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who were classified as either reflective or impulsive at ages 7;9, and 11,

and were' followed longitudinally for 3 years.' Each year subjects were.

given the Matching FaCiar Figures test and four prob4em-solving tasks

that provided measures of sequential information processing strategies.

The relatfve impact of reflectfon/impulsivity,pn problem solving vailed

systematically with develOpmental level over the eleMentary age range, and
.

the relative difficulty of the problem for children of different ages.

During the early elementary period (aget 9) reflectives displayed a more

_ "

Abstract'

The subjects were 38 9-year-olds,. 39 11-year-olds, and 23 14-year-olds,

rol

accelerated rate of strategy development than'impulstves on two of the foqr

tasks;- Differences in strategy development were not -found betvleen the agei
et.

of 9 and 11; however, in early adolescence 'eflectives showed greater gains

in the use of optimal strategies than impulsives. Correlational analyses-

suggested that when-reflectives performed more efficfently than impulsives,

their .tempo of responding coul4 be attributed to more mature, systematic'

and necessarily time-consuming strategies.

ti
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.

DeVelopmek of Problem Solving Strategies in
Reflectivet and Impulsive Children

2

An extensive-literature as evolved over the past decade which indicates.

that .reflective children. are more competent problem .solve-s and shoal better

achievement than impulsive chIldreri (Kagan & Kogarr, 1970; McKinney, 1975;

Messer, 1976).. At the same time, it is not clear from this .literature 4411t

exactly hoy i hdi vi dual differe es in concept and tempo 4nfltfence perfor-

mance during Rroblenisolvi or t he ciassroora environment. Recently,

several major issues have been raised regarding the conceptualiiation,

construct validity, and interpretatiori reflection/impuls,ivity, as defined

by Kagan's (1975) Matching Familiar Figutes Test. (Block, B1pck,, & Harrington;
\

1974; 1975; Haskins &,,McKinney, 1976; Salkind i:tiright, 1977).

Kagan has proposed that performance differences_betmeen reflective and

impulsive children are the result,/of anxiety over potential failure in
g.

'situations o.f high reionse uncertainty (Kaga\-i Rosman, Day, Albert &

;Phillips, 1964; Kagan & Kogan, 1970). Accordi g to the anxiety hypothesis,

impulsive children have developed an Vxpectanc for failure and are motivated ,

to rethOve .themselves from the test situation as. ly as possible at the ,
,

expense,of-aeturack. On. the other hand, reflec ive\children are overly

concerned-with making errors. ,Rowever, since th are confident in their

ability to ,deal with the problejn, they adopt a v ry, fcarefvl, time-consuming

approach that iniurea accuracy at the expense of quick evaluation.

Unfortunately, impressive evidence has not been ob ained to.eupi3orta

motivational' explanation for performancedi fference when refl ectives a

impulsives have been chMpared on measures of test anxiety and other personality;
.1 .

variables '(Bartle. & McClain, 197.6; Block, et.al:, 104; Bush & Dgeck., 1975;
.. .

.Messir, 197(1). Similarly; several studies in whi success and failure Wave

4 .
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'been manipulated during problem solving;have not found differences between

the:two style groups (Messer, 1970;,Reali & Hall,. 1978).

-Nevertheless, a numbei of investigators :have attempted to modify ,

impulsive responding in test situations it the bops that an Alteration of

response style would result in improved performance. In general, these

studils have shown that response tempo can be increased by using modeling,

rtfOrced delay, or reinforcement techniques (Albert, 1970; Kagan, 1966;
. t

Kagan, Pearson & Welch, 1966; Reali & Hall, 1970; Yandd & Kapp21968).

,However, these treatments have ngt,been successful in reducing error rates

"in impulsive children. On the other hand,,training procedures which have

taught impulsive children more effisent inforpation processing skills

have been more successful, in improving perfOmince (Debus, 1970;:Egeland,

1974; Meichenbaum & Goodman, 1971; Zelnicker, Jeffrey, Ault & Parsons, 1972).

The resultsCof these studies suggest that greater attentfon'should be

devoted to the manner in which task information is processed by reflective

and impulstvechildren rather than to. the tempo of processing. If

impulsive children have not acquired efficient strategies for processing

task information necessary for solution, then training procedures which

- merely alter response tempo cannot be expected to improve the quality of

their performance.

