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Abstract

.:;,  ! Three extrinsic factors were manipuiated in a problem solving task

Y

performed by 80 ten year old children of I Q 901- .110. The factors were:
the presence, or absence ¢f the name of the concept given in .feedback,
specific instructions, and whether the child wa: allowed to verbalice.
The task was a modification of Vygotsky's experiment on concept formation
using concrete material. The performance criteria were: time taken to

solution, number of moves, and amount of verbalisation. The presence

t
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‘a of the name of the concept given in feedback speeded the time to solution

and reduced the number of moves required. Specific instruction speeded

. the solutic,n but did not reduce the number of moves; whereas verbalisation

, reduced the number of moves but increased the time of solution.
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Introduction

) Previous experime 1tn in problem solving (reportedin Simon and Newell

1971, Bourne et al ‘97l) have examined a number of independentilinguistic _

variables such as ;pontaneous vernalisation and the amount Vnd na.ture of

verbal instructioz.s I.ittle researoh ‘has’ been done manipulating the

presence of the na aze of the concept given in feedback to the 3n.bject

. as he is in the praces of solving the problem. Previous xesearch has
also concernty: v:,ed mainly on the time taken to. solve the problem as being
tre most important and meaningful performance criterion. 'me evidence B

P

concernina the effects. of verbalisation is unclear and, at times, -

contradictoxy; for example, Gagné and Smith (1962) found that verba.l— :
isation did not facilitate- problem solving when time to oompletion

was the criterion, but it did ensure a far greateraccuracy‘. v "

However, thig last featare qay more likely be a function of the increased
time to solution. Marks (1951) found a high’ correlation (. 83) between”"‘
performanoe and verbalisation. Klein (1963) has showa t.hat non-fo"ced o

verbalisation or 'soliliquising of young children left alnne 'with van

problem solving task had different functions. either as an indication'

of a regulatory mechanism or as an indication of differentemotional o
states. Beaudichon and Melot (l97l, 1970) consider t‘.lat, depending on‘* ‘
the type of function that the childr‘en s verbalisation is forced by the :‘«

experimenters to carry, it is ‘possible to expect marginal facilitation '

or impairmer*c in solving the problem against time. Haslerud and Meyers '
(1958) cite a study by Hendrix (1947) whid1 suggested the superiority

for transfer of 'not-verbalising ‘versus verbnlising by subjects

- themselves in solving _mathematical problems. Rosenbaum (1967) found ‘that
the performance in a maze problem solving task was impaired by forced
verbalisation. Bruce(l° ) sSuggests that much verbalisation impairs

N
problem solving (mainly meaSured in. time tuken) because it is largely




irrelevant to the task confronting the subject. Furthermore, some of R
the incon sistencies about the roie of. verbalisation in problem solving
tasks are due in part to the inadequate consideration given to the

task variables. : : o

The evidence concerning the effects of specific instructions is oonfusing;. ,
for example, Ewart and Lambert (1932) found a large differenoe between the
parformance of groups who were ‘given a verbally statedprinciple of . o
solution in the instructions, ‘and groups who were not. Corman (195") failed
to £ind any significant difference in performanoe among grouos given |
various amounts of verbal instructions. This result is broadly supported =~
by the findings of Gagne, and Smith (1962) Alternatively, Haslerud and

- Meyers (1958) actually found an experimentai situation ‘where verbally

stated principles of the solution of cryptograms when given in the

instructions, impaired the solution of new cryptograms.

Marks (1951)_. found that no significant effects were produced with subjects
who were given a typed list of concept information. Xatona (1940) has

shown that verbal instructions are much less effective than showing the

L4

"subject by example.’

Mandler (1967), Nozman {1970), and Posner (1969) can be seen as offering

a reconciliation of these apparent inconsistencies of the effects of
different amounts of instructions. It is that these inconsistencies may
be due to the subject being able to remember and/or process certain types
oi instructions (or principles) more easily than others. In order that
the subject be able to utilise the concept information given him by the

" experimenter, he must have processed it in some way. It has been debated
by Legrenzi (19715 for example, whether the subje‘ct utilises more
effectively his own discovered concepts or whether he benefits (in terms

. of speed. of soluti'on‘ of .the problem) fromzibeing_ given information‘ about




We::theimer 1956) have thought that the main. puxpose of specific

1nlstructions represents a restructuring of the fie]‘.d',‘ a 'reorganising -

of the task', or 'seeing the problem in a new way'.

