a 17 under
the 'X'f Would that make the rule true or false, in this
case?" ‘

nIf therg was a '7'2? - gell, it vouidn‘t Say anything aboaut
© the rulen, /

“And if there were a '6°' there?"

"That would make the rule incorrect",

"Would you read the rule again please?"

[Reads aloud].

(E:’ "Sc if we have an *X' here and a '6" here [sanme card]
“wha. . - caat tel’ 1s about the rule?w

nIt de .t szy .« th. 3, does it? - because we're only
Cconcerned with cards vith 'Li on thea™.

"So jou vould ifke to chaage your lihd, vould you?n

(Affirsative mumble]. "Now, this case with a *7v. Tf it
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had an "X*, how would it affect the rulez?"

"It wouldn't say anything either".

- "And if it had an 'L*'?"

“Then that would have an effect".

"Now if this ('6') had am 'X', would that maké the rule true
or false?"

"Tt wouldn't (sié), because we are only concerned with an
*L*w,

“And if it had an 'L*?"

"It would make the rule true.

"So should ue,look at this case or not?"

[ Reads rule again]. "No, it wouldn't" (sic).

It is difficult to appreciate that this subject has
only minutes before shown complete insight on another prob-

L 4
lem, and explained his (correct) reasoning quite clearly.

i/

/}{gnbject 4,

e

The responses of this subject showbnost clearly how
inadequaté a ﬁicture one would obtain by taking subjects?
_initial responseé at face-value, perhaps si;ply coding ihel
'stindlus-tesponse' fashion, instead of the using the (ad-
nittedly imperfect) 'clinical' approach adopted here.

The subject, apparently a lature and calm persomn, res-
ponding, initially at least, in a considered fashion, appar-

ently shows complete insight in the second and third prob-

- e
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| lenms (and vhich are indeed scored as such in the preéent
author's scorlng—syste-), but yet shows under*questioning
that she is not in fact Cclear on the basis for her ch01ces,
and vacillates greatly in the subsequent dialogue:

[S has chosen to look at the bag below that with nuts ex-
posed, and the one above the.exposea knife - the 'complete
insight' case]:

E: Why did you choose the case above the knife?

S: If there's nuts in that one; then your rule is false
automatically, because there is no nutcrackef in this bag.
7: And the case below the nuts?...

If there's a nutcracker, again in-thai one; then your
rule is true, because there's nuats in'the‘top one and a nut-
cracker in the bottom one. | |
E: And you chose not to 1ook at the case below the
orange..;?

S:(‘iell, there's no nuts in the otange (sic) so it would be
fa1§e --.—ah, vell, it wouldn't give you any criter.oi 0 go
on, because there's no nuts in that_bag.

E: And above the nutcracker? You chosé'not to look in that
bag...

S: Well, for the‘first tvo cases [ indicates the knife and
the nuts pairs] - if you can see that, thei this one obviou-
sly, if the rule is true, that bag has to contain nuats.

~B: =~ but you remember you did ask if7it cén be true in one
case and false in another [in the first experinent, Qith the

letters and numbers; the experimenter inadvertently gives a
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hint here of the parallelisa between the cases, but this
| degree of 51-ilarity vas either already Clear to the sup-
ject, or she did not notice].
S: Oh yes! fThat's right. (Mumbles). Then that one coulg
contain nuts, couldn't it? Yeah. 0.K. [Liéht laugh ].
E:  You'd like to choose that case as well?
S: Yes. oOne would wvant that case, because if there are
nuts in that bag, then your rule is true for this case...
E: And if there's an‘orange there?... [Heutral tone ]
S: Then it's false. _ |
E: Alright. [Pause]. Let's look at this one a little bit
further. If thet‘s an orange in this bag, above the nutcra-
ckers, then the rule is false? |
S: VYes. _
E: ®ould you read the fule aloud, please?
S: [BReads. Repeats sotto vode]. \50 that means that that
bag vwould have to have nuts in it, if the. rule is true.
E: It does? [Pause]. Let me ask you tﬁis question: what
does the rule Say about bags with oranges in thenm?
S: Nothing. IVery prénpt]. Oh, it cogld have an orange in
it then, fcos it doesn't say that necessarily ~es for an
orange... there could be no nutgracket, or there has to be a
nutcracker.
E: So this one could have an orange im it?
S: Htanm. [Affirmative].
E:  And the‘rule would be, for this case...?

S: True.
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E: Let me just ask you one more question: if that rule
said, "Every bag with nutcrackers in it has a bag with nuts
above it", would that mean the same thing?

.S: [ Repeats rule}). Yes.

E: bThat Reans the-sale thing?

S: Yes.

E: Alright, no; here's a bag with nutcrackers in it. If
that means the same thing, we have jusf,said that a bag with
nutcrackers invit must have nuts above.

S: So that bag couldn't have an orange then. [ Volunteered,
vithout proapting]. (Sighs). It would havé to have... Oh,
boy [ Repeats rule; Pause, 45seconds]). '

It doesn't mean the sale; because there isvno mention of aﬁ
inverse rélationship in that rule... like, ... tﬁe invgrse

- relationship that you gave me would not relate (sic) really,
hecausé there's no switching-back relation [? - word not
clear on.tape]. If the nutcracker and the nuts wvere direct’
ly related, it would h&ve to say that "Bvery b&g'vith nats
-in it has a nutcracker below, or vice versa®.

- S. is ﬁov direcfed back to the letters and,nqlbers case, her
first problenm: | A |

E: ﬁov, once again, ftdn the léft, you chose to look at the.
L' and the '6' and the 'X'. Would you like to revise your
judgelent? There's the rule. [Presents rule, and reads it
aloud ]. |

,S: No.