Recently, several studies have found that reflective children display

more mature and efficient p roblem solving strategies tharrimpulsive children

in tasks that.involved sequential infOrmationsprocessing (Ault, 1973; Denney,

1973; McKinney, 1973, 1975). Also Zelniker and Jeffrey (1976) found that.

. 1

impulsive children tended to process information globally, whereas reflectives

demonstrated a preference for analyzing stimulus detail. These studies suggest"

0

an alternative to the anxiety hypothesis for explaining performance differences

betweA'raaettive and impulsive chi)dren in the absence of consistent

5
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differences in IQ,- that is,that they differ in the way they.proces1 task infor-

- ,,.

. .matIon to arrivtlat so-lution: The 'primary objective of the present study was to 1
t 5-* ,...,___

describe the lohgitudinal development of problem solving-strategies in reflective, .

. -. .
/41

. and impulslve children during the ele5entary school period. While evidencelhas

.. accumulated.to suggest that .reflective and ipulsive children differ in the

,way they process task infcirmation, the course of strategy development in -
the two style groups 'is unknown. Similarly; little is known- aboutthe

generalitybof strategy behavior with age and siyle_grups. Th&efcire,

it is important to determine whether individual differences in performance

, represent geneplized approaches to a variety of probleqs, or whether they

- are unique to given problem with particularstibralus or response prtipArties.

Method

Study Sample

The total sample obtained during the first yelr of the project was.

composed Of 109 7-year-olds, 83 9year-olds, and,80 13-year-olds-.. All

. of the children were enrolled in a single elementary school and represented

the- total number of children available. Each child was tested with the

Matc.hing.familiar Figures (MFF) test in the fall .'6f 1973 to' select groupS
. . .

. . #

.. of reflective and impulsive children. 'Following the procedurereooknended.

by Kagan (1966), subjects who scored ab6ve.the group median for their age ")

in response latendir and below the median in-errors were classified'as

reflective. The opposite criteria were used to clas subjedts as

impulsive. -- This- procedure resulted' in an initial longitudinal 'sample of

reflectives and 86 impulsives. Each. child who was classffied as either
4.

,p.

reflettive'or -impulsive was given the ileclisler intelligence Scaleor

Children,(wrso4 verbal scale. Subjects who 5.cored more than one standard
.c

deviation below average were excluded from the sample.
.

4
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, A total of 43 subjects were lost the seconeyear of the project,

and an- additional 38 were not available the third year.s. A total of 40
- a

children.in the youngest age, group (Cohort A) were tested at 7, & and 9
.

years; 51 subjects in the middle age group (Cohort &) we're tested at 9, 10,

and 11 -years; and 31 subjects in the oldest age group (Coho rt C). were

'tested at 11, 12 and 13 years. Table, 1 provides a sus-nary of s-ubject

characteeistics in the longitudinal sample for each year)of the project.

Inspection of these data indicated that the ages, IQs, and:socitieoinomic .
--

status of children in the -reflective and impulsive groups remained

comparable froI year to year which suggests ,that subject attrition was

7-

not selective.

Insert Table 1 about ere.

. -,-------N , ,

The fi sample lras d of 39 b and 53 girls: An inalysis

of vari ce on WISC verbal IQ scar- indicated tlat1rejleetive and ii4ful-
, -

*sive children, in each age grpup were comparable, although reflectives

tended to 'score somewhat higher than impulsives at-ep-ch, atop level. The

sample contained 76 white childn'anc(,.. re 16 black, children. The *socio-
. 4. .

economic status of each chi ld was classified as either 'upper, middle or
( ,.

lower by using the Hollingshead scale for parental_ occupatiqn.:

A series of Chi-square analyses for each age'grotip in the final sample 11.

fail to stoow signifi cant-differances in the, SES distribistion for

reflectives and mpulsies'. Jr

ExperiMental Design
^, ,

,

The primary desigh was a 2 X 2 X 34 4 mixterd factorial. The between-

subjects factors were sex' (male and femal e):Ein.d `cognitive style (reflective

levels (Cohort A, 7, 8 and9 i,ears ;.Cohoti 4, 9,- 10 and 11 years; Cohort C,

and impulsive;. The within-subjects facto .were age within developmental

4,.

