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ABSTRACT

Seventy-two Ss attempted to solve four "who-done-it"
type deductive reasoning problems which varied in mode of
representation, type of logical connective employed, and affirmative
versus negative statement of information. Affirmative and con junctive
problems were solved more frequently than negative and disjunctive
problems (all are defined in the text of the articles); however, the
mode of representation in which the problem was presented had no
effect. Analysis of the mode of representation actually employed
(pased on Ss' written protocols) revealed a marked tendency for Ss in
various conditions to change the original representation of the
problem. When these changes were taken cognisance of, the matrix
representation was superior to other forms on all but negatively
stated problems. The somewhat poorer performance of females on this
task was related to their greater reluctance at changing the
representation of the problems. The original hypothesis of the
instrumental role of representation of information in problem-solving
- was supported. Suggestions are offered for subsequent investigation.
(Author/Ks)
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In a previous study, Schwartz (1971), presented a numbervof "who-done- i t" .
deductive reaﬁoning probiems in sentance form to group of 30 adult §s. An
analysis of the §'s protocols revealed a number of ''modes of representation"
by vinich $§s orgenized the information presented in the brobléms. One form -
the matrix - was clearly superior to other representations for achieving
salutionn to afflematively atatnd neehlent. Sucenss in these tashs apéaarnd

~more closely linked to the aBility to'accurately represent information in
some su%table format rather than ability to draw logical ¢onclusions from
simple combinations of propositions. Task variables, {such as ﬁumber of
relevant dimensions, logical connective employed, proportior affirmative
iﬁstances) known}to haye considerable effect on the solution rateé for tradi-

;I~ tionél concept -attainment tasks (Bourne, Ekstrand, & Dominnwski, 1971{ were

| cffective to the cxtent to which they influenced the mode of represcntation

§s employed. Only where differential use of the matrix representation

.occuréd (in-affirmative versus.negative problems) were different solﬁtion

rates observed.




_sively negative information (e.g., the maid was not in the bedroom). One

problems in all),

Schwartz

The present study attempted to replicate these findings within a more
structured task. Ve experimcntal]y manipulated the mode of representation
of information presented to the subject in order to determine more precisecly
the relationship between representétion and problem-solving performance.

It was hypothesized that Ss presented problems in the matrix mode of
representation woﬁld exhibit superior performance.
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~insert Figure 1 about here
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" Method. - Seventy~tvwo Ss (36 males and females) were randomly drawn from

the subject pool at a large urban university and tested for about iwo hours
in groups of 12-15. All Ss attempted to solve four "who-done~it'" type
deductive problems (Fig.1) each containing information about five values on
ihree dimensions (e.g., paticnts' naﬁa, room number, and ilfneﬁs). Two
probléms contained information presented in an affirmative fashion (e.g.,

the vedelimt honghi thie minfeckirt), the orhe o conialiad almosi eaciuo-

problem in each of the above sets utilized conjunctive connectives (e.g.,
Ed had coffee and pic); the other, disjunctive connectives (Dave either
wears a red or a blue tie). All problems Contained sufficient information
to determine a{ljcontipgencies.

The design was a mixed factorial one with all §s attempting to solve

an affirmative and negative, conjunctive and disjunctive problem (four

Mode of representation served as a between Ss factor with one-third of
the $'s receiving problems in a matrix formzt (Fig. 1a), one-third in a

sentence format (Fig., 1b), and one-third in a graphic format (Fig. 1c).

<
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(Thesc; modes -had been observed in the previous st.udy ‘al'ready ment ioned) .

in order to assure that Ss understood the problem information in the
mode presented to him each § had ';;o successfully complete a bricef programed
instruction sequence. This required he indicate in terms of equivalent
english \sentences the meaning of propositions presented in some mode of
representation (Fig. 1). Ss were encouraged *o show all work and had a
: maximum of 20 minutes to attempt to solve each of the four problems. |If
he solved in less than the maximum allowed time he went :;)'n to the néxt
problem. The order of.probIems vas randomized. After four [?roblems, each
$ took a brief multiple choice logic test which was designed to indicate
the extent to which he could draw valid implications from single affirmative
or negative, conjunctive and disjunctive statements
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Results. - 1. Effects of independent variable on solution rate - The percen-

tage of §s attaining soluticn under éach condition is presented in Table 1.
" There are significant effects due to type of logical connective F (1,60) =
42,48, .g:< .001, and whether the information was presente;l in affirmative or
negative form F (1,66) = 3&.96 p < .001, however, contrary tc cxpectations,
mode of representation had virtually no effect on S'Oi'ption rate (f’ <1).
There was a tendency for males to do better than females F (1,66) = 4.85,
p< .05 as well as a significant interaction between logical type of
problem and affi runativeénegative information F (1,66) = 5,4l p < .05,
Although the affirmative problems were easier under all conditions, the
advantage wés grcater on conjunctive as compared to disjunctive pro!iiems.