E: You think that's correct?
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S: H'am. (Affirmative lulble;.
E: 'O.K.u Now, let me ask you-ahoué the case of the *X'. If
there vere a '6' below this *'X', would the rule be true or
false, just for this case? . |
S: [Pause]. It would be false.
E: Coéid you explain why, please?
S: #Well, it says that evéfy card vith an 'L' on one half
has a '6' on the other half, so for this [*X'] to have a *6?
| on it would prove that rule false. " No. ([Mumble. ..."Hold
on"? Reads again.]. Well, the '6' could be here anyway [ -
below *'X*]. |

E: It could?
| N

Vs

S: Yeah.

E: -so i£ vould not prove the ruleAfalse?

S: VNo.

B: Amnd if there‘vgre a '7"there; below the 'X*?

s: It wouldn't prove the rule false.A

E: Do we then need to look at fhe caéé of. the 'i'?

- 83 No. | _ .

E: Alright. So yon'd‘like to look at just the 'ﬁ"and the
vore C _ o

‘S:i Yeah. ’ N ’

E: Alright. Now let's éonsider,the case above the '7'. If
there were an 'L' above the '7¢, would fhe rule be true or
false for that case? | | |

s: It vould be false;

- E:” Should we then choose to look at the case above the '7t?
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S: ‘Ies.

E: So you would like to look at fhe fL' and the '7¢ and'the
1617 |

S: [Pause, about 10‘seconds]. Yes. [Uncertainly].

E: O0.K.

S: Yes.

E: Right, now let's look at the case above thé '6'. If
there were an 'X' above the"6', would fhat make the rule
true or false for this case?

S: It doesn't apply'to the rule. 'Cos, ah... ( Reads )
«een0. If there w;s an 'X* on that card, ‘then the ruie
would be false. |

E: u:ight.' An 'X' vith this '6' makes the rule false?

S: _H'mn. (AffirlatiVe).. '

E: 0.K. Then let's consider the case with an 'X' and a '6¢
hére [ the case with the 'X' exposed ]: wduldn't that make the
rule false, tﬁen? |

[Pause]. Yeah, it would make it false.

7)) ‘
(1]

E:' So, you think‘ve should look at allyfonr cards, do you?
[Very gently ].

S: Yeah. (Thén,»Qniétly, "I don't know". Mutters rule).
Yes. l

E: We should? 0.K. Does this rule mean the same ﬁs "Every

A

card with a *6' on one half has an *L¢ on the other halfn?
S: H'mm. (Affirmative).
B: It doés? So if a card has an *L? on one half, 1t's qo

to have a '¢? on the other half, and if a card has a '6' on
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one half, it must have an 'Li on the other half?
S: [ Reads aggin]. Yes.
E: O0.K. What does the rule say about "Xx'gn?
S: [Promptly] Nothing. It says that an 'X' can either have
a seven (sic) because, for anm 'X' to have a '6' on it, would
make that rule false, so the 'X' can only go with a '7' if
that rule is to be true.
‘B: 0.K. Let_-e nov present you with two separate sentences
- nothing ﬁo do with this - anmad asg you about ihe relation-
ship betuéen thea:

A dog is an animal wvith four legs.

An animal with four legs is a dog.
S: ©HNot necessarily.

E: They don't mean the same thing?

S: No.
B: A card with an 'L' on one half has a '6' on the other

half.

A card with a '6' on one half has an 'L* on the other

half.

S: [Without a pause]. FNo, 1£ dbe#n't necessarily leaﬁ the
same thing. o .

E: ggl,a_cﬁrd vith an *X* on one half have a '6' with it?
sz !ep.ﬂkflo hesitation].

‘B: You're sure?

$: VNo. [(Laughter].
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E: O.K. Thank you very much...

Subject 5.

This subject indicates on the travel problea the kind of
responses one would 'expect' a reasoﬁable person to make.
Her perforlanceiin this and the rule-finding task was unu-
suaily good. S. vasva P.D.A.D. student who had a degree in
Fine Arts "allos£ entirely in Danée".

E: Why did you not choose thé caée of tﬁe car, N.?

S. Well, it wouldn't have mattered wvhat city you went to by
car.

E: And Calgary...?

S: We're not concerned with Ca;gary.

E: And why did yon'choose 'by airt?

S: Because Lethbridge there would be incongruent with the
rule.

E: And you chose Lethbridge...?

' S: Because that would show it true or false.

We nov turned to the first test the subject had tried,
the 'concrete!’ case, in vhich she had selected *nuts* and
‘nutcrackers' - the/'no insight' choice.

" E: Would you like to consider again your first choice on
ﬁhis problem, N.? You chose nuts and crackers last time.
Here is the rule... Do you think»that was correct?

S: VYes. I'd choose the nuts and the knife.

E: Why is that? | |

S: VWell, ve only aneed 106; at the nuts in the foodsiuff,
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the orange is out.
E: And vhy not the crackers?

S: Well, the nuts are the predictor; it does not matter

vhat is with the crackamfya“:nd if there's nuts wvith the

~.‘ q".' ]

S. was tben ;;'1 g}der bniefiy her choice ('L°*,

A o

'*7¢) in her second % ’”4She sizd "It's O.K. I'a only

interested in dlsprovingri&b(rule" This was.sald quite
wvithout emphasis.

{This sdbject in subs;quent conversa .on showed herself
clear-thinking and level-headed -~ by no means universally
true. Despite extensive prior experience - shé had taught
dance to young children, and to mentally retarded children,
and had supervised for a year the running of a day-care
centre, she had had difficulty in obtaining admission to the
" P.D.A.D. prograa because of her ‘curious' academic back-

ground; it was apparently thought that her critical facul-

ties might be insufficiently developed].

Subject 6.