/
Previous experimants (Wason 1908, 1969) have esta.blished that it is

very difficult to examine the development of a subject's understanding

and use of a specified abstract concept. Dﬁsjuncti’ve concepts are more

often used than conditional concepts (Wason and Johnson-Laird 1972), so that
the subject tends to use incomplete concepts, or éonoei:ts which are not
entirely understood, as steps towards & final solution. Wason and Shapiro
(1971) have shown that great difficulties with problem solving tasks exist
when abstract and not concrete material is. used. It was therefore

decided to choose a problem in which concrete material was used.

Given the at times contradictory evidence concerning the effects of the
three experimentdl factors that were manipulated the following predictions

formed the basis of the investigation reported here:

l. The presence of the name of the concept given in feedback'to

the subject as he solved the problem would speed t‘ne time to
solution and reduce the number of moves for two reasons. .
The child would be given a name around which to conceptualise; ‘
and at the same time as the child‘ solved one group, he
vkould be able to start grouping other groups according tov
their name. '

2, Tho presence of specific instructions uould be of no significant
advantage because ‘the subject would not pe able to use
conoepts given to him externally so effectively as those he
was able to derfve for hi'mself.

3.~\\The ability to verbelise would impair the problem solving

because it was likely to be an irrelevant parallel process

5

*(Purth 1975). .




The presen.t Eiperiment

The present experiment is a modification of a classic experiment in
. concept - forma.tion perfcrmeﬁ by vygotsky in. 1939 (reported in Vygotsky T

1962) . The purpose of Vygotsky's inw:;migation was to see whether

the relational concepts. of varying combinations of neicht' and cxoes‘-.' |
section which. together were'not nomelly coded ‘in Rnssian', could be
disccvered'with the aid of the name of the ‘concept being"oiven in
feedback. Vygotsky did not comoare the effects of the presence versus '
the absence of the name of the concept. The children- in Vygotsky's B
experiment were able to use two 'ideal strategies': ' 'focusing? ‘and

'scanning' in the solution of the problem set them (Boyle 1971, pp

The purpose of the present experiment was to manipulate the following
factors: the presence of the name of the concept given in feedback,
specific ver’ual instructions, whether the child was allowed to verbalise:
and the measures of performance were; time taken to salution, the

nurber of moves to solution, and the amount of verbalisation when allowed.

Experimental Design .

A three-factor independent subjects design was employed manipulating

three experimental parameters:

1. whether the name ofthe concept was given by a single word in

feedback to the child in the process of the task, (A../B..);
2. whether the two concepts defining each group viz: height and

cross—-section were specificdlly referred to in ‘the instructions, ‘(.1./.2.):.?'}"?
3. vhether external verbalisntion by the child was permitted.

In this context, verbalisation was taken to be a free use oF .

language with no instructicns o 'talk out’ the solution of

\ the problem, (..A/..B).‘



The Nane of Concept  specific Instruction Verbalisation.

-Ref'lio-

in Feedback ‘

aAla - .absent : '. absent S " - absent :

AlB ' absent | _’ absent ' ‘-.:vpzresent o

aA2a absent 'present_ o L a.osent

A2B absent | present o present

Bla present _ -absent R v absent )
BlB present . absent present ’
B2A pPresent : present . absent

B2B present ~ present | present

As there was practically no sub-vocal speech as discussed by Flavell,

Beach and Chinsky (1966), verbalisation in this experizr Ant was defined

as comprehensible speech involving syntax and lexis; in this‘way,

unstructured noises were excluded from the time measu.rement of Verrbalisation.’.";f_‘

The subjects were 8 children (42 male and 38 female) at:junior'schools
aged between ten yeazs one month and ten years eleven mor.ths. ’l‘he :
choice of the age~group of the children was determined by the findings
of Saltz et al (1972) who suggested that the development of natural

language concepts had been largely achieved by ten to eleven years of age.

Their I Qs were in the range 90 - 110 obtained on a Moray House Non-Verbal

test. The children were assigned randomly to eight experimental groups.

Each child volunteered to take part in the study, and was questioned to -

ascertain that he or she had had no previous acquaintance with the
problem. No child was, in fact, excluded on those grounds.

Apparatus
AQet of sixteen modified Vygotsky blocks, four groups of four of 'I'UR, CEV, ‘ 3




the number of blocks was reduced to sixtef
- twenty-two in order to make the task s?.mpler. '

2. -the blocks were all of the same colou.r thus making the tas]"

simpler and re»moving a source of possible variation

3.  the words: used to code each group wez.'e TUR CL-:V BEK. and MBL.

