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Formal Operat1ons Th1nk1n Now You Seé It, Now You Don't
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o0 a | torin S
e o Su nné Martorano
i . ) ) .
(o) e . . . ‘
vl The title of Ehis®paper re ts my alternating states of confidence when. .

. ! ) +

trying to umderstand ‘my own resedr¢h, and that of others, on formal operations

thought’ As any one of my yes2arch assistants will tell fou, I cycle from

N v
a

confidence to uncertainty, to despair and finally to renewed hope before 1

\7

gtart over again, I might a that the per1od of confidence is sd&ely the

. I
briefest part oﬁ éLe cycle. 7) AP" .
. . o In general ; tlfe mqods Aare hlghly correlated with the amount of time I have
- - . £ !
: .sgent Ehe prev&ous day/ 1ng to dec1pher my own data and integrate 1t with the

rgsults of,pther stud1es. f we take as our giapdarq/lnhelder.and Piaget's (1958)

-

h s . ’ 1, .
'statements_about the chara ter %fJformal thought and its course of development,

thén the research literatﬂfe is clearly equivocal in its support. Although
' early inveét{ghtors (Ja%kson l965' Lovell 1961), in agreemenb with Inhelder
and P1aget, aat the age of\Emergence of formal operations at betwgen 11.and 12

,.

o b4
* more recent ufudles (Dale, 1970; Du11t 1972; Keating, 1975 Martqﬁggo 1971,

N Weybright '1972) have failed to find a maJor1ty of even middle and late adolescent
,)‘ a

-®%:3 squects per orming at a formal’level.' Interpretation of these daCa is especially
4 %, - . *

LY

i~ - A . . Coe v
-Q\‘ﬁ difficult. because the range of within subject performance across tasks also
1) rmat

/: fvarie&/betw en Sy ies.' While Keating (1975), Lee (1971) and Weybright (£972)

|
N . | :

- c:;) have found Withln suchct homogenelt{\of performance across tasks I (Martorano,

9

1973) and others (Dulit 1972; Kuhn, Langer, Kohlberg & Haan, 1972, Lovel}, 1961;

(Zzg‘ Lovell, 1971; Neimark 1970) have found wirbin subject.differences'across tasks;
b N,

1 would like co suggest that the performance - cOmpetence distinction pre-

" gented by Flave}l and’ Wohlwill (1969) is a useful conceptual stratggy for
h “ '
R : °c1ar1fying the research on’ cognltlve development at the formal operations level.

« _ )N
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Inhelder and Piaget s (1958) statement about the: development and nature of

/ formal operations is essentially a competence.theory. That is, a formal ore

.- v,

logical presentation of the structure of formal thought with a description_of '

. ] _ _ , ) ‘ . .
* what the individual knows and does in an ideal ‘environment. Even a’brief | ,'\\\;‘
- ) ; ) . R . . i \ .- N

reading of the Inhelder and Piaget (1958) book willsreveal that the authors

are disc%§3ing the logical structure of adolescent thinking. But, how then

do we deal w1th the empirical data presented in the numerous subject protﬂcols.
included in the book7 Dulit (1972) has provided the answer by pointing out

* that the subject protocols were chosen not for their representativeness of
subject performance in general but for theif value in illustrating the authors'
explanation of. the chanacter of formal thought as revealed in performance on

~the formal operations tasks. ,Thus, I would argue_that Inhelder and Piaget
. o / .

. do formal atfons regearch,
. ‘ul‘v . i

Despite ‘the use of the clinical me thod when testing subjects, I believe

are describih% competence, and therein ‘lies the problem Fprthose for us who .

-the formal operations data reflect an interaction between performance and -
competence.' In discuasing performance aspzacts of behaviour I am refefiing
to those processes and conditions in real problem sicuagions that facilitate ;
. v ‘ oriinhibit the use of the knowledge implied by*a:given‘level of competence.
A pe:formance theory therefore is concerned w h<;pecifying the conditions or ;
stﬁhtegies that fdcilitate or impede performante. ; s ' ‘
'f._. . I d like to turn now to dn examination of some of the diéferences in
4{1 previous formal operations studies that might'account for the performance : .
P . « o < )

differences that I mentioned earlier. Perhaps the most striking difference

-
betﬂeen studies is the g:tual task or tasks chosen by the investigdtor ®o °

measure formal thought. Inhelder and Piaget (1958) -<imply that the formal . .

operations schemata emerge s&nchronously and thus rformance'on tasks»de- »

signed to e11c1t these schemata should be equivalent within a given subject.

!

