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) Thls paper presents a devel nértal =tudy ¢f the o
pgoblen SOlVlng strategies cf teflective a isrulsive children.
Subjects for the ‘study were 20 mine-yean~olds, 35 £levern-jear-clds,
and- 23 thitteen- year-olds who Lhad teen classified reflective or
impulsive at ages 7, 9, and 11 and whc fad been fcllcied - o
ddngitudirally-over a three yeaL pericd. 1lhe Batchlng ‘Familiar . .
Plgures (MFF) test -and four protlenm 5017139 tasks shich prcvided . —
* inforasation on problem sciving strategie< were administered each year . T
during the program. The zesulfs of the study suggest that ‘children -
vho were classified as reflective cn the KFF wele BCIE likely' to ® .
adqpt .mcre systematic and/or mature strategies cr tasks whach

- required sequential hypcthesis testirg and 1nfcrlat1c: PICCESSitg s
than wsere imgpulsive children of the szme agew.” 1ke lcngltuclnal .
‘analysis squested that reflective childrer -acquired ‘efficient :

" strategies_‘more rapidly over the early elexertaxy‘yearc than did :
.impulsive. children. At the same time,” the relative ispact c¢£ = - -
reflection-impwlsavity varied stematically with the developnental

| leve} of the subjects, with the relative difficulty cf the probies’

. for childres- at different stages cf- ccgrltlve develogisent, and Hltg

repeated expenenaec with the proble:= uséd in the =tudy«\(ED) N
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. Abstract’ _t .
The.subjecis were 36 9-;ear;o1qS,*39 ]1-year-o1ds, and 23 13-year-oldsy
" who were classified as either refiect%ve or impu]sive at ages 73f9, and 11,'7" |
and were followed 1ongitud1na11y for 3 years. Each 9ear subjects were-
'gtven the Matching Fah_]iar Figures Test and four problem-so]ving tasks
that prov1ded measures of sequen:xa1 1nfonnation processing strategies o
The reiative impact of reflectfon/impu]sivity on problem so1ving var}ed "
' systematica]]y with deve1opmenta1 Tevel over the elementary age range, and
the relative difficulty of the preblem for chi]dren/of different ages. - .|P
:; During the early elementary period (ag‘\\QLQ) ref1ect1ves d1sp1ayed a more
--'acce1erated rate of strategy deve]opment than impu1sives on two of the foyr
tasks—\\Differences in strategy deve?opment were not found between the ages :
- . of 9 and 11; however, in ear]y adolescence refTectaves showed greater gains '_
in the use of optimal strategies than 1mpu1sives. Cbrre]ationa] analyses
suggested that when ref1ectives performed more efficient1y than impulsives,
their tempo of responding could be attributed to more mature, systematfc

and necessari]y time- consqming stre;egies
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3 BT . Development of Problem Solving Strategies in 2
. . Reﬂectiver and Impulsive Children ’

LY

- An extensive literature Das evolved o}er the past decade which indicat£§_
that .reflective children are more competent problem . so1vers and show better

achlevement than impulsive chi]dren (Kagan & Kogan, 1970; HcK1nney, l975, _— i
Hesser, 1976) . At the _same time, it is not clear fros this 'Iiterature . . "

exactly hoy individial d1ffere s in concept and tempo inflyence perfor- . :

mance during problem solvi he c]assroom environment. Receht]y,

several major issues havg been raised regard1n9 the oonceptuahzation,

co‘nstruct va'lidity, and 1nterpretatio\n\ reflection/impulsivity, as defined ' o .

by Kagan's (1975) Matching Familfar Figu:es Test (Block, Block, & Harrington; -

1974 1975 Haskins &_HcKinney, 1976; Sa'l?.ind & Hr‘ight, 1977). A\

Kagan has proposed that performance différences betweeﬂ reﬂective ah—d

1mpu'|sive chﬂdren are the resu'lt»of anxfety over potentia'f faﬂure in

. situations of hfgh response uncertainty (K.aga\h Rosman, Day, A'Ibert &

-Phillips, 1963; Kagan & Kodan, 1970}. Accordipg ‘to the anxiety h.YPOtheS‘ES, .

jmpulsive chi'ldren have deve'loped an Expectanc for faﬂure and are motwated .
. . ' t to renove themse'lves from the test situation as- quf ly as passible at the .

] expense of~ ae‘curacx. On. the other hand, reﬂec ive\chﬂdren are oveﬂy

concerned mth making errors. _Rowever, since th are confident in their

/ . :
vamables (Bentler & Mcc1a1n 197-5 Block, et. a‘t ,1974 Bush & Dneckt 1975, .