These are alterations of the original nonsense wordsvrelected

by Vygotsky because some of his cbo:loes we thought to‘have
some significance to English children, such as BIK or LAG. :

Procedure

Each child was given the problem separately in a quiet room.l As the
child sat at a table he was _shown the sixteen blocks in a random
arrangement on a flat table before him.. The child was" asked to choose
one block at random from all those in front of him. From then on the
instructions were according to which experimental group the child was in.
Group AlA "Here are lots of blocks. Will you (Eind all the |

| blocks that belong to the group of the one you have -

there? You must not speak as you are doing this,”or

,ask me any questions‘." You may start when T say now."
Group ‘AlB - 'rhe same as for Group AlA, exoept that for the‘

1

éecond sentenoe the following was substituted- e

"You may taJ.k while you are doing this, but yo'

o
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‘Group A2A "'Here are’ lots of blocks of different shapes and

sizes. Will you find all the blocks that belong
to the one group of the one. you have there? '
‘Rememberx, tall blocks only go with tall blocks and
big blocks only go with big hlocks. You must not
speak as you are ‘deing this,'or ask me eny qoestions.
You may start when I say now:" ]

Group A2B The same as for group AZA, ‘except that for the
third sentence the following was substituted-

"You may talk while you are doing this, but you must

not ask me any questions.”

Greups BlA, BlB, B2A, and B2B followed the same schemata’ e'xcept that
after the first sentence in each case. the child was shown the underside

of the block he had selected and told: "This is a CEV (or‘whatever) ."'

The child was told "now" and timing was started._ Every time the child

moved a block into a group this was scored on a oomptometer.

If the child was in groups {B..) where the names of the oonoepts were ”
provided in the feedback, each time the child made a wrong grouping

he was corrected in the following way as the interviewer turned the

block wrongly selected upside dovm to show the child the word on the base:

"No, that's wrong. This is a BEK a.nd you are locking for a CEV."

If the child was in groups (a..) without the name of the conoept given in- -

feedback, each time the child made a wrong grouping he was merely told:

"No, that's wrong. They are not in the same group."

In each case, when the child had selected the other three blocks of the
group, he was asked to choose another single block and asked to find

the rest of the blocks in that group.

™
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stopped.
used to record the amount of verbalisation.‘ This was timed later
' the tape recorder was present at all 80 interviews. A

Results : ‘ S o~
(Insert histograms, figures I and II) :

A three Factor Analysis of Variance yielded the following results-

The presence Sf the name of the ooncept given in feedback was ‘
found to speed the time of solution (F = 47, 23; df l 72; p = .OOl) '
. reduce the nunber of moves (F = 65.84; d4f = l 72; p -‘.OOl), and

reduce the amount of verbalisation as a prOportion of .thej‘total‘tixjne_

; taken (F = 37.94; df = 1,36; p = .ooi).

The presence of specific instruc‘tions reduced the time taken (F 4l79;

daf =1,72; p = .001), but did not reduce the number of moves (F

3 45° '
df =1,72; p = NS): it d.Ld however reduce the amount. of verbalisation ‘l

as a proportion of the total time taken (F = : 13, 78; af = 1,36; P = .lOOl)v_ }

The ability to verbalise produced a significa.nt increase in the time .
taken to solution (F = 6.21; af = 1,72; p = .05), but reduced the

number of moves (F = 5.35; df = 1,72; p = .05).

There was no significant variation within groups for time (F = .83;
df = 7,72; p = NS), for moves (F = .72; df = 7,72; p = NS) or proportion

of verbalisation (f = 2.84; 4f = 3,36; p = NS).

There were no significant interaction effects.

Discussion

Host‘of the performance measures were reduced as increasing presence of
. the experimental variables was introduced._ There are, however, some i

exceptions tc these general findings. both A2B and BZB take ionger

‘ than A2A and B2A to solve. Both these differences are. shown to be significan”'




e different:at'p = ".05. It is contended that in vthese ceses‘

of verbaliwation tends tc act as a‘ "regulatory "pmechaniem a8 Klein (1963)"

| suggesf .ﬁ These exceptions are compatible with the. "anulysis of variance
' results that suggest that there is an increase in the time teken to eolve:fji X
the problem when verbalisation is permitted. 'I'his result is compatible
with the. findings of Gagne & Smith (1962) . In couparing the effect of
verbalisaticn, the number of moves ta.ken to reach a correct solution is
found to increase from condition’ BZA to B2B, This is not a significant

difference and can be accounted for by possible sample variation.