This subject illustrates again the sometimes. fleeting
quallty of lnsight in this proble-. S. had chosen the 'L*
and '6' in the abstract case:

E: 'B.' has just said she has just thougbt of something she
hadntt thonght of before. wOuldxyou like to tell me what
that is, please, YR*?

S: That these [*L*' and '6'] are the only tvo cards that
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could_possibly have thg *L* and '6¢ together, because I see
there's no ‘L' on this card ['X'] and I see there's no '6"*
on this card [*7'], solﬁy a process of elimination that.left
only thérivo cafds. )

E: You iaveltold me vhy you chose 'L' and '6'; now let me

ask you about the one with a '7' on it.  If there were an

‘L' on this card, vould the rule be true or false?

n
.

(Promptly) The rule would be false.

Eﬁ Do you then have to 1ook'at this case? ¢

(Pause). No. 'Cos it has to have the !¢ to be true.

( Reads rule again, alouQ]. So you actually yogld have to
See that one; ‘cos if it does have an 'L! it shows that it
is false; E: O.K. You are now changing your mind? 7You
are saying that the ‘L' doesn't necessarily have to have a
'6' with it?

S: Yes.

E: 6.K. Let's look at the case of the t'6! here. - If that
card had ap 'X' on it, would the rule be true or false for
that one cardz |

S: It's irrélefant.

E: O0.K. 'And if it has an 'L' on it?

S: - Then it still déesnit prove anything; it just shows that
so ¥ar, one part is right, but it doesn't Prove that that
“ule has been taken into account.v. I couldn't know, wvith
just that card, that the rniegiértrne. | _

E: Would you then want to look qt‘tiat card with the '6' on

it?
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S: H'mm [Affirmative]. Er, no, I guess it wvouldn't matter,

no, that one's irrelevant.

(The wvord "irrelevant", of this case, rarely comes naturally

to subjects].

E: Could 'you explain why, please? |

S: Because if it has an 'L' then it's true in this case,
but not in all cases, but if it doesn't have an ‘L', then
it's irrelevant, because the first factor is that it have an
"'L* om it.

This subject, apparently haviag gained complete in-
sight, then turned to the foodstuffs case amd promptly re-
jected the 'kﬁife', the critical choice. Furtheruoré, she
cﬁanged her aind twice as to whether she needed to look

above the nutcrackers - the case analogous to the '6' in the

~

above.



APPENDIX III
4
Protocols from the Bule-finding Task. ‘
Subject 1.
This subject, whose protocdl, though short, is not per-

fect, demonstrates some of the difficulties of scoring these

responses.

2-“46“

1-3%5 | Differences of tuo.k

4-6-8 . ' pifferences of tvo,“origin unilportant.\

3-6-~9 : Eveﬂ'spaced, not by two.

2-4~8 x " . Not equal dlstances.

1-2-3 ' ';f.nLoHer to hxgher. [ Note that here, -
. | | S. sa{svthls, but is not testing it; he
) ) is probably anticipating:]

1-3-2 ) h[uo comment ] ’

1-5+69 , No other relation. i.e. same relation

does not hold from 1 - 5 as from 5 - §9.

The Subject at this point anmounced the corréct rule,
k
but had not tested negative nuabers, rag;onal, 1rratlonal

and transcendental nulbers. S. wvas a mathematics major
‘*(P.D.A.D ), and had no difficnlty vith the selection t&sk

Be paused for some time after '1-3-5' and then said,;a?- I
. §

to do this in the linllul nunber of ch01ces?" s
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Subject 2. &~
S., with a background in geology and physics, had great
difficulty with the selection task. Here he shows a mixture

of good and poor strategy, Hlth the apparent need to

'confira' his results.

2-4-6
8-10-12 ~ Even numbers with a difference of 2 bet—
| ween Ehen.
14-16-18 As above.
50-52-54 - As above.
1-3-5 Three numbers, n1, n:, w3, with n2-n1=2:
| n3-n2=2. . 771
11-13-15 - As aboye.
4-2-6 g Given %hree numbers so when rearranged,
(if needed) they would be of the fora
< N2-N1=2; N3-N2=2.
6-4-2 [¥o comment]
5-3-1 . Increment of two increasing;
2—6-10 [ No conlent]' '
‘ 1—16-19 }b [N6 comment] .-
| ;Gigéyfﬁé, .;' .[iOKCOl!ent] = )
é@;ré’il '1ﬁ’1 o Trying to eleminate [sicj pOSQESilitY'Of
.:}{ ; having constant dulber betﬁgén any two
;;15 ;J . numbers in succession.
2-8-12 _' L As above. Rule announced. -

This subject demonstrates the conlon reluctance of lany

subjects to give reasons for thelr choices. We also notice

iy

<

-t
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that his first negative example, 8-2-6, was 'accidental' in

giving the clue to the ascending order.

Suhject 3.

© #This subject found the 'Siamese cat' fora of the task easy,
y ¢ - ~_k‘<‘_\

]

yet was not especially atypical:

Siamese cat p et N

German shepard doé‘

5 . Kind of animal [ - but we notice that

country is still included].

horse e animal.

gopher Wild animal.

car : machine.

pencil . inanimate object - not animal. [s.Asaiq

after. 1at she meant 'not mobile! alﬁo]

Subject 4.

This P.D.A.D. student had time for both forams of the
test, and showvs the‘difference in the§tQ}ative difficalty of
the two. ' | o P

Siamese cat

Y

a chair- to eli;inate gnimate objects.

a iion, =~ to establish tﬁe category of the exalple:
a fish ;_ As above. L

'a bird - ~ As abdve

‘a déSk:; Wy As’aﬁbve

A tree = . As ahove. Correct rule announced.

LY I
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We notice that S. was ‘changing his hypotheses', but

not implying this within his ‘re: sons'.