I '4essér, 1970) Swm'lar'lj, severa'ﬁ studies in wmcﬁ success and failure have~

2
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4/4“ i{ ] ‘been manipulated durfng prob1em so]vfng have not found differences between

7: AT the‘two style groups (Hesser, 1970;- Reali & Hall, 1976) ‘
x,; ' . Nevertheless, a number of 1nveSQigators shave attempted to mod'fy

iﬁpulsive respond*ng in test situations i the bope that an,31teratxon of

;;;.,* , response style would result 1n improved performance In genera? these

Y s studies have‘shown that response tempo ‘can be increased by using mode]ing,

. . ‘enforced  delay; or reinforcement technfques~(A}b3;t , 1970; Ka qbn, 19663
Kagan, Pearson & Welch, 1966; Real) & Hall, 1970; Yandd & Kagan_’1968) tT
Howexgr, these treatme@ts have nqt been $uccessfu1 in reducing error rates
“in impulsive children. On the other hand, training procedures which have
gaught impu]sive chf]dren more. efficfentyinforéatfon processing skials
have beep more successfuT in 1mprovfng perfo?mange (Debus, 1978; Egeland,
1974; Meichenbaum & Goodman, 1971 Zelnicker, Jeffrey, Ault & Parsons, 1972)

N The resu?ts&of these studies suggest that greater attentien should be
devoted to the manner in which task information is processed by ref1ective
and impulsive children rather thas to the tempo of processing. If

impulsive children have not acquired eff1c1ent strateg?es for processfng ~

task information necessary for so]utfon, then tradnfng procedures which

.’— “merely alter response tempo cannot be' expected to improve:the quaiitv .of

- " their perfonnance ) ' "

“Recently, severa] stud1es have found that reflective children display
more mature and efficient ‘problem so1v1ng strategies than impulsive :Bildren
in tasks that 1nvo1ved sequentia] 1nformatiqn processfn? (Ault, 1973, Denney, ~
. 1973; McKinney, 1972, 1975). Also Zelniker and Jeffrey (1976) found that -

) *’fmpu]Sivelch}ld en tended to process information g]oba]1y,‘whéreas reflectives
,- demonstrated a je
an a1ternat1ve to the anx1ety hypothesis for exp1ain1ng performance dffferences
betwe@“‘refleftjve and impulsive children in the absence of consistent

\)4 ' ‘ -

e

refeﬁ%nce for analyzing stimulus detail. These studies suggest

¢
¥

A)

B




. <. . ’ .‘Pro!;'(em Solving Strategies .~ _ -
- . .. v

differenc-es in IQ - that 1s, ‘that they difjer in the way they process task fnfor-

.mation to arriVQ at solutwn The primary obJectwe of the present study was to )

L4

5
describe the longitudinal development of problen so'iving strategies in reﬂec’tive

“and 1npu'|s*!ve children during the eTeBentary school period. E¥hile evidence‘has )
accunulated to suggest that reﬂective and 1u;pu'lsive cH'Idren differ in the
,Hay they process task 1nformtion. the course of strategy development 1n
the two style groups is unknown. Simi'lar'ly, '|1tt'|e is known about the
genera'th of strateg,y behavior with age and style gw\ups. The‘refore,
it 15 important to determine whether 1nd1v1dua1 differences 1n performance '

represent genena'lized approaches to a vari ety of prob'le&;lS» or whether they

. are unique to g g‘?ven problem with particular stimulus or response properties.

i Hethod - )
Study Sample . - T . .

The total sample obtained during the ﬁrst yéar of the pro,ject ':\'aS .

composed of 109 7-year- o'lds, 83 9-year-01ds and 80 'i]-year-o'lds‘ AN

~
of the chi'ldren were enro}'led in a sing'le elementary schoo‘l and represented

E the total m.mber of chi'ld.ren ava‘l'lab'le Each ch‘f'ld was tested with the

Hatching famﬂiar Figures (MFF) test in the fall of 1973 to Se'lect groups

of reﬂectwe ‘and 1mpu'lsive children. Fo'!'lowing the procedure recomended
by Kagan (1966), subjects who scored abdve .the group median for their age
in response 'Iatew apd be'low the median 1n errors were c'lassified as”

'reﬂ ect'Ive The opposite critena were used to c'lass‘%y subJects as

impulsive. - This. procedure resu'lted in an initfal longitudinal ‘samp'le of

"" 87 reflectives and 86 impulsives. Each, child who was c'!a_ssfﬁed as e'lther

reflective or impulsive was given the Wechsler Intelligence Scale, for

Children (WISC)4 verbal scale. Subjécts who scored more than one standard
g

R deviation below average were exclided from the sampie.

- . .
. . S . . .
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. A total of 43 subjects were 1ostfthe eecondﬁyear‘of the projebt, ’
and an add1t1ona1 38 were not ava11ab1e the third year v A tota] of 40 o et
' children.in the youngest age group (Cohort A) were tested at 7, 8 and 9 .
years; 51 subjects in the middle age group (Cohort B) were tested at 9, 10, ’
and 11 years; and 3] subjects in the oldest age group (Cohort C) were 3
tested at 11, 12 and 13 years. Table, 1 proyides a sumary of subject ]
charactefistics in the 1ongitud1na1 sapple for each ye;r)of the project
Inspection of these data indicated that the ages, I1Qs, and-socioeconomic .
‘status of chi]dren in the ref1ecf1ve and rmpu1sive groups remained
comparable froh year to year which suggests that subject attrition was

not setective. . NP cT 1., o -

e T Insert Table 1 about ere.
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. TN .
Th:njihaf/;amp1e'wa\\s/eposed of 39 bo? andl53 gfr]s.- An ana]ysis o
- of vari WISC verbal IQ scer fndicated that#ref1ect1ve and 1mpuJ-

