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A mojor.contemporary area‘of,investigation'in the field of cognitive -

’ { S v ' E
development concerns the development of‘deductive reasoning. In 'deductive Vo
reasoning a’ particularly important focus of interest has been+the" condinional '“‘;ﬁ

' . - «

relationship,-i.e., if‘p then q. ,This interest‘is’warranted for the conditional |,

is central to. 1ogic itvself. As Braine (1978) and others have noted the PR
7,, “ . N
conditional is the sole logical connective that is, parallel to the metalogical

\

concept of inference.and is the “heart of logic." ‘The dovelopmental interest T

in the conditional relationship of deductive reasoning has focused upon the AT

I

questions of when the skill is acquired and how the_skill_is influenced by; “L-, Coe

- various task and situati al factors.

In the lan ge of logic the if p then g or conditional relationship
consists of two compon nts. The component ‘between the ifr and the "theﬁ" is 1 ) i

called the antecedent pX position or p alternative. The component followingﬁthe o

.

!

moviesy‘MS the consequent. What distinguishes the conditional from other @j_ e ¥
] 1 \ o H ‘ (."‘.
logical opErators is that its ant cedent implies its consequent._ It does not
. M-

\

' assert that its antecedent is true, but only that if its antecedent is true

',then its consequent is true also.~ It also does not assert that its consequent
.'“~,,.'@v'a R, .
‘,;ls truéb but only that its: consequent is true if its antecedent ig' true. The

a

‘b-propenmstrategy to employ Wlth respect to conditiohal proposm!ions or what is

b
° .

'also hnown as material implication is a falsification strategy. That is, in .
- ‘order: to reason conditionally, it is necessary and sufficient to understand \‘j'

P 2 . 8 .k-

;that thezp and q instances falsify the implication. Therefore, a test of an K)
1 9\.< .

. hypotheSis is its falsification with & counterexample. All-other cases will
prove material implication true. S T |
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. 5,‘ Piaget s;developmental theory as well as recent tmpirical work

/ { !

L such ﬂs that conductcd by 0 Brien and Overton suggest t-hat the compotence to .

7

¥ /
: rea;bn with cogditional propositions is first- cvidenced in adolescence. Piagct
. Y 3
. argues that Lo roa"on successfully requires the dovelopment of tho formal
'operational thought structures of the‘iNRc group. The theory maintains that T

J . K,

it is® only with the cooiginated transformations of formal operational thought
' r,,ﬁgf i

that ‘the ahility to reason systematically with logical relationships within~ a ‘

,'fJ complete propositional Systh should be expected. ~It is the formal operational

“ .

S

A

Structure that enables someone presented with the conditiOnal if. p then q, to

L] . -, N

- recognize both'the inverse, p and- q, and. the reciprocal if q then‘p, to the

Y .

K S AT @ ey R P o
logical'competence w7 _;i: \ K4 .- “‘_f‘i-i: RS f’vfﬁ; S \F i
s ‘ ] ‘d v‘.. EEDENS . - 4' ] B B ) ..‘.'A-‘l K “ v. ‘.!A e . .
.Thc_Wason;selectiqn'taskdpresented-a conditional reasoning,task
{‘.‘ 04

) conditional.. Indeed the hallmark ‘of formal Lperational thought is a systematical

i understagding of the. conditions w1th which the c0nditiona1 can be tested for j
its tryth or falsity,A . . .-Lb” [‘ T “.

Despite the eVidence that condiﬁional reaZoning competence is

- LY ’ »

.acquired during adolescence, a number of‘st&dies have shown that poor test

LY

r

,J,
performance often extends well fnto adult years.‘ Overton has presented a

"v“, . v . ot

general competence moderator - performance model which looks at the interplay

.- . «-

S

between the undeflying competence and various moderator variables'
e

hat mediate X

. ( e
ultimate performance. Thesermoderators refer to factors which 2
i | '

er, enhance .
e .__u

AN

ut::lization or are%inants of.’ errors’. ‘ The poor performan at extends

e into adult years has mo¥t- fre uently been found in what has been called the

¢

h-% » ' ‘rl 'l" N
‘a task designed to tap not spec1fically the underlying competence but rather-

e .l_.'v-"

'Wason selection‘task., Wasoniand Johnson-Laird themselves suggest that this lS P

‘jq.moderators of performanbe. As they say ...we were 1nterested in their lf‘{

‘40\ ., ‘ “"" oy “

dEterminants, the factqrs which goverged performapce and made it fhil to reflect
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’conSi sting ‘of Symbolic materials and affirming antoccdents and conscquontq )

to test performance on an implication rule, Subjocts were shown four cards

sditplaying on Lhoir facing sides,  a D~.an'F, a 3, anq a 7. ‘ﬁiven tﬁo

> N ]