The : -ric case: R
2-4-6 | Wh
8-10-12 increasing the first number in the set by\
increments of 2.
7-9-11 . No éonlent.
2-8-16 The numbers must be all even or all odad.
\/J Asked if he was saying this as 'the
/ rule', S. said he was.
-2),(-3),(-8) - l@f_‘reason.
(;2),.(—3), (-6) Rule: The numbers must be positive num- v,
~be:s. |
102-104-106" "No real reason'.

fone-third» -half, -quarter o
eliminate fractions. v |
;eRule: wvhole numbers aﬁove ze;o;
0-0-0 eliminate 0. i
2-7-6 ~ One, to establish the hiearchical [sic])
nature of the seqhence[? S.'Pfobably
”} ’ ieans ‘ascending'; bui-quite vhat the
‘one' means is'net clear ].
2¥8f§ io':eason. Rule ‘announced.
After learninglthat 'O—O-b' was wrong, S. said, "I'a
eliminating things uholesale here, and I'l not elimirmating

thea properlyﬂ Thus, he recognlzes the importance of eli-

llnating elelents, and had used this st;atggz v1th the

..a
p

e

‘-'4

-
|-
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'‘animal' task.
Subject 5,
' S. had a 'double major' in Fine Arts and Urban R

Sociology, and had‘perforled vell above average on the sel-

ection task. The task took her 13 minutes, and her strategy
is almost optimal. The Previous subject (numerical example

above) took 35 minutes.

Siamese cat.

Lion . Cat family ‘ : »
animals with fur. As above. Experimenter asked for parti-

cular exaample, Yielding the non-cat res-

ponse: S oo
bear with fur. ‘ inéludes’lore than cat family. <%
horse | noiréason given.
monkey No reason.
Eagle - 2 legs. " To verify that it includes more than Jjust

those animals vhich could be found inla
Zoo. On learning correct, S. wrote im,
‘®jncludes nore'than only 4-legged
-aniials". |

Rule: C1a551f1cat10n includes all animals
whlch have at least four legs, and d;—
flnitely those uhlch have tvo. When

asked, S. said she 4did specifically ex-

- ©Cclude snakes and crawling things, but
. *@;@ _ ‘ _



snake

fish

N
amoeba

giraffe

-
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added, "Now I know what I forgot to ask".

»

has no legs - it crawls.

to check whether animals live only on

land.

to check size.

AL [N

oy Ay

to check size. !
Rule announced. S. said that 'picture of
an ape on two legs broke the four-legs

association'.



APPENDIX IV

The Reasoning Tests@k

Presented to the 'Logic in Teachiqg' Class.
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Syllogisms Test,

This is a test of the ability to tell the difference
between good reasoning and bad reasoning in a very limited
context, - |

Some people find syllogistic regsoning difficult,
others find‘ii easy. If yOgﬁgghd'it difficult, do‘the best
you can; everyone can acdonéiish soiething. Please: work
carefully through the 'éxanples, but do not start the test.

until asked to do so.

1
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Iwigné and examples.

Each item consists of two statements that are followed by
four conclusions, It ¥ill be your task to examine each pair
of stﬁkelents, and to decide which one of the four given

conclusions is the correct cpe. "

RHere is an examgple:
- NOo birds are insects,
All swallows are birds.

Therefore:
- As No swallows are insects,
B. . Some birds are not svalloyws,
: Ce All birds are svallows.
> D. No insects are birds.

Since insects include B9 birds, and birds include
swallows, conclusion 1A is correct, You would therefore
circle the 2 against the correct conclusion, -

Here is another'exalple:

All loans are profitable. . ,
Some lcans are investaents. ' A

Therefore:

A, A1l profitaule things are
investmente, . :
: B. Some profitable things are loans,
.Co Some investments are profitable,
-D.  Some investments are not profitable,

Investaents include some - loans, and ALL 1loans .are
profitable. Therefore conclusicn C is correct,

NOTICE that a correct sclution is derived from both
statements, and froa those stateaments only. A correct
conclusion is not Jjust a repetition of the contents of Just
one of the statements, nor is a correct conclusion based on
information other than that supplied by the given
Statements, ’

Please do not turn over until you are asked to start.

You will be given téh~iinutés for this test.
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A.
B. .
c.
D. .

A.
B
C.
D.

k!

+ Do,

4,

A.

C.

D.

5..

A,

B. .

C.
D. .
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¥o footkalls are roand.

All handballs are round.

Therefore:
No handlkalls are footballs.
Some balls are not roaund.
All handballs are balls.

Some round things are nct footballs.

No salesgment are bashful.
All hucksters are salesnmen,

Therefore:
Some salesmen are not hucksters.
No hucksters are bashful. '
All hucksters are brash. ‘
Some bashful individuals are salesmen,

211 little girls are cute.
Some little girls are fat.,

Therefore:
Some little girls are not fat. ,
Some cute individuals are not little girls,
No fat little girls are cate. ) :
Some fat individuals are cute.

No educators are stubborn,.
A1l teachers are educators.

Therefore:
No teachers are stubborn.
Some educators are teachers.,
All teachers are reasonable, .
Some| stubborn individuals are educators.

Some novels are classics,
All Classice are recoamended readings.

Therefore: :
All novels are recommended readings.
Some recommended readings are novels.
Some cl¥Assics are not novels.
Some recommended readings are nct classics,

-

o Turn over.



6.

A.
B.
C.
D.

A,

Co
D

B.

A,
B. .
. Ce
D.

9.

A,
B.
C. .
D.

10.

Ao

B. .
C..
D. .

All fire engines are red,
No hearses are red.

Therefore:
No fire engines are’red hearses,
Some red things are not fire engines.
All hearses are black.
No hearses are fire engines,

All divers are swimmers,
Some divers are sailors.