'sive ch11dren'1n each age gnpup were comparab}e, although ref}ectives . e

s

tended to ‘score somewhat higher than impulsives at-each age 1eve1 The
sample contalned 76 white ch11dren and’]ﬁ b1ack children The socio-

economic status of ea;h child was c]assified as either upper, mrdd}e or )
( l -
lower by using the Hollingshead scale for parenta] occupations ‘o

A series of Ch}-square ana]yses for each age group in the fﬁna? sample )

faﬂ( to show stgnificant-differences “in the SES distr‘lbu‘t‘lon for
P ‘. N Y ¢ ¢ | ’
reflectives and impulsives. , N
-~ -1 LT R N

Experimental Design : —1 ceolt

*

The primary desigh was a 2 X 2 ¥ 33; 4. mixga jactoria1 The between-

subJects factors were sex (male and fema1e) ﬂnd cognitive style (ref1ectfve

Se

and 1mpu151ve$ The within-subjects facterq were age within deve]opmenta]

1eve1s (Cohort A, 7, 8 and. 9 years, Cohqrtit, 10 and 11 years. Cohort C,

RN 12 and. 13 years) and order of probikm-adn1nist roorfor each task.

& A . " ‘e T =
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The order of problem adninistration for each task was varied by Latin

squares, and each subject Was randomly assigned to one ofsthe possible

_orders. : . ‘ N
Procedure.

= 4

. Suoiects were tesied 1nd§v§dua11y 1n two separate.sessions each-%gar
of the prdject Hith the exception of the WFF, which required approximately
10 minutes, tge segsions lasted from 30 to 45 minutes. In order to control.
fog age var1ab11ity in the 1ongitudina} anaJysis, each subject was tested

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

ﬁ%d 1nstruct1ons were the same Lach year; however, s ’pecT?TE probTem solutions.

fﬂere changed to eliminate - guessing.

. ‘/

Experimental Tasks . .

In dddition to the Matching Familiarrf1gures test, each subject was

given four tasks to assess his pﬁoblem solving eff1c1ensy and strategy ":

behavior.

7
g

3

Matrix solution. The stimuTi for the matrix solution task were 16 -

drawings of flowers which varied according to size (large or sba11),

'coTor (red or blue), number of petals (four or six), and contgxt element. .
(ye{jow square or triangle in cen r). The stimu]i were randbﬁiy arranged

1n a 4 X 4 matrix of 3-inch (7.62 cm) squares and were presented-on a 12-inch
(36 48 cm)AEQuare card. Subjects were given four problems in ﬂhich they were

Instructed to find the correct flower in the array by asking questions that

 could be answered as yes or no. I? the child asked a question that could not

. ’ ) . .. \ - ;{ . ('
can be found in Eimas -(1970) and McKinnéy (1973). "%
’ T, * : ’ ) ! ég - s
. : . ) 5
. . « ' E

g .~ ;.

‘ ~ @ .
‘ . N ?‘%:‘ ~v

# . S . . >
_ be answered as yes or no, the experimenter said, "Remember, Itcan't give you
. L PR

{
. { .
any answer but yes or no." A more detailed description of this procedure

»
]
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_Was used. Each response or quest1ons was scored as either an attr1bute,

hypothesis was scored when the subJect asked a quest1on that could not_

board. T ) . —\QV

e 7" Problem Solving Strategies *  * s
o - « 7
- - v LI " ’Q [ :
Oné convenient measure of the efficiency~of information processing
4
on thjs task is .the expected or average amount of informat1on.obta1ned by

A ' +
each quest1on. The expected/knformation score for “each response Was . *
. computed as the-sym of the informational outcomes in b1ts weighted by . .,? D

the probabilities of occurehce. Since the mean fnformatlon Scores also | -

) ]
. reflect the numper of\en;ggg_nade by the subject, it was considered

des1rah1e to provide a meaSure of the general approach or type of strategy

followed by the subject as we11 as‘the efficiency with whwch the strategy .

4

spatial , specific instance, or noninformative hypotEES1s. K7 attribite

hypothesis ; was def1ned as iquestion about one of the four stimulus
dtmensions in array, e.g., -1s it smali?"."f‘zgéiﬁal hypothesis was
def1ned as a question about the position of-the correct element in

the array sdch as, *Is it in this row?". - A specific 1nstance hypothes1s
was scored when the subjéct selected a single st1mu1us. A noninformative

’A-

be answered as yes or now,.or when he asked a quest1on that pxovided . o

- M -

redundant informatxon ] ,xe

-

Pattern matchind’//]he stimyli forithe pattern matching task w
eight’ circular patterns composed of b1nary elements (\jack or white dats).
Each pattern'was‘drawn onadX®é 1nch ,{10.16 X 15.24 cm) card which
contained four blatk dots and four white dots. The eight stimulus .
cards were displayed in‘a 2 X 4 array onaa/ynoden board which was tilted h -’
at a 15° ang]e. For each problem one of Lhe eight patterns was concéa]ed

behind eight movable shutters\tn a 10-inch (25.4 cm) square problem

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

. -~ . . )
The child was told that his task was fo identify the concealed pattern -
by uncovering as few of its elements as possible, In each ‘problem, the < 1‘ .-

. - Y . " :
- stimuld were chhstructed such that on the first trial, four of the .