11, 1.2 and..13 years) and order of prcadWadarinist Ion for each task.

7 .6
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The order of problem administration for each task was varied by Latin

squares, and each subject teas randomly assigned to one offhe p'ossible

orders.

Procedure

. Subjects were tested individually in two separate sessions eachygar

N

of the project. With the exception of the MFF, which required approximately

10 minutes, tqe setsions. lasted frotn 30 to 45 militites. In order to controls

foi age variability in the longitudinal analysis, each subject was tested

within 3 weeks of his original test date each year. The testing procedures

and instructions were the_same ac.1-1 Year; however, .s;peciffi problem solutions
.r

Afere changed to eliminate-guessing.
.

Experimental Tasks

In addition to the Marching Famili.arligures test, each subject was

given four tasks' to assess his problem solving ef ficiency and strategy

behavior.'

Matrix solution. The stimuli fth the matrix solution task were 16

drawings of flowers which varied according to size (large or shall),

color (red or blue),'number of petals (four or six), and context element,:

(yellow.square or triangle_ in cen r). The stimuli were randoitily arranged

ih a 4 X 4 matrix of .3-inch (7 2 cm) squares and were presen4d-on a 12-inch

(30.48 cm) Itli(are card. Subjects.were given four problems in *With they were.
Instructed to find the correct flower in the array by asking questions that

could be answered as yes or no. If the child asked a-question that could not
4'

be answered as yes ,or no, the experimenter said, "Remember, I f.tan't give you

any ahswer but yes or no." A more detailed description of this procedure
NC ft

can be found in Eimas .(1970) and McKinney (1973).
4
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Ond=conienient measure of the* efficiency 'Of information processing

a

on this task isthe expected or average amount of information.obtained by,
V

each question. The expectedinformation scoreifor each response was

. computed as the-sum of the informational outcomes in bits weighted by

't.- .

the probabilities of ocFureMce.- Sinde the mean fnformatiOn tcores also

)

reflect theMizlber of\kgarimade bY the,SubjeCt;it was cogsidered

, desirable to provide a measure of the general approach or type of strategy

followed by the subject as well as%the efficiency with which the strategy
.

.
, , ,

._,
was used. Each response or questions was. sCored as either an attribute

.

spatial, specific instance, or noninformative hypothesis. attribute
t,

hypothesis( as defined as aiquestion about one of the ibur stimulus

dimensions i array, e.g., Is it small?". A s ,a1 hypothesis was

defined as a question about the position of-the correct element in

the array, such as, "Is it in this row ? ". A specific instance hypothesis

was scored when the subject selected-a single stimulus. A noninformative

hypothesis was scored when the subject :asked a question that could not_

be answered as yes or now,.or when he asked a question that provided

redundant information.

Pattern matching. 'The stimuli fprthe patt6i1 matching task w

eight' circular patterns composed of binary elements (lack or white dots).

Each pattern- was' drawn on ,a 4 X 6 inch .(10.16 X 15.24 cm) card which

contained four bla 'tk dots and four white dots. The eight stimuli's

4

cards were displayed in a 2 X 4 array on ayooden board'which was tilted

At a 15° angle. For each problem one of teight patterns was concealed

behind eight !lovable shutters' in a 10-inch (25.4 cm))'square problem

board.

9
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The Child'was told that his tagk was to identify the concealed pattern

.

The protedure was similar to that used by Neimark and Lewis (1967).

by uncovering as few of its elements as possible, In each 'problem, the c

were.ccestructed such that on- the first trial, four of the

.- shutters would eliminate half of the patterns and four would eliminate

single patterns.' Each response which eliminated half of the remaining

-patterns,-patterns,
.

on a given trial was classified as a focusing response.and each ilk\

risponst which eliminated a single pattern was classified as a 'scanning

.responsh. On succeeding twiars subjects could make noninformative
,-.

.responses by opening shutters that provided redundant information.

each of .four pttoblems used a different set of eight patterns and

was introduced by saying, ."Now find.the pattertr inside the board by

opens fag as few widows (shutters) as possible." The ezpected information'

obtained by each respcinse was computed in the same fashion as that for

the matrix solution task., Additional dependent measures were the .9uhr

ofnoninformative responses and proportion of focusing responses.