No other effects were significant.
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2. .Analysis of represcntations actually used - In view of the unexpected

findings of no effects for mode of representation we checked cach of the
-protocols and classified them according to mode of representation actually
used by each § in attempting to solve the problems. A classification scheme
similar to that reported by Schwartz (1971) was employed. Tables 2 and 3
summar i ze the results of this analysis.
i ' (
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| Insert Tables 2 and 3 about ‘here

Téble é indicates rather dramatically that jﬁ tend to be active
participants vhen attempting to solve these problems with almost half the
problems changed in represcéntation from the mode in which they were originally
presented. Note‘the highly significant effect due to mode of representation
F (2,66) = 22.12, p < .001, with only 17} of the §s in the matrix condition
changing representation compared to 57%% and 74% changes under the sentence

and nctwork treatments. Males tend to change representations somewhat more

) ~

nftan than Temaies 53% rn G, FO(1,AR) = T.03, p < .01, Al otiier efiects
wore nofisignificant.

A more detailed analysis of these changes of representétion and subsequent
solution rates is presented in Table 3. Whén mode of representation actually
used is considered there is a highl& significant:cffe;t x2(1) = 8.26, p< .01
with the matrix reﬁresen;ation yielding better éolutiod rates than the other modes of
representation. |

in 6omparing the use and solutionrates for the matrix representation
versus the three‘uther modes combined, we find the matrix was used about
equally often in affirmative and negative problems {56 and 63 percent }espeé-
tively). Howavef, difference in soltuin rates bctwéen the matrix and other

~modes in the affirmetive condition was highly significant.Z = h.55, p < .00t1.
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No éuéh différence was found on ncgative problems (§-< 1). Thus the
advantage‘of the matrix representation appeared almost eﬁtirely in the
affirmative problems.

There was no difference in use of matrix representation on conjunctive
versus disjunctive problems with the matrix representation yielding superior
performance on both types of problems Z's = 2.10 & 2.1 p < .05. The matrix
representation appéared equal ly advantageous in both types of problems
coinparced to the other “representations (Z < 1). -

As ekpected, the matrix was used more freqﬁently in the condition
where the problems werc presented originally in that format (83%) comparcd
~to conditions vhere probleﬁs were presented in sentence (59%) or network
formats (6&%) X2(2) = 46.1, p< .001, Although the matrix representation
produces higher solution rates undcr each condition the relative superiority
of the matrix over the other representations remains about tge same (2's < 1)

for Matrix-Sentence, Sentence-Network, and Matrix-Network comparisons.
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4 Xz(l)'-‘= 5.66, p< .05, Mthough the matrix representation results in
significantly higher success rates than other representafToqs for males
z = 2.59, p< .01), and only approaches signficance in the female population
(Z = 1.46, p < .10), therc is no significant d}ffcngnce in the relative
advantage in soldtion rates of matrix versus other modes of representation
between males and females (Z < 1).

7o summarize, Table 3 indicates superior performance for those problews
attempted within the framework of a matrix representation in all conditions
except for hegatively stated problems. .
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3. Other transformations -~ In addition to changes in mode of }cpresentation,
two other transformations were determined from the S's prétocals. Table &
indicates the number of prdblems Qhere.§s changed‘either the logical
connect ive or the éffirmativc~negative aspects of the problem. {n U5
problems, negative information was trénsformed into affirmative statements,
;ompared to onl* 2 such cases in the opposite directidn. Likewise, in
54 disjunctive'problems information was changea.into a conjunctive form,
% . compared to onlY 17 cqnjunctive to disjunctive transformations. Finally,
there is a trend to more readily change negative probléms then affirmatively
~ stated problems Xz(l) = 2.8 p< .10, from conjunctive to disjunctive form.
Performance in the logic post-~test accounts for only 10%'of the variance in
success on the four experimental problems r(142) = 3k, p<.01. This is
of the same magnitude as the .28 correlation between success on 'who-done-it"

‘problems and performance on this logic test found previously (Schwartz, 1971).

Dlscuésioﬁ - The main findings of the previous study (Schwartz, 1971)
are confirmed in that the matrix mode of representation as actually used
by §s, again leads to significantly better performance on all problems except
those whgre information was presented in terms of negatfve statements.
Furthermore §'s scem to recognize the appEopriatemenss of this form of
.representation as evidenced in the low rate of changes in representation
(17%) in the nbtfix‘as compared to the sentence and network conditions
(57% and 7h%) . When.§; do change the representation of the information they
most often change to a matrix representatién; thus of the problems originally
presented in sentence or network modes almost half (46%) were changed by
'§'s into a2 matrix representatioﬁﬁ

The geﬁcrqlly Superior performance on affirmative and conjunctive

problems is in agreement with previous findings in the concept attainment

.6
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iiteraturg.(Conantﬁ Trabasso, 1964 ; SchQaneldt, 1966) . That the advantage

of affirmative over negative probicms is greater in the conjuactive compared

to disjunctive case also CéércSpoads to.results found in studies on concept
attainment (Bourne.& Guy, 1968). Positive instances are more readlly

utilized in most strategucs for attaining conjunctive concepts vhile the reversc is
true for disjunctive concepts. As has been noted previously (Schwartz,

. 1971) these results must be Interpreted with caution since the problem§

WGEG not precisely eéuated In terms of sentence by sentence information .
correspondence. Instead, since the primary objective of the study was

to exlore the utility of various modes of representation; the problems

were matchec only to the extent that each contained sufficient information

for solution, approximately an cqual nunber of statements, and specified

five values on cach of four dimensions.