- .- _Shutters wou]d e11m1nate half of the patterns and four would e]tminate

> * [

sing]e patterns Y, Eakh_response which e]iminated half of the remaining

. ‘patterns on & given ‘trial was class1f1ed as a focusing response and each .

<

response which eJiminated a single pattern, was classified as a scanning

v

,response On succeeding tnials subjects could make noninformatrve o
.responses by openlng sbutters that provided redundant 1nformat1on
s ‘//’
: £ach-of’four»prob1ems used a different set ‘of eight patterns and -
Was 1ntroduced by Saying;‘"Now find.the patter® inside the board by -

opening as few w?ﬁdows (shutters) as possib1e " The expected 1nformat1on .

-7 ~

obtained ﬁy each reSponse Was computed in the same fashion as that for

the matrix solution task,, Additional dependent measures were the numﬁer

ofinonfnformative responses and proportion of focusing responses. ) -

. . . . . )
TWenty questions Each supject was given a series.of four probIEms

4 which used a twenty-questlons procedure similar to that developed by
')’Mosher “and Hbrnsby (1966). Two problems were admjnistered under each o
. of two cenditions In the first set of prob]ems, subjects were ‘shown
the array of p1ctures used by Mosher and Hornsby (1966),.and their
task was to discover which plcture the experimenter had in mind by asklng
questions_that cou]d e answered as yes or no., The second set of prob]ems Y

. Was presented verba%]y, and the subject Was required to cbnstruE;\the '

alternative solutions as well as‘to determineithe correct one.
- 'The stimuli for the pictures prob]ehs.were 4é colored drawings of -

" common 'ohdects (e.g..\shoe.\bike, cow) which were arranged in a 7 X 6

i

-




~ out what happened by ask1ng questions tﬁat cou1d be answered- as yes or s

- recorded verbatdm. A questwon was cﬁassified as hypothesis -seeking (HS)

PR . R - T e a7
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P

array. Each sub;ect was asked JZ 1ocate two p1ctures in the'array.

The verhal prob1ems d1ffered frOm the twenty quest1ons pictures ) '~f

L
ﬁrob1ems in that the exper1menter described an event for the subject

and then asked the  subject to find out how it had happened by ask1ng

Ld

questions - In the first problem the 5ub3ect was talk that a boy (gir])

" left schoo] in the m1dd1e of the morning and was asked to try-to flnd

no. The solution to the prob]em was that the child had been 1nJured and

.had to go to the doctor or to the hosp1ta1 SubJeCtS ‘were allowed to .

ask a magimum of 20 questions, but also were allowed to g1vé up after
-~ L 0
Regardless of-the subject s performance on the f!r;f’problem; he
~
was given a second one in which the experfmenter said, "Now let's try :

two, 30-second per%ods éf si1ence &

one more. Afman (woman) was driving down the road in his 4her) car

The car went off the road and hit a tree. Why did the car go off the
road?" The solution in the second prob1em was that it was snowing

and the car skidded on the icy pavement. As with all other prob'lem; &

solving tasks, the specific solutions for the verba1 prob]emsfwere ) .

changed each year of the prOJect ; . Lo L N

J
* Subject's responses on each of‘the twenty quest1ons problems were

o whéﬁ\i} referred to a single alternative (e. g " Pictures--“Is 1t the . C

constraint-seeking (cS) when ‘they eliminated two or more alternét1ves‘:

cow?", Verba]--"Did he fall asTeep?'). Questfbns were " scored as ~

(e.g., Pictures--"Is it an animal?",-yerbal--"Has he hurt?"). A
. . . r . .

-

-, . » . . '
v~ '
, L4

. T . .
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question was scored as non1nformative if it could not be answered as

§E fu ~ .
yes.or nq, or if it prondee redundant 1nformat1on .. ‘ a s

‘Results o, :

' * ' 9 - . ‘ ’ R ' s
Problem-Solving Behavipr ~ ~ % 1~ R

+

In order to compare,Xhedprob1em-so1ving eff1c1ency of refTective

and Ympulsive chlldren, a 2(sex) X 2(cognitive sty]e) X 3(age) multi-
. “ .
variate analysis of variance was performed on selected dependent R S R 4

&

measures for each task This analysis was performed separate}y for : .
. \ - % ’ )”'
each F9e group in the 1ongituéTnp1 samp]e The w1th1n-subjects‘§na1ysis ST -

td

on longitudinaI trends w1th1n age grodps was carried out by computing

~\\\the 1inear ‘and- guadratic contrasts for the repeated measures effects.- ‘o

z -

~. .
The deve1opmenta1 trend for each- variable and the-resu1tant 1nteractions

»

o w1th sex and cognitive style were tested by a mu1tivar1ate analysis

of variance .on the two sets of contrastscores (McCall' & AppeTbaum. 1973)