Twenty quettions.. Eacii subject was 'given a series=of fOur problems

which used a pienty-questions procedure similar to that_developed by

Mother and Hornsby 09661. No problems were admjnisteared under each

of two conditions. In the first set of problems, subjects were shown-../
the array of pictures used by Mosher and Hornsby (1966),.and their

task was to discover which picture the experimenter had in mind by asking

questions, that Could 'be answered as yes or no, The second set of problems

was presented verbally, and the subject was required to cOnstruthe

alternative solutions as well as to determinelthe correct one.

Tile stimuli for the pictures problems. were 42 colored drawings of

coninon °Netts (e.g.,'shoe, bike, cow) which were arranged in a 7 X 6
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array. Each subject was asked lo locate two pictures. in the ea pray.

The verbal problems differed from the twenty questions pictures

Yroblems in that the experimenter described an event for the subject

and then asked the- subject to find out how it had happened by asking
I

questions. In the first problem the subject was talk that a boy .(girl).

left school in the middle of the' morning'and was asked to try..to find

out What happened by asking questions tat could'be answered- as yes or

no.. The solution to the problem was that the child had been injured and

had ti) go to the doctor or to the hospital. Subjects:were allowed to

ask a majgrnum of 20 questions, but alto were allowed to givepp.after
. '.;;;....,

two, 30-second periods 6f silence. "-'`
-

.7 4

Regardless 'of-the subject's performance on the fi problem, he ..

. -4

was given a second- one in whjch the =experimenter said, "Now let's trj,
,- -

One more. A- man (woma.n1) was driving down the 'road in his lheri te.
...

r.
.. .

The car went off the road and hit a tree. Why did thecar go off the

road?"' The solution in the second problem was that it was snowing

and the car skidded on the icy pavement. As with all other proliletN.

solving tasks, the specific solutions for thp verbal yroblemsVere .

changed each year of the project. 0

Subject's responses on each of the twenty questions prpblems were

recorded verbatim. A question was classified as hypothesis-seeking (HS)

. :
wh re t referred A, a single alternative (e.g., Pictures--"Is it. the,

cow?", Verbal-7"0id he fall asleep ?.'). Quek-ions were scored as

constraint-seeking (CS) when they eliminated two or more alternatives.

(e.g., Pictures.--"Is it an animalr,--Yerbal--."Was he hurt?"). A

P

ti
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question; was Scored as nonittformative if it could not be answered as
.

yes ,or to, or i

9

Problem- Solving

.. , , .
f it proyidee redundaht information.

. , .
,

'Res ul is

Behavior

In order-to compare he-iprobl em-sol vi-ng efficiency of reflective

and Impulsive children, al2(sex) X 2(cognitive style) X 3(age)

variate analysis of vartance.was Performed on selected dependent

measimes for eaeh Usk. This analysis yas performed separately tor
.

each age group in the longitudiRal: sampl . The withi n-subjectsathalysis

on longitudinal trends within age' grodps was carried out by computing
. 4 . ,

',-`-._ the linear and Aluadratic contrasts for the repeated measured effects.";

The developmental trend 'for each variable and the- resultant 'interactions

.. with sex and cognitive style were tested by a multivariate analysis
4 . .,. . .

'.1 of -variance on the two sets of contrast scores (McCall' & Appelbaum, 1973).\,.. ..

"...
. ,

Matrix solution. Figure 1 shows the tverage expected information

scores in bits for reflective and impuliive subjects at each age level.
11F

The analysis of variance on the scores for each cohort fatted to show

significant math effects fbr either reflection /impulsivity
. )

Since the salp*finding was obtained for all other measures on this

task, the means end standard deviations for other variables were not :

reported here. c' I . %

- Insert Figure 1 about.tere.

The wativariate. analysis of age effects for the information scores

resiealed a significant linear increase for all cohoi-ts,and signifjcant

quadratic trends for Cohorts Band C. The general absence Of interactIon-
.

in the watt 'n- subjects analysis' iindlcates that the pattern of strategy

development46n this task was the same for reflectives and impulsives
4

and, for boyi and girls'. Inspection of data in Figure 1 suggests that I!. 12

ft/

r

r.
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the quadratic trend for Cohorts B and C fan be attributed to ceiling

effects between the agei of 10 and'13 years for this task."