-

The presence cf the name of the concept given in feedback produces a
significant reduction in the time taken and in the number of moves o L
required for solution, as well as a reduction in the amount of verbalisation.
This can be explained by considering -the situation when the chin is |
given the name of the concept and when he is not. “In the former the
child is able to use both "scanning ‘and "focussing strategies", whereas
in the latter he is only able to use a scanninq strategy" (Boyle 1971). n
Furthermore, by bei.ng given the name of the concept in feedback the o :
c¢child is able to carry out.simultaneously the matchingof vat lea.st one"l
more group, as he picks up one block lafter another, and is given the'
ccncept name. o

The presence of specific instructions produced no significant reduction
in the number of moves taken, but did produce a significant reduction S
in the “ime taken. 'rhis is poseibly because sped.fic instructicns facilitate‘,
the speed of coding of the concept information, whilst leaving the 2
nunber of moves required unaffected.‘ 'i‘his appears to clear up some of
the confusicn between the work of such people as Ewart and I.embert (1932) ' "i

‘ cormm. (1957) and Baslerud and Meyers (1958) ‘who' disagree about the

e{fect of verbal instrt.ctions cm problem solving as they used different



The facility of children to verbalise produced a significant drop in
the number of moves required f.or solution, but prod.loed a significant |
vvincrease in the time taken to solve the problem.. In this situation :

‘. the child is thought to be "talking out the problem" by making hypothetica.l.
"trial and error" moves without actually making them. This was very
noticeable in the experiments when children often hesitated with their )
hand above a block and discussed with themselves whether or not they )
should pick it up. Often they did not, but rather picked up another

"block.

P

When verbalisation is permitted, thexe is a significant reduction in the
actual amount.of verbalisation between conditions of the presence of the
name of the concept given in information or the absence, and conditions
of the presence of specific instructions. This can be explained by
considering that the presence of verbal information in the specific

instructions appears to make some of the child's verbalisation unnecessary.

14
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Table 1

Correlations between the number of moves and

time taken forAevach child

Condition Correlation P Value

AlA S ) : ©.001
AlB o . N.sig.
S Y7 .63 oL
A2B 4,39 © .05
TTBlA +.7 T oL
B1B +.43 .05
B2A  4.53 . <05 '
BB -.62 | .01




o The reasons for this are either that some of the child's preliminary

'conoept formation has been done for him, or that the specificity of the

L instructions removes some of the possible groupings. , In this respect the

‘results are at variance with those of I.egrezi (1971), who found that
subjects who diroovered their own rules ‘of solution performed better
,than ?hom. ‘who were-given rules of.solution. , 'I'his difference can be :

. reconciled because he did not- employ a probiem in which the name of the
concept was given in feedback throughout the whole prooead of solu\ ion.
The. absenoe of any significant interactions proves that ‘the three
factors are truly independent factors and that their effect will be felt
individually even when combired with the oth-er remaining factors for .

time or numbers of moves fur solution.

The correlation coefficients (Table 1) for the ten children within each
condition ydelded results consistent with the previous findings. In all
.the groups where verbalisation is not allowed, significantly positive
correlations. are obtained. This is not partici-). x4y surprising as it
would be expected that the more time that a child took, the more moves he

would make and vice-versa.

However, in the group where verbalisation is permitted, significant
negative, zero, or insignificant positive correlations are obtained.” In
condition B2B there is a significant negative correlation. This can |
be explained by conszidering the fact that t.he child is "talking out the .
problem” rather than "moving out ‘che problem“. Again this is consistent

with data on the presenoe of verbalisation.

This can be explained by assuming that the time taken is relatively

independent of the nunber of moves made and vioe-versa. 'mese results

' ~are comsistent with those from the analysis of variance for the presenoe

’of verbalisation, whioh shows an"increase in time, and a significant

.




The results from the three analyses of variance support the notion
of employing morxe than one performance measure, in that previously

conflicting research findings can be retonciled.

The investigation has found that the presence of the name of the concept
given in feedback is of importance in facilitating problem solving
involving abstract concept formation. It has also been shown that Specific:

instxuctions can speed the solution of the problem; and that to permit

L I

verbalisation can help to reduce the number of moves necessary in
problem solving.

. Acknowledgerents

The authors wish to acknowledge the help given by the Audio-Visual Certre
of the University of East Anglia in making the Vygotsky blocks, and the

Department of Psychology of the University College of North Wales, Bangor.