.
\ .,
'

;*} ) Matrix soTution Flgure 1 shows the-everage expected 1nformation

scores 1n bits for ref]ect1ve and 1mpu1sive subjects at each age level.
i

The ana1ysis of variance on the scores for each cohort fai?ed to show ’

J' -

significant main effects fbr efther ref1eftion/1mpu157v1ty or ex. |
Since the sa;‘hfinding was obta1ned for all other measures on this

task, the means and standard deviations for other variables were not .

reported here. ' ¢ . °
s ‘ .o

"-

. Insert Figure 1 about, here

________ ommmmemn Smmmemmamaien B ,

[ . Y - . ” . . ) .
The gy?tivariate andTysis of age effects for the information scores . . 8

’ n . . . i - - / ‘ . = . ‘r..

revealed a gignificant linear increase for all cohorts, and signﬁfjcant s T

quadratic trends for Cohorts B and C. ~The genera1 absence of 1nteract10n
- in the withjn-subjects ana&ysrs ind1cates that the pattern of strategy <

deve?opment¢On this tesk was the same for ref]ect1ves and fmpu]sives

and,for boyS and gir]s. Inspectlon of data in F1gure 1 suggests that -

-

R v R

4 F .



) refiectives on information scdres, F(1/26) = 3. 67, B < .06 Similarly.

'are illustrated in'Fi;ure 2.

' for any of the. Qattern matching variab]es for Cohort B. Similarly,

. a1though significant linear trends.were found ﬁor all variab1es

" the oidest Ehhort, fji/lQ)’= i5,39! p < .001.‘ Aiso,’hoys processed x}

P - . & 5 ® o . . w ) .
A o ' . : g Probtem Soiving'Strategies -
S T ; : 11 L -
b ’ . ' " - - 3 . .. v . ,
. : S Y R
the quadratic trend for Cohorts B and C gan ge attributed to ceiling f ¢
" effects between the ages;of 10 and'13 years for this task.' -7 R */
- Although the results -for the°oidest chi1dren in the 1ongitudinal o,

~ , ¢ . *
sample Were fiot surprxsing given prev1 s findzngs (McKinney. 1475), . ' ‘!

the'faiiure to find performance difTe ences between reflectives and

‘.onsistent with previous results

impulsives in- the you

!

(McKinney, 1973, %975) -on asg¢d on corss-sectional compa:;sons.

4

Pattern matCﬁing, Comparisons between reflectives and impuisives ‘

within ‘the youngest cohort reveaJed sognifioant differences fn favor of

L'the repeated measures analysis indicated that ref1ectives sﬁaﬂjﬁJa _greater ~'~

tncrease in inf0rmation scores  between the ages of'7 and 9 years than * .
impuisijes, F(éyzs) 3.39, p < 07 No significgnt sex effects or ﬁ"“’
interactions viere found.in the between groups analysis for Cohort As’ ‘
however, the. within-subjects analysis showed that girls made greater

gains than ‘boys, F(1/26) = 5,22, p < ,03.-,These‘developmentai trends -

. .
SN A Gy S e N G5 G P W T B S S U W PR O ap P PR A6 S5 SN WN W A I

) Insert Figure Z -about here T . ,

-------- e L L L T L '
. .

~

In generai, no 51gnificant main effectsﬁor 7nteractions were- found '

) N )
(ps al1 < .001),.no significant differences in the patterns of devélop-.

ment were noted between ref?ectives and impulsives or between boys or - .

[ e hd

girls. LT ;

+ . R !

“Q On-the other hand, highly significant effects ﬁere,found within

information less efficiently, F(1/19) = 7£.68, p < .002 than did girls.” - .
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-The within-subjeois ana]ysis for the o1dest cohort yielded a sigﬁificant
, quadratic trend, F(1/19) = 8.59, p_< 009 Thus, the performance of
both groups improved between the ages of 11 and 12 years and tended %

to-stab11tze at near ce111ng between 12 and 13 years.

. * However, boys showed greater gains 1n information scores, F(1/19)

l5 81, p < .D2. than girls, and 1mpu1sives showed a more rapid 1ncrease

? N -
in eff7c1ency than reflectives, F(1/19) = 4, 24. p < .05. Therefore, . °
although boys_ and 1mpu1sives dispTayed a Jgreater: def1c1t in performance

!
, at year 11, they 6§de greater gains between the ageg of 11 and 13 as the

performance of g1r1s and ref1ect1ves approached ceilind\\~\J
" “Twenty questions - pfctures The analysis of data in Figure 3 for
Cohort A indicated that nafligtive subjects asked §ignificantly fewer >

hypothesis seeking questions than impulsive subjects, F(1/26) = 4. 09, p ¥ .05.

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

greater 1inear decrease in hypothesis- seeking questfons than 1mpu1sives
between - the ages of 7 and 9 years, E(1/26) =-3.55, p < 07 Although
the overa11 effect for cognitive style did not approach s1gnificance, .
the 1ong1tud1na1 trend was for ref1ecgiiss to-show a greater 1inear
1ncrease 1n constraint-seeking than impulsives, F(1/26) = 6,74, p <,.0T.