Although the results -for the o ldest children in the longitudinal

sapiple were not surprising-given previ tti findings (McKinney," 1§75),

the
A
failure to ftnd.performance di ffe

impulsives in-the you

(McKinney, 1973, 1975) .on-

ences between
£

reflectives and

ormistent with previous results

ased on corss-sectional comparisons.ir
Pattern mottling. Comparisons between reflectives and im-ptrlOves

within the youngest cohort reZea.led:s' ignifiaant differences fn favor of

reflectives on informationslorei,. F(1/26) = 3.67, g < .06. Similarly,
c--

the repeated measures analysis'indicatea that reflectives`stinWEd a greater

increase in information scores' between the ages of' 7 arid 9 years than

impuls9es, F( 26) = 3.39, p. < .07. No Signi.ficarrt sex 'effects or

interactions were found.in the between-grou ps analysis for Cohort.A;

however, the.within-subjects analysis showed that girls made greater

gains than boys, F(1/26) = S.22, p. < 03,-. These developmental trends

are illustrated in Figure 2.

Insert Figure gabout here

In general, no significant main effects,or'interactions were found

for any of the- Qattern matching vari able,s for Cohort B. Simi 1 arl 'y

al though significant linear trends, were found for all variables
4

(ps all < .001) , .no significant differences in 'the patterns of develop -.

merit were noted between reflectives and impulsives or between boys or
it

girls.

Orrthe other hand, highly significant Effects were found within

the oldest C7Inort, F(1/19)" = 15,39, p. < .001. Also, boys processed - 0.

information less efficiently, F(1/13) = 1'g.68, < .002"; than did girls.:

13
Fa
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-.The within-subjects analysis f'r the oldest cohort yielded a sigtliftcant
.: . .- -%

. ,
2

S x.
quadratic trend, F(1/19) = 8.59, 2. <,009. Thus, the perfottance of

both groups improved between the ages of 11 and 12 years and tended

to stabilpe at near ceiling between, 12 and 13 years.

However, bOys- showed greater gains in information scores, F(1/19) =

5:81, k < .02, than girls, and impulsives sholed a more rapid increase

in efficiency than reflectives, F(1/19) = 4.24, p.< .05. Therefore, .

although boys, and impultives,disprayed a greater-deficit in performaTice

at year 11, they made greater gains between the agq of 11 and 13 as the

performance of,girle and reflectiVes approached ceiling

4Twentiquestions - pictures: The analysis of data in Ftgure 3 for

Cohort A indicated that 'nelftive subjects asked significantly fewer

hypothesis-seeking questions than impylsive subjects,
f(1/26) = 4.09, E. .05.

Also the repeated measures analysis indicated that reflectives tended to show a

greater linear decrease in hypothesis - seeking questions than impulsives

between the ages of 7 and 9 years, F(1/26) =-3.55, IL< .07. Although

the overall effect for cognitive style did not approach significance,

the longitudinal.trend was for reflect es to .show a greater linear

increase in constraint-seeking than impulsives, F(1/26) = 6.74, p_

'No significant sex effects or interactions were found for Cohort A.

Insert Figure 3 about here

_ -The analyiisor-.4ohort B yielded a highly significant sex X Cognitive'

style inteAction foie _the percentage .of 'constraint-seeking question

-41/35) = 5.43, P < .02.- Simiitrty, the sex X style interaction for

hypothesfs-seeking questions approached significance, F(1/35) = 2.93,1 < .09.

14
. r
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Inspection oille-c-,ci-1- means indicated that, reflective girls displayed .

'.more advanced strategies than reflectiife bciys, 'whereas impulsive boys

were superior to impulsive girls.
,

. ,, ,
" ..The data froth Cohort C on the twenty questions, - picturesi
task

p . ,
indicated that reflectives asked reliably more constraint-seeking

questions, F(1/19).= 8.74, .2.'< .0081 and fewer hypothesis,scanning

questions, F(1/19) = 4.60, 2.< .04, than impulsives. Also, girls asked
.

more constrain t-seeking questions than boys, F(1/19)
.
7.91, 2.< .01. .