Therefore:-
Some sailofs are swimmers.
Some swimmers are not divers.
All sailors are swimmers,
Some divers are not sailors.,

No railroad engines are airplanes.
Some railroad engines are coal-burners,

Therefore: .
No airplanes are coal-burners.
Some coal-burners are not airplanes.
Some railroad engines are not coal-burners,
No airplanes are railroad engines.

All citizens are voters,
No minors are voters.

Therefore:
Some citizens are minors, _
A1l minors are non-voting citizens.
No minors are citizens.
Some voters are not minors,

a3
All artiste are creative. ,
- Some scientists are not creative.

Therefore: .
Some scientistguare not artists.
No artists are ntists,

‘Some creative ipdividuals are not artists,

Some scientiste are creative, ' 7

&

&
Turn over. .
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1.

A, A
B.
C.
D.

12,

A,
B. .

. C .

De

13.

A,
B. .
C.-
D.

14,

P
B.
C. .
D.

15,

A.
" B..
C..

D.

No executives are timigd.
A1l managers are executives,

Therefore:
All managers are timid.
No timid individuals are executives.
Some™executives are managers,
No managers are timid,

Some chisels are dall.
All chisels are tools.

. Jherefore:
Som®, toals are dull chisels,
Some tools’ are chisels.

Some tools are duill.

Some chisels are not dull,

‘ L
No territories are self-governing.
Some islands are territories,

Therefore: .
Some territories are not islands,
Some islapds are self-gcverning, .
No self-governing areas are territories.
Some islands are not self-gcverning,

All primates ‘are apes. ’ )
NO apes are monkeys.,

Therefore:
Some apes are Primates,
N¥o monkeys are primates.
Some primates‘are not BCokeys,
Some acnkeys are pot apes,

41] soldiers are men, : '

All sergeahts are soldiers, CSi\
Therefore:

All sergeants are men,

Some soldiers are sergeants,

Some men are not sergeants.

Some sergeants are not men, v

. -
- Al g
(A N T oy

Turn over,

EY %‘F

L

herel ng
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A,
B.
C..
D..

17..

B. _
C. .
D.

18,

A

Co_

D. .

19..

A, .
B.

=3 Co ."
D. . .

Al
B. .
,c..‘

De .

Some workers are productive individuals,
All p:oductive individuals ‘are assets.

Therefore: .
Some productive individuals are not workers,

A1l assets are productive.

Some vorkers are not assets.
Some assets are workers,

Some engineers are designers.
All engineers are graduates,

Therefore:
Some designers are graduates.
Some engineers are not designers.
Some graduates are engineers.
All designers are graduates.

A1l mistakes are érrors.
No solutions are errors.

‘Therefore:

165

Some errors are mistakes. | -

No solutions are mistakes,
Some errors are not solutions.
Some soluticns are not mristakes,

Fo generals are youngsters.
Some soldiers are youngsters.,

‘Therefore: ,
Some youngsters are not goldiers.
Some soldiers are not generals,
No;soY¥diers are generals.
No generidls are soldiers.

No businessmen are federal employees.
Some businessmen are gamblers,

Therefore: ‘ '
Some businessmen are not gasblers. )
No federal employees are businesssens
Some federal employees are gamblers, _
Some gamblers are not fed%;al employees,
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Reasoning Test.

FORM 3

Thié booklet contains two sets of tests,
Pa “I has two tésts, Part II has 6 tests. ¢

: s )
You ‘are strongly adviséd not to £pend more than 13 - 15

sinutes pn Part I.

If you finish Part I'before this time, carry on with Part
II; you may have time to return to Part I later, if needed.

You will be given 35 minutes for the whole tést.,

The items should be attempted in the order given, as in each
part the harder tests come tbvardswthgrend. Hovever, do not
'spend.foo much time on any ope question.  Pass on. to the
neit'itel, and réturn to the previous one latefiﬂif.yon have

Atile.,

Ibank you for your cooperation..

-
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PART I

l.. John .Huggins was found shot dead in Church Street at
1.45p.m. He had two known enemies, Bill FProgger and. Jack
Toper. The doztor says it could not have been suicide, and
that Huggins diéd between 12.30f.m. and Tp.m. the same day.

Frogger vas seen running from Church Street by two reliable
vitnesses at 1.10p.m.; Toper vas seen by two reliable
witnesses two miles from Church Street at 1.10p.m.; and
Frogger was seen by two other reliable witnesses in a tavern
one and a half miles from Church Street at 12.30p. n.
Neither Frogger nor Toper had any means of transport except
their own legs. The maximum speed of running for each was 1
mile in 8 minutes, ~ ‘ ’

Assulihg that none but the two named could have’

committed the murder, underline what mugt . be true in ,the
following statements, cross out what Bust be false, and put
a question mark in the box by those which may or By not be
true, _

Frogger (a) was the lurderer-....up.nou..-...__
(b) could have been the murdererececesas__

(¢) could not be the murderereie,e. .,,_ -

Top_er:\-f ,_(a) vas‘ the lnrderera....,.,o.'...c'-_- eveee__*
-.*(b) could have been the,lurdere;.;g....._;-
.{(c) could not be the BUrdererecvece seeso__

3 '.\
AR

L3

2. There are four towns, A, B, C, D, A is the sanme
distance from B that B is from C, and C is half ‘' that
distance from A. . ' : A

D is the same distance from C that C is from a,

Is 2 nearer to 'C or to D, or the same distance from
each? ‘ : ‘ '

Diagtans may be used. .
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PART IIX

Examine the following arguments and state whether they
are sound or not. You wmust assume first that the given
premisses (i.e. the statements underlined) are true. The
problem is, in each case, this: granted that these
assumptions are true, is the other statement necessarily
true? If you think the argument is sound, underline "Yes"
and cross out "No"; if the argument is unsound, crass out
"Yes" and underline "No®. '

. If you say that the argument is vasound, show which of
the sentences (i to iii or ip) given below that argument,
gives the best reason why the conclusion does not follow
from the, given fremisses., Mark your selected reason with an
X in the blanks provided.