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

”-‘coh--------,--n‘- ---------

Insert Figure 3 about here .
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- The ana]ysis fbr-sohort B y1e1ded 2 highly significant sex X cognftive

T

sty1e 1nteraction for the percentage .of constraint-seeking questions,’

£ﬁ1/35) = §.43, p < .02.» SimilarTy, the sex X style interaction for

hypethes fs-seeking q;gstfohs approached siénificance,

= -
,

E(1/38) = 2.93, p < .09.

.

<
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'Inshection of “he -cett means indicated that reflective girls disp]ayed - '

- S - ,‘. .

. 2 g more advanced strategies than refiective boys ‘whereas impuisive boys R

]
:‘ v = . Q . .

were superior to impu151ve gir]s

- ~ .
” 4 . . *

. The‘data from Cohort C on the twenty questions, - pictures task
-indicated that reflectives asked re]iab]y more c:nstraint:seeking A
questions, E(1/19) = 8, 74 p < .008, and fewer hypothesis-scanning . . f.;
qoestipns, F(1/19) = 5. 60 p < .04, than impulsives Aiso, girls.asked > |
nore constraint-Seeking questions than boys, F(1/19) ='7 9%, 2_< .01,
A]thoqgh the main effect for repeated measures was significant (gs < .001)

in every case, neither cognitive style nor sex interacted with Qcca51ons

of measurement; theréby suggesting that the pattern of development over

‘ this period was the Same for both style groupsignd sexes. . ® 7 .
L .o -
TWenty questions - verbal, - Inspection of the data in Figure 4 '
. ye
confirmed the initial impression from pre]iminary evidence that this * -

was an exceeding]y difficqﬁ; task, even for the children in the 0ldest ~-
- cohort. In fact, the between-subjects analysis for each cohort yie]ded T,

only one $ignificant effect Ref1ectives in Cohort A asked more _ :':'

constraint-seeking questions than impuisives at the 8-year 1eve1, - " o -

| . TN v

E(1/26) ='.05,-p < .05,

« | However, the analysis of deveTopmenta] changes indicated an -
» unusua] pattern of quadratic trends wzthin each cohort hith the.
. exception of refiectives ‘in Cohort B, subjects 1n each cohort tended.

P to increase in constraint seeking and decrease in hypothesis seeking .

- %
i . R . X -,

- . o~

RIC. .- 72 ‘ 1.5 .
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between the first and second year meaSures. and to’ dispiay the opposite fi,

’i ~,

trend between the secbnd and third year measures. Given the difficuity

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

| §
3 effect might be. due to the rejative .probability of guessing tha

¥ -

correct soTution in aﬁggven‘year/ . ‘ .

* .

[

Response Tempo During Problem Solving

In order to determine“the effects pf qognitive styie and age on

“—-—-—-——-—-—4

’ rgsponse tempo for éﬁch task, the solution time for each subject was

recOrded in second$ on each problem and divided by the number of -

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

of these data yielded significant effects for cognitive style. In

Cohort. A reflective chiidren responded more slowly than impulsive

children on the pattern matching task, F(llzﬁ) =5.71, p < .02,

-

In Cohort B, reflectives were siower than impylsives on the twenty questions -

pictures task{ F(1/26) = 4.89, p < .03.

No significant sex effects in

responSe tempo were found.

e

Therefore the data do nbt provide impressive evidence that

_ reflectives and impquiyes differed in. response tempo on the problem-

-

solving tasks that were used, nor is there strong evidence to.suggest
that they show different‘deye}opmentéi trends i;'tempo,of respondjng on
these tasks. $imifariy, with the exception of the twenty questions -
pictures probiems on which subjects showed a trend tqyard longer response

times over the three periods of study, no consistent deve]opmenta1
L 2

pattern emerged; that would suggest syStematic changes in<zesp6nse style

with gge. Gi o

~

&
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s across ‘tasks and age Jevels within cohorts.
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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

g ’ each year of the studx These results generally support the concluf%on

»

'f that slow responding was poSitively associated with efficient strategy

Behavior. However, the magnitude of this relationship varied gredtly

»

“..

¥ The positive relationship between response tempo and information

A -

processing efficiency ﬂas most evident for the pattern matching task.
Highly signjffcant ‘correlations between information scores and response
tempo were fOUnd.fbr all three age elVels within each cohort with the

exception of l3-year-olds in COhort €. "Positive correlations between

1

tempg and constraint-seeking and/or negatfve correlations with hypothesis- .

seeking on twenty questjons - pictures were found for ages 7 and 8 in

. was found for 9-year-olds in Cohort A. Si larly, for ll»year-olds in

this finding it should be noted that the matriégsolution task was

A ]

Cohort A, ~ages 9, l0 and 11.1n Cohort B, and dge-12 inACohort c. The
same pattern of relationship was found for.8-year-olds in COhort A, N
lO-year-olds in Cohort B, and 11, 12 and 13-year-olds in: Cohortjt on |
the - twenty questions - verbal task . .