Although the main effect for repeated measures was 'significant (is -< .001)

in every case, neither cognitive style nor sex interacted with occasions

of measurement; therAy suggesting that the pattern of development over .
this period was the tame for both- style groups \and sexes. 0

Twenty questions - verbal. Inspection of the data in Figure 4

confirmed the initial impression from preliminary evidence that this r
was an exceedingly difficiet task, even,f,or the children in the oldest

_ cohort.' In fact, the between-subjects analysis for each cohort yielded

only one significant effect.. keflectives in Cohort A asked more

constraint-seeking questions than impulsives at the 8-year level,

F(1 /26) =-4.05,,E< .05.1

Insert' Figure 4 about here

. 0-

111r;
However, the analysis of developmental changes indicated a'n

.0
unusual pattern of quadratic trends Kithiii each cohort. With the.

.

exception of reflectives in Cohort $, subjects in each cohort tended

to increase in constraint seeking and decrease in hypothesis seeking

15
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between the first and second year measures) and to display the opposite

trend between -the ,second and third year measures. Given the difficulty

of this task and tbe,fact that the solutions were changed each year,

, .

s ef#ect m4ght be_ due to the reiative.probabiliey of guessing thEt

Correct solution id aOpetj (Yeari
4

4 ,

Response few During Problem 'Solving

F

In'order to determine the effects rf cognitive style and age on

response tempo for efcb task, the solution time for each subject was

recorded in seconds on each problem and divided by"the number of

responses on that,problem. In general, the between-subjects analysis

of these data yielded significant effects for cognitive style,. In

ebhOrt,A reflective children, responded tare slowly than impulsive

Children on the pattern matching task, F {1 /Z6) = 5.71, p_< .02.

In Cohort B, reflectives were slower than impjlsives on the twenty questions

pictures tasOb f{1/26) = 4.89, 2.< .03 No significant sex effects in

response tempo were found.

.0:The \

refore, the data do nbt provide impressive evidende that

reflectives and impujsives differed in. response tempo on the problem -

solving tasks that were used, nor is there strong evidence to suggest

that they show different,deyelopmental trends in tempo .of responding on

these tasks. Simifarly, with the exception of the twenty questions

pictures problems on which subjects showed a trend tq,ard longer response

times over the three periods of study, no consistent developmental

pattern emerged that would suggest syitematic changes in onse style

16
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Table 2 shows the correlations between average solUtion times on

each task and selected measures of strategy behavior On the same task

,
each year of the Study. These results generally support' the conclulion

'.,thattslow responding was positively associated with effilcient *strategy

behavior. However,- the magnitude of this relationship varied greitly
.,

acf-ots tasks 'and age levels within cohorts.

The positive relationship between response tempo and information

prOcessing efficiency was most evident for the pattern matching task'.

.0

Highly signifircant correlations b'etoreen information, scores and response
I 4.

tempo-were found .for all three age eloiels within each cohort with the

exception 0 13-year-olds in Cohort C. Positive correlations between

tempo and constraint-seeking and/or riegative,correlatiohs with hypothesis-

seeking on twenty questjons - pictu.res were found for ages and 8 in

Cohort At -ages 9, 10 and 11.in &hart B, and age12 in -Cohort C. The

same pattern of relationship was found for 8-year-olds in Cohort A,.
. /

10-year-olds in Cohort B, and 11, 12 and 13-year-olds in:eohort on

r-
thetifenty questions - verbal task.

Although slow responding wasroodestl" Correlated with.attribute .

responses on matrix solution for 7-rar-ol the opposite relationship

was foUnd for 9-year-olds in Cohort A. Si larly, for 11-year-olds in

Cohan -B and Cohort C and for 13-year7olds 14 Cohort C, fast responding

Was associated with more efficient performan'olt In order to interpret

till's finding it should be noted that the matri solution task was

particularly easy for older children and was qitite susceptible to

practice effects. In fact, there wasa.progresiivd increase in the

freqbenoy of thd optimal strategy 'from approximately 759 at year 9 to
., .

#

5 't
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. - 9 % at year 12. Tinis, once competent problem solvers .ha4 acqui're a
.. . .