: You are advised first to decide for .your: anether
the arqument 1is sound or not, H%fore,exalining .easons
given below it. EIf the argument is sognd it is obviously
useless to examine the reasons which follow it. '

Remember that you Bust assume that the underlineg §3i§i¥,§

‘are true. 9

—— e e Wt

NOTE: Marks will be deducted forqirong ansuers,Jsd that mere

guessing is penalized. s

s
Il

o



3. 9311 sucgessful gﬁth_;s are ipdustrious. Johp Saith
is an industrious aughgr. r"herefore he, is or will be a
cessf

suc al author!b

\ . Q{

(1), % 1is not ue that all successful authors are very
industrious. ®

(ii) The fact tbhat al uccessful authors are industrious
does not iqg} at all industrious authors are suc¢cessful.
(1ii) .Some ssful authors are both industrious and

Clever. , .

Yes. No. (i) '......¢:(ii) o.o\;i'qo (iii) ALK ER
vy . ; \3% "

4. “Nome buy s'vdfs for fr. B. A1l gag ‘¥ote for
Mr. B “are ten-potpd g}i¢;§.‘ Therefere” bne but Vhlgs
are ten pound householders" T,

o t A . u‘ -
e

(1) Only Whigys vote for ur. B, yet all thgs~ need qot do

: this, so, that- there - may be Whlgs who are. not tenvpdund

hyu -: holders. : . -

A

;(11) All those ‘who vote for Mr B, are both whigs and ten-

pound householders, yet there lay be ten-pound househplders

vho&do not vote for him, and hence. need@nﬁt ‘be thgs. .
\ ~

(111) E en if none but" ten-pound househeiaers vote for Mr.
B., a¥’ is not tb say that some " of the ten-pound

householders do not vote for his opponent, and hence are not
ihigs.ﬂ% ' i o Wl

(iv) There ‘may be voters who are not Whigs; yet who vote for
Mr B. on personal rather than on . political grounds,_ and
these will also be ten-pound householders.. ) _

’

Yes'. "~ "No. (i)coo..)" (ii) o“;ouv‘o.(ii’-li)‘eoooooc‘iV)obooooo

. S

N
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) f | |
5, ) he’ gtudepts are si&hes in...&:i__§ or
iatglliggnt- E industry or iptellidence will epsure

_gggg in the g;g;iggt;_n. So all the students ¥ill pass
he exa-ination . ‘

(i) This conclusion is incorrect, for a student may fail in
the examination through ,, misfortune; for instance, he may
feel unvell vhen the. exaninatﬁpn takes place. v

"(1i) A student nay be industrious 6r intelligent, yet may be

disqualified in the exalination for,hpd conduct ‘€9, copying

from other candidates, ° ,“&
{J

(iii) Etbher industry or’ inteX lone surely
insufficient for . a $uccess. A eo!binanon of the tv?
needed. ; -

K3

(iv) If a squent is neitheg ndustrlous nor vexy
intelligent’ #& 'may pass if by od fortune he is asked
questiong,ggnring on the little ‘knovledge he haﬁ.

&
- 0 v g 4_
Yes, ,. 'NOc (i);.‘o‘&u. (ii) 0,."90.00,(iii)‘.oooee:ii') esecv oo
:'\’"‘i"i’}‘e ) u.‘& (j . . : e S
6. "If all the accused were Imnocent, some at ldast
,wgu;d have beep acqgpited. We may infer, then, that none

wvere.innocent, since ggge hg!e heen acqui eed'._
IR U o {1 *. N

i) The ianocent@ Te - often‘ condennpd o suffer for the

gu¥ley, Conde ion is no proof of guilt, o ' : /

o

T

(ki) The guilt of some may have placed all in a bad 1i§ht;'h“e

80 that none vonld be acquitted.,‘»

(1ii), If only scme vould have bgen acquitted . in any case,
then some were not acqnitted then they ought to have been,

;j(iv) \lq?\;;e‘ only told . tha some of the accused would be
tte

acqui £ all were innocent.’ The number innocent may
have been less than ‘all, and so insuﬁficient to secure any
acquittals, -

-

!es;; . (i’oyloo,.(ii).011000‘111)0000!00‘iV,QQQQQQQ,

7., . = séldia:a §h991§ be h& inte the field who are
not well n.slitisﬂ 19 perfors gigfg none but yveteéraps

are vell therefore, none

s



1

~ conclude’ that only the Upnionists are Piotectionis;s.i

Ri) If only vete-ans were brought ine the field, young
soldiers woul® npever have a,chgnc~m;j,i5arn, and whengthe
veterans died " :re would be no one t&. eplace then. The
conclusion is " nerefore, unsound. e -

(ii): Soldier . todld not become veterans vitBout going into
the field as recruits, so the whole argument is fglse.

(1ii) It is a wisstatement to say that none but veterans are
well qualified to perform their part, since young soldiers
make up for their lack of 'experience by their enthusiasa.

(iv) Veterans may not be vell qualified to perform their

part for they may be too old, in which case the conclusion:

is invalid.

bl )

-t

Yes, No. (i) cesnes e (ii) sennesoe uii),'&’ oo (iV) 'voooo .;o
* V K] ’ ' = ' - ;
8. "Ia Iutlapd oply Comgervatives - and mot all of then
.} are Pprotectiopists (i.e. againgt free trade) ;7 only

t, kiberals - wand not’all of them - are Home Rulers: but both
“-altles (Conser¥atives and Liberals) contain surporters of

Yomen's Eranchise®.