* Although Slow responding whs modestlp correlated with attribute '

responses on matrix solution for 7~Xear-ol » the opposite relationship

Cohdr; 8 and Cohort C and for 13-year-olds 1& Cohort C, fast responding
was associated with more efficient performanci In order to interpret
particularly easy for older children and was qﬁite susceptible to
practice effects In fact there was® a.progresésve increase in the

freqhe*ncy of the optimal strategy ‘from approximazgly 75 at year 9 to

N : v ) . . ‘ —*; B )
e w— - —
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55% at year 12. Thus, once cqmpetent prob]em skoers had acquire a.

focusing strategy-for so1y1ng matrix problems and thorough1y practfced
‘this strategy 1n repeated assessménts) they were able to proquS 31
1nfbrmation very rapid]y fn re1ation to 1e§s competent problem solvers. e
These findings suggest that reSponse tempg during progrem soTVIng“
is determined/by the type of strategy that is used by a gtven chi]d on

that particular problem and the: extent to which he/she'can*use\tﬁe

. e

strategy effectively. Ihus;~when chi]dren proaeed sIow]y anﬂ,perfOnm ' <,
efficiently on a g1ven task their response tempo may be attributed to :

‘the use of more systematic and time-consunﬁng str tegies. chever, once L.
the optimal strategy has been.?ulTy a¢qu1reﬂ4;;;/awe1l practiced it can ‘
be folTowed \ﬁth greater speed without diminished accuracy.” - 4

iirjationship Between Style Measures and Strategy Heasures Over Age f
_ In order to investigate the 1on9-term versus short-term predictive
value of the Hatching Ramiliar Figures fESt, cross-age correlations were % .
computed between HFF error scores and response’ latencies and the various’ Z |

-measures 5?“§trategy behavior. T?}s ana]ysis'used the entire 1ongitudina1 -
sample regard1ess of cognitive sty]e c1assif1cat¥on and was carried out ‘
for the- two MFF measures seaprately within each cohort. . f )

HFF Jatency. Pn genera],aresponse latency on the MFF test proved

to be a rather poor predictor of perfornwnce on~a11 tasks and when

5ignificant corre1ations were obtained they were quite modest, rangfng

om .27 to 46 0n1y 1 of 18 correlatTons between MFF latency

¥ 4
:1nforsation scores on matrix solutions was sidhificant and only thrge

T o/

-und between the same ‘measures on pattern maé£h1ng. Six out of
. 36 cq[;elations for twenty questions‘ﬁnpicutres were siggﬂfiéant and

4 out of 36 were significant for twenty questions - v rba1.
: . b \

i
. -
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HFF errors. Although MFF error Scores were negatively corre?ated

one instance was 4here prediction from 6ne year to the next. By”

’:.‘.( i " ‘contrast; 12592;18 correlations between MFF err?r and infbrmation l\
. scbres on pattern matching were signtf1cant and Tross-age correlations
ranging from - 27 tn 42 were found\for a11 three cohorts, A total -
‘ :é? . \\Qf 14 out of 36 corre]ations were significant between error scores and’
S?rategy peasures on twenty question$ - pictures and 8 of these vere
found with1n Cohort C. Qn the other hand, onfy two correlations were
signiftcant for the tﬂenty questions - verbal measures and both of
' these were itaine‘d in Cohort'C.

o

* ' ~ 'Thus, the relationships between error Scores ¢ on the MFF and

- measures of strategy Qghavior were considerably stronger and aore
evident than those fbr response latency, and some evidence was obtained
fbr predictian over a three-year geriod with’two problea-solyving’ tasks
These results:suggest that 1nniv1dua1 di%ferenees ig response accuracy

as measured by the HF? test rather than response témpo'account for the

LAN Y
.:‘

= ' .superior perfonnance of reflectives when they dre compared to impulsives

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

«
> ~

~ scores may he a more useful measure for 1dent1fy1ng competent prob1em
soTvers than. MFF latency or both MFF htency and errors, as is the-usual
practice. '

Discuss1on _ o

""" The results of the present study genera11y support the conc]usion

that reflective children.as identified by the Matching Fam11iar Figures

test were more 11ke1y to adopt more systematic ‘and/or mafhre problem~
, o .

“solving strategies_on tasks that require seﬁuentia] hypothesis testing

filéﬁﬂl(fo ! _" R - Elf} ' D
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with information Scores.on patrix solution in 4 out of 18 cases! in on]y ’
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and 1nfon1ation processing than were impulsive children of the same age.

Agfo ldngitudina1 ana]ysfs of prob]em-so1v1ng data over a three-year N

;peruod supports thﬁ’COnclusion that reflective children displayed a o

"pore acce]erated acquisition of efftcient strategies over ‘the early . -

- - -

elementary years than did 1mbu1sive chiidren At the same time, the” =~

/ re?ative impact of ref]ection-impu1siv1ty varfed systematically.with:
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stabi]jze at nearfceiling lpveTs between 12 and 13 years.

dexe]opmenta] Tevel over the e1ementany age range, the re1ative difficuity

of the probTem for children at different stages of cogn1t1ve deveTop@gnt,

. 7. .
and repeated experience with the<type of prdblém at hand.