R conditional.rule "If there ia a D on ono side o£ a cand, then thero is a. L4
h

3 on thc other," subjCCts were to tesL tho Lruth or falsity of tho rule. 'fa‘, ‘ -

l

e
KEEAN 4 i N

i

~

Performance on‘thisvseloction task resulted in.a dismal 10t_correct‘seloction“
[ v o . " . D . ‘." o

rate among intelligent adults. TWo errors werae common.' Although.mo.t subjocts J%

selected the p alternative, they failed to select the q alternativo und frequently
IQ ,
+ " selected the q alternative instead _ T k, 0
! ‘4 ! " o

" An important issue then is a question of the determinants of poor.,"

v

'l v

‘performanc§>?n this problem despite the fact that they’demonstrate conditional

reasoning on other tasks. Although a number ‘Qf alternatives have offered

- potentiai solutions to the problem, a current important, and actiVe area ef ]
ay , g .

research focuses on the semantic content of the conditional problem.
e o . - I , .
The specific aims of’ the present study are twofold First, cd&rently

there is: no available data witharespect to develdpmental differences on the
TR T .

‘ selection task. This study is designed to obtain such developmental data.

¢ 0

Second the study examined the rble of semantic content as a moderator of -
. Ty BRI o . .)‘."'"." e .
’ logical;competence.m.; e S f ' v ’,F' ot

Griggs and Cox, amqng others, have demonstrated that age relevgnt

\

) . v R . .
));f) semantic content cues relevant experiences from memory. This familiar content
‘ o

v . .

faCilitates adult performance on’ Wason‘s selection task. The meaningful T,.f}
< ! . EEIE A
: . e . y
semantic material chosen for this proyect was age-appropriate for the popuIatLon

N B R . “ o :.\l 0. | i .
studled 'f' L ?, ST R P Y
. BRI . S g . L i ‘ . P v e .o Lo ‘_.'.‘;7:. U

S N The §ub3eqts were eighth, ‘tenth, and twelfth graders, forty-ﬂbur ot
'.-.' R , M @ X . N .

é W
y from each grade level Five variations of Wason S, selection task were used to

',:’ ..-,

i. v

3 B assess condl.tl.onal reasoning. (PLI':.ASE REF%Q To»'mE. FIRS’I‘ HANDOU’I'~ AS IT LISTS E
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) o v - . o " R L . :"' o .'u l,\ " ’ B - bx"“ "'o}‘.."' .. . - ) o a A T ‘ Lo \ "_-'-":‘ .




. . ’ : ' ‘ " ‘.’ ' r
. ‘ »
N ! - X vy T \ . i “ . 1 ,
) . R . Vo o . W i .

. : X , . » ' I

THESE.FlVE VARIATIONS.) TI'nree of thoso problems employod meaningful contont,
. ! N N

Thcso wore callcd (1) tho Drinking Age Problem, (2) tha MoLor VOhiole/f :

@

I
Problcm, and (3) the School Problom. "The rcmaining two probloms wqre drawn ., %

-

dirocLly.from Wason and consisted of abs tract cmntont.‘ These wora tHa Vowal

- . i =

-
"

Problem and Lho Abstract Problem. ) ‘ . e

nach problem was pro ented on'a sepaxate page of a booklet.‘ Using

s

,( fo}lows. At Lhe top of each page ware four respon e alternativas, ]

‘depicted on cards. The subjects: were instructed that each card has informatibn o d,

t

¢ k .
relevant to a person sitting at a'table. For this problem, the'iLﬁorﬂationthvtl .

° AR
' “

L
‘on one side of a card is a person 's age and on the’ oﬁher Side of - the card. is~<i
. what the person is drinking\ Each problem has a conditional rule; here the
e - ) . , 1,

v

’ rule stateds _WIP A PERSON IS DRINKING BE@R 'I'HEN THD PERSON MUST BE OVER 21 "

The subject s task is to decide which card or. cards necessarily must be turned T

L , R - S
) over to decide whether or not the rule is being broken. . P 'f”'. o ‘@”§¢4
L . .‘ : . ¢ L /, Ry } :
} _ The correct SOlution,to ea%h prbblem involves selection of the. e

a N *

p alternative and the q altefnative because‘%ach of these altzrnatives and } ,
v%‘ s

only these alternatives can potentially dem&nstrate the falsi ying condition,i i ' {
SN | ; ‘QQ ' RPN
p«and not—q.“ In other words, turning the q‘card could potentially yield a-p’ '

alternative a d turning.the p card could potentially yield a not-q alternative L

and bnly the%e o ¢ards can esﬁabllSh deduCtlve certainty with respegt to fi

-

.