It wAY be assumed that: , .
1.. No liberal is a Copservative; = .
2. -alk who agre pot ‘Protectionists are FErge -

Traders; , . ,
+ 3. all -vho do npot surport Home Rule are
ingaégs;-~ ’ : ‘

Lo 4 ’ ‘k"‘
~Ihis is all that is knovn about the views of the
putlanderss . - ° : ‘ o

, v, o ' ~ - .
Hence, viékathié infof;ation,, it would Lbe F;ggg;;ggg to

L4

v ¢ \d

¢ et = . K - . ‘ . i
(1) Unionists need not be Conservatives; they may be®
-Liberals, so that although Conservatives are Protectionists,
Unionists need uot be, T e

(ii) In the given prenisées, Unionists are foﬁnd only in the

onists cannot be Protectionists., -
< :

Conservatives musSt be Unionists. Asvonly Conservatives . -
Protectionists, it . follows that. oaly Unienists- ¢. s

" Protectionists. . .

Y

Q

ﬁeru Party which contains no Protectionists.. Thus ,

" 2 !,\ ‘ . . - . ‘ . .
“(4i4) Only the Liberals are Hoke Rulers.. Therefore all. the

gg';

)
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(1v) The questions of Unionism and Protection are entirely
independent of each other. Thus no conclusion can be drawvn

as to whether believers in Protection are also believers in
Unionisnm, .

Yes. It would be incorrect,
No. It uguld not be incorreéct: \
(i)'.‘....‘ii,ooiltil(iii)......l(iv)ool.OOO

*

o
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FOENM B

This booklet contains two sets of tests,
Part I has two tests, Part II has Sﬁ}ests.
You are tropgly ﬁﬂ ised _Bot to spend lore than 13 - 15

Lﬁ \? s !
minutes on Part I, v -

i «

.«";‘*

5 ' s ' ' S
.Ifayou finish Part I-befo%ﬁ%&his tlle, carry on ' with ' Part

II; "you nay have time to Leturn to Paqgwf‘lnter if needed.
You vrll be given 35 ninutes for the whole test.

Y

The items should be attempted in the order glven, as in each
,part the harder tests come tcwards the end. However, do ;ot
‘spend too much time on any one question. Pass on to the
hext itel,.and retnrg,fo the previous one lafer, if you have

, tlle., R

i
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PART T
1, At a dinner Mf A had soup, fish and cheese
. ' Mr B had sour and fish but. no cheese
Mr C had fish and cheese, Lut no soup.
~ _Nothing else vas eaten.or frunk. Later Ar A and Mr C
- develop food - poisoning.. (We have no report ‘'vyet about Mr

B .

v

. ,‘ B L e - Fd . } S
A " &

’Assuiingﬁthat the cause of the poisening was in the

dinner mantioned, . underline those of the. fodlowing

Stape

T

ments which are certaiqig true, cross out those “which

false, and put a ghe:

stion mark by those which may be
way, not Le true. ;. o ' ,

P " - -
L Y e .
‘». N .‘.
e L :

‘was - " R ‘ ,

_ (i) poison in tie soup °

(ii)
(iii)

poison in the 'cheese.
no poison in the f£ish

(iv) poison in the soup and the fish
(v) no poison in the fish or the cheese .

~ (vi)
(vii)

(viii) poisén in the fish and the cheese., 4

2.

pPoison either in the fish or in the cheese ) L -
poiscn in the soup, ‘the fish and the cheese” = - Ee

2

A. man left his ndney to his five sons as fcllows;

., f£ind the.schele or principles on which he divided the !Pney,
othe individual personalities not being considered. ~

To A,
To B,

To C,

To D,
To E,

" (Half

aged 35; with 2 children, and income of $400, he left $500

aged 40, uith3v3»children,-and income of $500, he left $700

aged 45, with 1 chilad, and income of $400, he left $600

-aged 35, yith . 2 children, and income of $600, he left $500

aged(BO, with no Eﬁdldren, and income of $300, he left $200
N ‘: .

marks will be avarded for a partial solution of this

probleam, i.e, if only one principle or rule is discovered.,

Por the full solution, precise figures must be given).

s
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PART II.
3. -~ "“Everyons is either well-informed the facts o

already convinced on the subject. No-ome cgh be at the same
iime both already convincgd on the subject and amenable 1o
arqusent. Hence it follows that only those who are vell-

inforled of the facts

(1) This‘ conclusion

can be amenable to argument".

is the converse of the true one, for

those who are well-informed cf the facts will be ‘sure of
@gheir ground and-so will not bé amenable to argument.

(ii) A man nmay be convinced on the subject, yet if a good
argument is ably put to him, he may alter his opinion.

- (iii) There is no reas
informed of the facts
there - may "be people

all.

(iv) The first premiss
well~-informed of the
subjert, and according
be amenableé to argumen

Yes. Nb. (1) eee

4, . "If you hfgh
understand, you will

A}

on wvhy everyone should be either ueil-;‘

Oor alrsady convinced on the subject;
vho. Wlvd never heard of the subject at

'A\N .

is i ‘lear, for some may be both
facts ‘and already convinced on the

t.

sees (iis) c'ooo‘o.og (iil) eeveonee (iv) seeesee

e on a subject which you do not
prove you:self;%?ﬁool; for this is a

mistake fools always make®,

(1) The statement is n
Only one ~haracteris
. fool only becaug&dgq
reasons too, -

~(ii) This argument
‘able to argue on a sub
~ without giving himself

(iii) It is not 1
because he acts like /o

(iv) Although fools al
.stated that all ‘who
others who are not £oo

L4
i ‘ : . . -
Yes. . ‘Ro (1) ee

R o v P ' :
;o.o-“ii) o_f'nBQQ (}iii)"_rooooé (}')OQO'nyoo.