_ Developmentally, "the’ impact of cognitive sty1e on problem so]ving
Has most evident in the behavior of children between the agés of 7 aad ,
9 years on Pattern Matching and Twenty Questions - Pictures prob}ems
Ref1ective and fmpu]sive chi]dreneuho' wepé fo]!oaed between the

ages of ‘9 and 11 yei;s did not differ {; prob]em-so]ving effﬁciency on
any of the tasks that were used and both groups showed thé same pattern
of -‘1inear development over three’years evé?t;z?ess, reflectives who

were testeﬁ initially at 11 years 1n.the oldest cohort were superior to .

tmpulsives on all peasures of efficiency. and ‘strategy behavior for both o 7

the Pattern—Hatchiqg)anJ\Twenty Q\Lstjons > Pictures tasks. Fo]]owing

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

4

-r

> In general, the 1on91tuJ1na1 restélts with respect to’ cognftive sty]e _
di fferences in prob1em solving confirm those reported previously. in cross-

sectional studies (McKinney, 1973, 1975). However, the fanure to  find

. differences between ref]ect‘ves and 1mpu1sives on Twenty Queifions - Pictures

at year 9 in Cohort B was not c¢o:. istent vith the data reported by Ault (]973)

/
Also the negative fjndtngs for Cohort 8 were not’ consistent with Cameron_s

Ao g
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+ {1976) data on the Pattern-Matching ‘task which replicated McKipney's
7(1275) results for.7 anﬂ ii-year-oids but not for 9-year-o1ds In order .

1o eTucidate this apparent discrepancy’in findings for chiidren between
9 and 11 years of age, it is necessary to consider two factors--the effects

of practice due to répeated measures’ in %he Tongitudinal design, and the ,

- possibility of sampﬂing bias in the origina1 subject selection procedures.,

In interpretung the developmentai trends dispiayed by reflectives

nd-impu]sives it shouid be noted that the performance of the oldest
chiidren in each cohort was. probab]y faci]itated by prior experience
with.the task An a1ternative expianation fbr differences betwee# reflec-
tives and impu]sives at. year 9 in Cohort»A and at year 11.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 subject:égaracteristics in

Table 1 does not }end support to this’ interpretation. A]though the -
tesults for Cohort B cannot be fully explained Within the context of the

present study, they do i]]ustrate an important problem with the conven-

.. tional methodology of cognitive-sty]e research “Stnce reflective and

impulsive children a;e sePected pased on samp]e-specific criteria, the
b3 .

potentiai'for generalizing across different studies is oftenfﬁimited.
As expected from previous research (Kagan and Kogan, 19703 Hess '
1976), response latency and error scores on the Matching FamiiiafrFigures

test were moderately stable over a periqd of 2 years. In general, HFF

~

1 ~

error scores were less stable than MFF iatencies. " Howeven, MFF errors

than wer® MFF latencles.' Therefare, the data suggest thdt response
accuraEy, as measured by the hFF test, rather than response tempo, accounted

for performance differences between, reflective and imhu]sive children.

-
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* . These:- resuﬁts tend to support those of Block. Block and
‘§3rrington (1974) - ang underscore the1r concerns regarding the 1nter- .
pretatiog and utility of th& tempo dimensionse A key assumptlon.in Co

much of the research on cogn1t1ve tempo has been that MFF 1atency S 0

/ 2)
reflects a generalized predi{positton to respond e1ther slowly or

-

quickWy in situations of high response uncertainty. However, compariSons

) between reflectives and impulsives faiTed to show c0nsistent or marked

i fferences in tenpo of reSanding on the four prob]em-so1ving tasks
“gsed- 1n this study, nor Was there evidence that they showed ‘di fferent :
‘deye1opmenta1 patterns with respect to tempo measures dur1hg’prob1em
solving. . o .
. T . «
Further, the analysis of the relationships between response tempo .o
duhing problem solving and performance on the same task shoved that .
" the ch11d‘sftempe of responding was a }unction of hgs/her strétegy
behevior Thus, the data suggest that when reflective children per-
formed more_ efficient?y than 1mpu1sive children on a given task, ,their )
s

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

strategies for processing task 1nfbrmation, rather1than ‘their tempo
of processing per se. , .

Therefore, one implication of these results.is that modification
of the 1mpu1sfve style might be accomplished by either manipu]ating ‘
task variab]es during problem solving and/or by specific 1nstru€tion ’
in more é?ficient strategies Since a pumber of, studies have
shown that “young elementary schoo1 chi]dren~can acguire and transfer -;' ’
rather c0mp3ex prob]em-so1v1ng strategies (Ahﬂerson, 1965; Keislar & °. .
Stern, 1970; #cKinney, 1972), there appears to be betgﬁ)practical and
theoretical merit in focusing on the mennef in which children precess

,

task jnfbrq@tion as opposed to their tempo of: processing.
" ) - o~
4
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