1

_Y'l'* J 4 .o - -,..g .
e the.question lS thesrule,being broken orf belng broken, _ o ’; "3‘ .
w P / . S T D N
SubJects were assigned to either an expér eqtal 6r cont&ogh e

I
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' ’ . ' = 3
i ;‘,, & '

on]/ tho two ubutract cuntont problunu. , , .

a ‘f An infflal anﬂ1YuiS of tho fivvlnoJecLion problemu revoalod a : S

"

diffcroncc %n pozformanco amonq the moaningﬂul contqgt pxoblcmu. Subjertn

Ny N\,
porformnd mor¢ poorly on Lhu School Problem than boLh thao Drinklng Aga Preblem .
and tno Mchr Vch}cle Problcm. P(&Cormance on Lho School Probloem. did nots ditfer

£rém. that on  either the Vowel Prolem or the Abstract Problem. Due to the L

. ‘\, :
5, . . «

,r?faet thaﬁthcischoollrroblem was\so_different from the other meaningful content ((//
problem and similar to the abstractiproblems, this task was not indludedvin

.
\ -

An inplysis of developmental differences

any develppmcntal analyses. .. -\ o t} . ' \
’ n mcanlngful content

ted in a main effect f6r grade, w1th only tﬁe %w@;fth gradels oerforming \

h o
. v . : .
eighth gr: d}’rs. AP B C AN

There were noAélgnjflcant-dlfferﬁnc between-the performance of

.

-

the experlmental group an the control group on, the akbstract content problems. s Ty

Thls sugqests/th///the effects of semantic content in performance ‘on the

" meanlngfﬁl\problems did not generalize to the abstract: problems. No eighth
S y o . -

grader prov1ded the correct response on elther abstract content problem. In
R “

»

the.experlmental condition thred tenth an\ three twelfth graders prov1ded SN

) v .
F;'correct choices: to the Vowel Problem while only two,senth graders and three ~

s
~

'twelfth graaers prov1ded correcL choices to thg A
3

-’m
ot
S -

ot Proolmn. In the

-

» o .
_control group only two c&rrect selectlons from each the tenth and twelfth

J "" : ’ SI - R
. =~

vgrades were glven for each prdblem. ff" Lo T i
! I : &ou . : . . . -

S For each problemitheré were 16 p0551b1e selectlon comblnatlons, : 'i" ~

,o L . .

- that 1s, each alternatlve ‘and aIl poss1ble comb}natlons of the alternatives,

b f ¢ i
S

Tme c’orrect response, the 'g and, not-q selections, occurred fnore frequently

than expected by chance for each of ‘the meanlnéful conﬂent problems. This .

correct 1esponse gomblnatlon vas chosen s1gn1f1cantly more often than other
'r,.?-.' o . ] I |

~ KN . : . . . ’ ' o .-
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ombinationu acxorn grade Jov?ln !or the Urinkiﬂg Agu Problem, The developuental
difforqndﬁsformthawproportion correct fo¥ this problem is belween tha oigﬁth ‘
Jand/}wgié w;gédpa.'ivho correct solocthflcombination for LheIMotor Vehitle
Prolilem approachcd‘hignificdnco. .The most. frequont combination for the School
. . ) . i, 1
Problem foll into tho'"other" catagory. Examination of the individual “

combination, composing this catcgory lLVLalCd no pattern,

[y

Among the abstract contan tasks the mOnt frequent rombination

“,/

selected was tho nmhching éombinatidh, p and «. (1ann‘3).~ Thig h;gn sl actlon
. o ' N . . , »

frequency of the matching combination ‘on abstract content task is consistent

" with earlier work by Wason and Johnson-Laird, There were no differeces across

grade levels for the matching selection within each condition. ‘A comparison
. v . . . L J

‘between gonditions revealed that onlw the twelfth grade experimental group:
<) N

selected .the matcliing combination significanEly'fewer timel\than the twelfth

grade control group. The mediation of semantic content effects on.the reasoning
/
competence of the twelfth grade experimental gromp may have alerted them to a

t
] .

partial *nsight to the, logically abstract problems.

This research demonstrates developmental differeces in the

conditional'relationship of deductiVe reasoning.' The selection task, as designed,

: . R ] : : ‘
: provides an assessment of possible moderators of ultimate performance. It was

. found that semantic relevance of matLrials mooerated performance such that the

~0

“twelfth graders, who have expressed logical competence on other tasks, successrdlly

,reaspned on problems conslsting of meaningful conﬂent. That 1s, logical competence

L

was assessed when the original abstract content materials of the selectiop task

were replaced with familiar semantic content. This semantic content enhanced

\ .

logical performanceson meaningful problems as compared to_logically abstract

problems. - |



ANINGFUT, CONTENT PROBLEMS o .