. .~ A TR
: e e S W1

ot Mufficient to ‘define "a fool", -

tic is given, and a man. may not be a.

sakes this wmistake, but for other
¢t wvhich he does not understand
vay, while a fool could not.

SE unsound, because a wise man may be

gical to conclude that a man is a fool
ne in this one particular instance, -

vays make this mistake, it is not

make this mistake afre fools, so that
1s may do so too., - - -

A

-

Lo .‘i"’-'

oo S

. -~
v
rwy

-

to the second premiss, these will not

-
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((iv) The. pAisses ‘are incomplete.

176

oA

5. “Ihis pampblet contajms seditious doctrines. Ihe
spread of seditious doctripes is ddfgerous to the State.
dn

Therefore this pamphlet must be suppressed",

(1) It is not stated that everything dangerous to the State
must be "suppressed, so in the premisses given there is no
reason for the suppression; and in any case it is not stated
that the pamphlet would spread seditious doctrine.

(ii) The spread of seditious doctrines is not always
dangerous to the State, for if the State is.stable seditious
doctrines will not affect it, '

A :

(1ii) The conclusion is inccrrect, for the docttfines in the
pamphlet may only appear to be seditious in the opinjion «c¢f
some people. -Others may not consider them so.

(ié} To suppress the pamphlet may not of itséff avert the

- danger. The doctrines expressed in it can still, be spread

verbally by their originators, so other measures-may also be
necessary. . - .

4

Yes, . ‘NOO_ (l, 4......(ii).....'..(iii)......o(iv);--.--.'
"6l . "Ne §gh92l221 cap be egpected; to understand
tonstitutjopal EistorY¥, and pome Dput schoolboys can 9§

expected to repesber dates; so that no one can be expec
both to remember dates and to understand Constitutio:

History".

A1\\ . ‘ » ) v » .. .
oo ,;?i)' We cannot assume that this conclusion is true. college

students may easily do both, for they are sufficiently
developed intellectually to understand Constitutional
History, wvhile they are not cld eno gh to have forgotten' the
dates they learned at school.: : : o ‘

i

(1i) One cannot say that no' scheocolboy can be expected>® to

understand Constitutional History. A boy who iS'intelligent

and vell taught may easily dc sc.

(iii) ~schoglboys shduld ﬂo£ belexpectéd to remenber dates

exactly, for this an unsound method of teaching History, . so

‘that the whole argument is invalidated,
' ‘ v L o e
No mention is made of

schoolgirls, who are able ‘tc remember dates as well as boys. .

. !es., FO. . (1, seenane ‘ii)‘..‘...._‘iii)‘-i'.QYQOOQ (iV) *e0sce
. - . . . o ‘ ; ——

/
-

c

’dg
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7. - ®Nope but those vho are coptented with their iot in

1ife cap justly be copsidered Dappy. But the truly ¥ige man
¥ill alvays make himself contented with his lot ip life,
and, therefore, it follows that he may Justly be considered
happy". :

@ .
(i) 2 wise man can force himself to be contented with his
lot in life, but the very fact of this compulsion will
prevent his being truly happy. '

(ii)  Those whe are not content with their lot in life are
often happy, for there is often more happiness in striving
to attain one's desire than in the actual attainment,

o

(iii) The fact that only those who are contented vith their

-

lot in 1ife can Justly be con dered hap does not imp.y
ethat all those who are cdjtented their lot are of
hecessity happy. 1y oS o :
. N ‘ }q ’é . o R
(iv) The conclusion mRay be truEé‘f?nof; it ' will depend on,

“"the standard of happiness,

ontentment and happiness are
not the same thing, . . .

Yes.f No, (i)'.'.l.l‘ii).'.....(iii)‘.",...(iv).i..QQ.

8- __."Ia Iwtland ouly Congervatives ; 22d Dot all of thes
p Y

~.. 812  Protectiopists (j.e. against €328 tfede); only
- Liberals - Bot all of them - arg Home Rulefs: but ‘both .
parties ( Lyatives <and Ljiberals) contajn supporters of

Homen's Franchisg™. -

7 It na) be assumed that: o
: J.. No Liberal is a copservative; 7
< - 2+ all w¥ho ate pot Rrotectiopists are Free
- Eraders; . ., o ‘ _ .
3., “all  who &b a9t support Home Rule are
Unionists.. > : ) -

f X

Ihis'is all that s kpowp apout the ¥iews of " the
Hence, with this information, it would .pe ¥ropg to conclude

that both Unionists and Free Traders are to be found among
thy supporters of Women's Franchige, '~ ,

Q(i)"The Literals who supﬁort icnen's'rranchise -ay'be.thoée
vho are Home Rulers, and the Conservatives Just those "who
. are ‘Prdfectiquéstg.__rhus there may-be neither Free Traders

. . . . .
LA . o,
. * i

EeA
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nor Unionists among the suppcrters of noien's Franchise,

(ii) Since all Liberals are Free Traders and all
Conservatives are Unionists, then there amust be both
Unionists and FPree Traders aamong those who 'support Women's
Frd®chise. o ,

(iii) The Liberals vho suppcert Women's Franclise may all pe
Free Traders, and the Conservatives who support Noman's
Franchise may be those vho are not Protectionists, so that
these supporters Ray be all Pree Traders,, - :

(iv) The question of Women's Ptanéhise is one whfch is not
affected by ccnsiderations of Unioni sm or ¥ree Trade, so
these considerations are irrelevant, N
A : @
Tes. It would be wvrong. _ .;;;M; ®
No. It would pot be wroqg;egﬂ;_ ‘ . 'vﬂwh ot o
) (i"l) LEN XTI (ii’ *evenee (iil)@q‘oo-c (17, IR WL N - o “%_,'g' R | -
Lo . Y] g;fﬂ ey
o N q\' '\lv/ .

.
124 "y .
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