.r. ... ...'-, t';
focusing strategy -fosrsolying matrix problems, and thbrougniy practiced

- . ,,

a

-1 it

tegiesProm S01,-;tipg St

.

r

this strategy in repeated asigssulints.;.the,y were able to pi:oiess

information very rapidly in relation.p legs corgpete'nt prthjem solvers.

These findings suggest that response teFik during prolem solving
, .

is determined/by the type of steategy,that is. used byia given child on
_ .

that particular probl em and the extent to whi eh he/shi.camlise'the
. -

strategy effectively. Thus, -when 'children proceedlowly and P

efficiently on a given task, their response'tempo may be attributed to

the use of more systematic and time-consuming str tegies. However, once

the optimal strategy has been. Sul 7y atqui remand well practiced it can

be followed with greater speed without diminished accuracy.

Iflationship Between Style Measures and Strategy Measures Over Age

In order td investigate the-long-term versus short-term predictive

value of:the Matching lisamiliar Figures test, cross-age correlations were °

computed bOtween MFF error scores and response' latencies and the various

measures orrtnategy behavior. Thpanalysis 'used the entire longitudinal

sample regaHless of cognitive style classification and was carried out

for the-two JIFF measures seaprately within each (cohort.
0

MFF,latency. general ,..,response latency o'n the MFF test proved

to be a rather'poor predictor of performance on-all tasks and when

ignificant correlations were obtained they were quite modest, ranging

o .27 to .46. Only 1 of 18 correlations between MFF latency

itinformation scores on matrix solutions was sigificant and only three

word between the same measures on pattern matching, Six out of

36 lations for twenty questions\ picutres were ,sivifitant, and

4 out of 36 were sighificant for twenty questions - v rbal.

18
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MFF errors.- Although MFF error score were negatively correhted- - o ,
.

. . s

with infdrmation gcores,on iP.atrix solution in 4 out of 18 cases; in only.
t

,
,, .

.

one instance was there predictiorr from dne year to the next. By . -,1-..*

A _ .. ,

contrast, 12)f 18 correlations between MFF error and Inforvation t '`,'

, . -N , . .

4 S COS:0 on pattern esAching were .signtficant and tross-age correlations"
i ,

. .4
q

1 . 5 '

ranging from -.27.to -.42 were founkfor all three cohorts,* A 'total. ,...,

- \ of i4 out of 36 correlations. were significant between error scdres 'and'
t

4.rategy measures on twenty questiont - pictures and 8 of theswere

found within Cohort C. .941 the other hand, onle two correlations were
,,

significant for the twenty questions - verbal measures and both of

these were btaindd in Cohort.C.
.

`Pus, e relationships between error Scores on the MFF and

measures of `strategy kehavior were considerably stronger and more
- .

evident than those for response latency, and some evidence was obtained

for prediction over a three-year period with two problem -solving tasks.

These results. suggest that individual differences 14 response accuracy

as measured by the MFF test rather than response tempo account for the

,superior performance of reflectives when they. are compared to irnpulsives

on problem-sblving tasks. Also, these results ,suggest that MFF error

scores may be a more useful measure for identifying competent problem

solvers than MFF latency or both MFF latency and errors, as is the -usual

practice.

Discussion
,5

The results of the present study generally support the conclusion

that reflective children.as identified by the Matching Familiar Figures

/of ..

test wire more likely to adopt more systematic and/or mafure problem-

'solving strategies on tasks that require sequential bypothesis testing

19
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'''. and information processing than were impulsive children .of the same age., ....

Alio, 'longitudinal analysis of problem-solving data over 'a three -year .-, t . ,

----- it.
. t. -period supportS thP conclusion, that reflective children .displayed a....,,
,"

"

elementary years than'did irlPpiilsive children. At the same time, the'

relative impact of reflection-impulsivity varied systematicilly,with.
4.

developmental level over the elementary age range, the relative difficulty

pore accelerated acquisition of efficient strategies over the early .

of the problem for .children at different stage's of cognitive development,

and repeated experienee with the-type of prdblem at hand.

Developmentally, -the' impact of cognitive Style on problem solving

was most evident in the behavior of children bftween the ages of 7 and

9 years on Pattern-Matching and Twenty Questions - Pictures problems.