. : [
) . — Drinking Age Problem )

t

"IF l\ PERSON 15 DRINKING BEER, THEN THE PERSON MUST ma.ovxag 21" A

\\‘ ‘Motor Vaehiocle Problem .

wIF A.DERSON IS nu;?vlmc A MOTOR VEHICLE, THEN THE PERSON MUST BE OVER 16."
\i . School Problem |

n \'\ _
"IF A STUDENT HAS MORE ('HAN 10 ADSENCES 1IN A SCHOOL YEAR, THEN THE STUDENT-MUST .
REPEAT THE scRoox. ;fu\n " ’ .

. 2
ABSTRACT CONTENT PROBLEMS\ . .

‘ .\ e
X '3 ' \é Vowel Problem - ’ -

"IF A CARD HAS A VOWEL O N SIDE THEN IT HAS AN ODD NUMBER ON THE OTHER SIDE."

\ Abstract Problem

~

“IF A CARD HAS A D ON ONE SIDE, EN IT HAS A 3 ON THE OTHER SIDE," .

. hd . \‘ . \
.An Example‘o{ how each Problem was'Presented

\

(p) ‘ (@ N, N (p) BT
. "’I i - )
1~ DRINKING , 16 -, DRINKING. | . 22
coxoz:% " | YEARS OR AGE " BEER | , . |YEARS OF AGE
. . o . N ‘ LN L
- Instructionss

"Each of the above cards has information about a person sitting at a table.
On one side of a card is a person's age and: on the other side of the same card is
what a person is. drinking. - | , -

Here is a/rules IF A PERSON IS DRINKING BEER, THEN 'THE}RERSON MUST BE OVER 21.

Pick the card or cards that you would deﬁinitely ne--L n. ovex to decide /
whether or not the rule is betng brokeri,* SRR ;
’ - ' E » .
— | § ' . . N
Notes The 1abels above each card are for illustration and did not occur in test

‘materials - ) : » i .
b denotes the correct selections w9 oo CoN




Table 1. \ . L
Average Correct Selection on each : !
' ~ PPbblem Type as a Function of Grade Level.
. R A i
EIGHTH TENTH 'rwm&‘m .
i : :
. ' .' f ! E;;pe:im‘eiz{rxtal,exgup (N5 66)
,rl)rinkin'q, Age ‘ .63 .0 05
‘ ;! S o .
Motor VchILlo 59 .68 ) .86
_ Bchool To.22 © .36 T ‘
Vowel © .00 B 7R .14 ‘
N Abstrdct ‘ 00 .- .09 W14
Control Group (N = 66) ;ﬁ
Vowel .00 | .09 o .09 : {
Abstract .00 | .09 " .09
) %
) - ~ a - »
Notes Maximum score = 1,
* . »
u\/
N
b 9
-
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Table 2,

fl . v 4

Frequencies for Thematic Problems Selection Combinations
for the Experimental Group.

L
‘ Beloctdon * : ~ Grade
Problem - , Combination g 10 12
Drinking Ajo IR U RO S Y
, , “Pq T A
- Co C P P - - -
¢ - R g 13 % 1 21
. - other ] 2 -
§
4 _ J )
Motor Vehicle p ‘ 2 2 2
. 2T R— 1 R
. . P9 1 -~ -,
. P,g 14 15, 19
”. v © + other ! 4 - 1 )
. _ ¢
*  School , p , 3 - 2
; - Py _ 2 3 2
o’ Ps9,9 -= 1 -1
. N Psq ‘ 5 '8 S
other 12 10 12
;‘Total . . o 6 3 5
. P,q _ 3 5 2
P99 1 1 . 1-
Pyq 32 41 45
other .24 l6 * 13
Al ( .
L] ,
4
" "
Hv
\\ N -
N\ : 3
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Table 1.
Freduenaiaa for A&théﬂt Problems Selection Combinations! \\\
Selection Grade -
Problein Combination £ 10 12
— : experimental
Vowel 4 p - 2 2 4
: P’q - [} 9 5 /‘ §*‘
: : PrgeY 1 -- 1
v . M a - > 3 ‘
’  other - 10 12 - 9 &
'A'bst:ract ' p ) 1 3 4
i ' P - ' 12 7 9°
;! P99 - - -—
' P9 . B -} 2 3
y - other . .9 10 6
1 ‘ t N A ~
control
Vowevl- v Lp 2 . /3 N
P.a _ 9 9
P,9.9 e -
P.q - 2
ther 11 + '8
Abstract 1 4 -2
’ q 12 11 14
pP,4,4q |- e .
p'q - ) 2 ' 2 " rs
‘ other - 5 4 '
] .
‘ — . . s
4 Ao
R
Y.B’
S——da

12

o A