‘Rcferenc s i

"Beaudlchon J & elom A h (1970) 'NaLure et fonctlon 1nstrumentale
du sollloque en 91tuat10n de resolution de problemes! 5
Trvx et Documents Labo Pevchol Genet, 1970, 3, (1)

‘ Beaudlhhon J & Helot A M (1971) 'Lanﬂuage and problem solv1ng' e
Ceskoslavenko Psvch 1971, 15, ?6), PpP. 579~583 |

'“,*=Bourno L E rkstrand BR & Domlnowskl R L (1971) The Psvchology
» " of Thinking, Engelwood Cllffs, Prcntloe-Hall, B

Boyle D G (1971) Lanﬂuage and ThlnklnF in Human Development,
London, Hutohlnson. ] _ .

Bruce D J (1973) 'Language and cognltlon' Cambridge'J
‘ Education, 3, No- 1, pp 2—12. . ,

Corman B R (1957) 'The effect of varylng amounts and kinds
: of information as guidance in problem solv1n
Psvcrol. Menogr. 1957, 71 (2, Whole No. 431

.Dunker L §|945) 10n problem solvlng' Psychol ,Monogr. , 1945,
. .58, (5 Wnole No. 270). .

Evert P H & Lambert J F (1932) Part 11~ 'The effect of verbal :
1nstructlons upon the formation of a concept' J. gen Psychol.,

Flavel'l J H, Beach D R & Chlrsly J M, (1966), 'Spontaneous
. verbal rehersal in a memory task as a functlon of age."
- Child Develooment, 37, pp. 283-300. ,

£

Furth H G (1975) 'Thwnklng without Language! Paper given to
Snerfleld u;ﬂ”UlSthS Circle, Sheffield May 1975.

.Gagne R M & Smith E C (1962) 'A study of the effects of
~ verbalising on problem solving!, J. Exper. Psvchol.,
1962, 63, NO 1, pp. 12"‘180 . .

Haslerud G M & Meyers s (1958) tThe transfer value of given
and individually derived pr1nc1p1es' J.Ed.Psychol.,
1958 49,pp. 293-298. . '

Hendrlx G (1S47) *A new clue to transfer of tralnlng'
- Elem.Sc.J., 1947, 48, pp. 197—208.

Katona G (1940). Orzan151ng and Memorlslng, heW'York
Columbla Unlv. Press . . _

-

Klein VL (1963) 'An 1nvest1gation of the spontaneous speech
of children during problem solving!, Unpublished
doctoral dlesertatlon, Unlv. of Rochester, New vork.

Legrenz* P (1971) 'Dlscovery as ‘a means of understanding'
. \LQuar.J dyoer Psychol., 1971 _2, pp. 417-422. :




Mandler G (:967) 'Organlsatlon and memory" In Spence |
e K W & Spence J T (eds ) The Psvchology of Learning
and Motivation,Vol 1, New York, Academlc Press

Marks M R (1951) 1Problem solv1ng as a function of the .
[ situationt', J. Exper. Psycnol., 1951, 415 pp. 74-80.

]

";‘_Norman D A (1970) Modeis of Human Memorv New York,

Academic Press.

' Posner MI (1969) 'Peroeption and cognition as processing
modelst!. In Voss J I (ed.) Approaches to Thought;
Columbuu, CE Meﬂrlll. .. _
-Rosenbaum ME (1967) tThe effeot of verba1ﬁsatlon of correct
: - responses by performers and observers on retention!.
Child Develorment, 38, pp. 615-622. _ :

Saltz E, Soller E, & Signel I E (1972) !The development of
: natural language concepts'. Child Development, 43,
- PP. 191 1202 ‘ T

| Schvartz S H (1971) "Modes of representation and problem L
solving: well evolved is half solved' J .Exper. Pzvchol., .
1971, 21, pp. 347-350. _ : . -

" simon H & Newell A (1971) tHuman problem solvmng. Th€ state
. of the theory in 1970.? Am Psychologlst 1971, 26,
ppo 145-1 59. . .

Vygotsky L'S (1962) ThOUth and Language, Cambrldge, Nass.,
.. MIT Press second edltlon. _ .

L Wason PC (1968) ’Reasonlng about a rule', Quart.J.Exner.Psyohoi.;ig

'_Wason P C (1969) 'Reﬂress1on in reasoning" Brit.J.Psychol.,
1969, €0 pp. 471-480, :

Wason P C & Johnson-Laird P N (1972) Structute and Content - .
in Reason1nz° a Psychological Enquiry, Lonaon, BatSLora. S

Wason PC& S iro D (1971) 'Natural and contrived’ experience
‘ . in a readoning problem', Quart.J.Exper.Psychol., 41971,

23’ ppo 63-710 . ) .
Wertheimer M,_(_1956) Productive Thinking, New York, Harper.

Lo 19