One recason fér the poorcr performance on negat ive problchs can be
infered from the data in Table . Forty-five negative problems vere
transformed by Ss into an affirmative mode while the reverse occured 0n|9
twice. This extra operation of transferring inférmation providés additional
" opportunities for errors to take place thus resulting in a lower overall
success rate. An intriguing ancillary flndlng in this study appears with
respect to the small, but significantly superior performance of males (56%)
'fcompared'to females (45%). Previous studies on proB]em—solviﬁg have reported
similar results (Duncan, 1961; Steats, 1957). If, as hypothesized, development
of an aPPfOPF:QtG representation of information plays a key role in mény
problem-solving situations, then the tendency f&r females to be somewhat.
more reluctant than males (h(y - 53%) to change the problem from its
original reﬁrescntatiOn into a new mode may cont.ibute to the small But

censistent difference betvween porformonce of the 5CHaS .

04
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To conclude, the hypotheses of the‘instrumenpai rolé of representation
of information in prob]em-;olving.was supported. The superiorit& of a
matrix mode of reprcscntatfon fof;a variety of problems has becn
demonstrated in two studies suggesting the need for subsequent investigation
'éoncefnfng why this form of representation is effective, and exploring

tasks for which other representatives may be more suitable.

7z
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Footnotes
IRequests for reprints should be sent.to Steven H. Schwartz,

Department of Psychology, Wayﬁe State UniQersity, Detroit, Michigan 148202.
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Table 3
Proportion of Times Each Mode of Redresentation was

Used and Corresponding Solution Rates for Various

. H
., . t
-

Problems and Populations .
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' : N Table &4

Number of Problems showind
. ; R ‘Evidence of Conjunctive ~

: B ’ Disjunctive or Positive ~

” Negatfye fransfdrmation

Form Changed To

Ofiginal Form AConjunctive |Disjunctive Affirmative | Negative
of Problem
. . N N .
: . CcJ.:sj J!"-.."_.t:'o:: 1? ' 75; 7
" Disjunctive ' 5k 20 0
“Affirmative 32 : 6 : | 2
“Negative 29 11 - h5
. _ v
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Figure Captions
Figure 1. Sample Problems -
"Figure 1(a) Sentence.Representation
Figure 1(b) Matrix Représentation

Figure 1(c) Network Representation
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+ ﬁi © 1(a)
i Five men are in a hospital. Each one is suffereing from a
different disease.

1. Mr. Vilson is in Room 102.

2. Mr. Alex has cancer.

3. Mr. Thomas is in Room 101.

’ B.ooSno of tho amin haz cpitepsy.
5. The man with mononucleosis is in Room 104.
; " 6. Mr. Young is one of the patients.
; 7. The man with asthma is in Room 101.
é -8. Mr. Wilson has T.B.
; g, M}. Osborn i; in Room 105.
% 10. One 6f the-patients is in Room 103.

What disease does Mr. Young have?

Figure 1
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1(b)

N

17

Five men are in a hospital. Each one is suffering from a different

discase.

8. WMr. VWilson

S Sur} IPAYALT NS ALASD IS S s RAIAL AT S ilsn oL wodi 4 2

Name Diséase Room
r»l. Mr. Vilson - 102
2. Mr. Alex h “m:;ncer .
3. Mr. Thomas 101
| "w. i | epitessy
5' _ ) noncnuslessis 100
6. Wr.Yomg |
; N

2 baieled Seannilid0 LB,V ol B otlovth il

T.B.

9. Mr. Osborn

IT? $4003. =

W SLAL Sedd 4l

2 g Sl VR AT SN Pos o) AOAOII, X 7S A

105

o’ ;LT P ITAAL, A,

103

TBTESTLNTWER

Prves ANTONE ST AT

Vhat disease does Nr.

Young have?

Figure 1
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1(c)

Five men are in a hospital. Each one is suffering from a different disease.

Vilson ~ AJex /}}omas Oshorn Young
3 . |

Cancer Epilepsy Mononiiffég;iﬁﬂ”“”qﬁgghma T.B.
1
/ e \_\ \
L

101 - 102 103 o 7 105

What disease does Mr. Young have?

Figuré 1
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