Reflective and impulsive children :who- wer followed between the

'a-ges. of -9 and 11 yes did not differ (ri problem-solving efficiency on

. any of the tasks that were usetLand both groups owed the same pattern

of -linear develoliment over three' years. N rtfieless refl ectives who

were tested initially at 11 years *the oldst cohort were superior to

inpulsives on, all measures of efficiency. and 'strategy behavior for both

the Pattern- Matching)and Twenty Q4stions -1. Pictures tasks. Following

'phis initial discrepancy, the performance of both groups tended to

stabilize at near ceiling levels between 12 and 13 yeari.

3 In general, the longituciinal results with respect to'cogn'itive style

differerrces in problem solving confirm those reported previously, in cross-

sectional ,stpdies (McKinney, 1973, 1975). HowVer, the failure to -find

4

differences between reflecVves and irnpUlsives on Twenty Questions - Pictures

at year 9 in Cohort 8 was not co.-,:istent wit the data reported by Ault (1973).
I

Also the negative findings for Cohort 8 attere noVconsistent with Cafrieron's

20
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/.
.(1976) data on the Pattern:$atching task which replicated McKiAney'

'9(1875) results for.7 aredIT-year-Olds but not for 9-year-olds. In order

to elucidate this appariiiit discrepancylin findings for children between
,

9 and 11 years of .age,' it is necessary to consider two factors - -the effects
.

of practice due to, repeated,measures. in he longitudinal design, and the.

possibility of sampling bias in the original subject selection procedures.,

In ,interpreting the developmental trends displayed by reflectives

*
Sr i

.se.= M . Problem Solving Strategies'

19

and. impulsives 4t should be noted-.that the perfonnance of the oldest

children in each cohort was_ probably facilitated by prior experience

with ,the task. An alternative, explanation, for differences betwee reflec-

tives and impulsives at,year 9 in Cohort A and;at year 1.1,,in Cohort C with

, no diffferences at years 9 and 11 in 'Cohort B may Be sampling, bias,

However, the data that, are presented on subje gracteivistics in
I

Table 1 does not }end support to this interpretation. Although the

results for' Cohort B cannot be fully explained Within the context of the

present study, they do illustrate an important problem with the conven-

tional methodology ;of cognitive-style research.- -Since reflective and

impulsive children 'are selected based on sample-specific criteria, the/
potential'for generalizing across different studies is often-limited.

As expected from previous research (Kagan and Kogan, 1970; Hess

1976), response latency and error scores on the Matching Farailiaf Figures

test were moderately stable over a per -iced of 2 years. In general, MFF

error scares were less stable than MFF latencies, Howeve 'MFF errors

were more highly correlated wjth measures of problem - solving efficiency
,

than were MFF latencies.' Therefore, the data suggest th t response

accuracy, as measured by the MFF tests rather than response tempo, accounted

for performance differences between, reflective and impulsive children.

21
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. These results tend to support, those of Block, Block and

Harrington 0974) and underscore their concerns regarding the inter-

pretation and utility of th&tempo.dimensionst A key assuirption, in

much of the research on cognitive tempo has been that MFF latency

reflects a generalized predrosition to respond either slowly or

quickly in situations of high response uncertainty. However, comparisons

between reflectives and impulsives failed to show consistent-or marked

differences in tetpo of responding. on the four problem-solving tasks

*Used-in this study, nor was there evidence that-they shdwed 'different

`developmental patterns with respect to tempo measures during problem

solving.

Further, the analysis of the relationshipi between response tempo

.
,

during problem solving and performance on the same.taSk showed that

. t

'the childis,tempb of responding was a function of his/her strategy

behavior. Thus, the data suggest that whp reflective children per-

formed more efficiently than impulsive children on a given task, their

superior performance could be attributed to the use of more soph ticated

strategies for processing task information; ratherithan-their tempo

of processing per se.

Therefore, one implication of.thesp results.is that modification

of the impulsive style might be accomplished by either man-tpulating

task variables during problem solving and/or by specific instruftion

f
in more dfficient strategies. Since a number Of:studies have

shown that `young elementary school children cansacguire and 'transfer

rather complex problem-solving strategies (Anderson, 1965;,Keislar &

Stern, 19704 McKinney, 1972), there appears to be both practical and

theoretical merit in focusing on the manner in which children process

task tinformation as opposed to their tempo of; processing.

.
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