. EI{i(j However, my doctoral research (Martorano, 1973) showﬁd c“hsiderable heterogeneity o
. ‘ , _ 4 '
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across a wide range of the tasks. While&it is not possible to determine if

ithis task performance difference represents differential competenéirpith re~

'spect to- the underlying schemata tapped,&or differential task- difficulty, I

EY 3

" think it is safe to say that the task _an 1nveStigat r uses wirlghave an .effect

on whether or not evidence of formal &hink1Q§#ls found =

- Another faCtor that seems to vary between studies is the degtee to which
/
the investigator uses'q directed method of task presentation and ques‘?ghing,

It is difficult to determine how great the variability is on this dimensfpn,

\

;but a cloge reading of the methods sections of a number of studies leads me

to auapect that there are discriminable differences. For instance, Lee (1971)

* ®

Utillzed a very specific method of task presirtation that involved a series of

.

choice points, if the subject did not show exidence of a certain level “of LG,?,//

underftanding, then the interview was terminated. I'm sure one could argue
A}

that ‘this wa either.a useful procedure (the choice points proceeded from the

‘most simple instances of the concept to the most general) or that the procedure

did. not adequately alloJ/the subject to explore all the ramifications of the

—

problem apparatus. The point is still the same - the procedure may'ﬁave

.

affected subjects performance in a way that was different from that in other

’

studies where the task procedure was d1fferent. A!variation on this point is

‘the distinction between use of th‘ aE%ual task: appa§atus described by Inhelder

and Piaget (1958), og‘a pencil™ank

4 .
and paper vsrsion of the chem; £ s task and argued hat if subjects were at a-

formal level of thought they used a system either vhen combin}Hg the actual

\ L}

‘chemicals, or when simply noti g which comb1nat10ns Were made 2 HOWever, the

‘same would not be expected of/,ransitional subgects. Flavell and Wohlwill (1959)
and Neimark‘(1972) have pointed out that transitional BubJeqts may be especially :
susceptible to situational variables and thus very different results might be

ekpected in these two versions of the task. e

L]

4
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~ material and diameter of the rod and amount of weight attached. Similarly, Piaget

- and aptitudes.

~ pected to vary as a function of the ﬁ:ntent area in which the task is set. To

) presented evidence to support their hypothesis.

. Same age subjects of average 1IQ. Webb (1974) however, failed to find- IQ v

differences. Certainly this variable should be controlled in future resegrch N

J

- The number of dimensions along which a j@sk varies may al%@ affect performance,
ForAinstance, the pendulum task has two very obvious dimenSions, amount of weight

and length of the fendulum, while the rods problem has five; length, shape,‘

and Inhelder (1951) note- that young children can systematically contruct all
possible pairs of three colors but become confused whg‘ more colors are added. i
The content area in which éhe!task is set is the final taﬁk‘variable‘that

I would like to mention. Piaget (1972) himself has suggested that evidence of

.
«a

formal thought may appear first in those content areas 1in Yhich the subject has
special 1nterest or aptitude. I suspect that area of specialization is a per-
formance variable and that it will interact with the subject's'level,of cognitive
competence. Those subjects who have an integrated formal structure will‘be able

to demonstrate am understanding of the operational schemata in a number of diffegent

*»

content areas, while transitional subjects will be limited to an understanding '

’ ~

of the concept only in those content areas in which they have special interests ////

A second class of performance variables relates to characteristics of the -

4

(g

subject. I will-briefly mention two that have been reported in the research

literaturet Sex differences and intelligencg.
Sex differences, when fou (Dale, 1970; Dulit, l972), indicata that males (’
score higher than females. However, this is an elusive result and might be ex-

date no one has offered an explanation of why cex differences might occur, &pr

K>

J ‘ rhnee studies have examined the effect of hi 1Q on_ ngmal operations per-
s
formance. Two, tudies (Dulit, 1972; Keating, 1975)" have found that high IQ is

associated with highe

ol

formal operation}>scores when compared to p\{formance of déﬁi/

o »
o N id
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To summarize, I have suggested that Inhelder and Piaget's (1958) description ' .

~of the development of formal operations thinking is a competence theory "The
data derived from research on formal operations reflects an interaction between
the subject's underlving competence and a number of unspecified performance
factors.\\ M

I would now like to present the results of‘some research I have been doing
on the éffects of performance factors in formal operations task situationsrﬂ\The
first study was simply an ;ffort' to replicate a portion of ‘the results of my

_doctoral dissertation. In my dissert%tion I had given ten of}the formal opera-

-tions tasks to a fairly wide age range of Junior hightschool and high school

girls. While I found a sfgnificant main effect for age, of«greater interest -

was the significant main effect for tasks Withim subject performance across

% a the ten' tasks was not homogeneous, and in fact, there was a predictable §equencec
for the ten tasks. Thase tasks that tapped- thﬁ combinatorial and correélations
schemata elicited a higher level ofaperformance§2han,did those tasks which
tapped the schemata of multiplieative compensation, proportionality, and

. mechanical equilibrium There were also differences’ between these other
chemata, with multiplicative compensation and proportionality eliciting
higher'levels of performance than the tasks%tapping mechanical equilibrium.

In this first study, I tested ll-; lZ-, and 13-year old children:on the

colored tokens, permutations, and correlétipns tasks: Lihe;AhOVA of the data

_ indicated that age was significant dt the 05 1evel (F = 3,75, df = 2 48),"

“  with the 12-year old subdectu perform{zgriasa higher level than either the
o 11- or lS-year old subjects. The main cffect for tasks was algo highly
significant (F = 23 22y df = 2, 96 p = .001), while the remaining main
@ effect, uex, was not significant In agreement with my‘doctoral‘data, the
P -
_ cplored tokena fask elicited significantly higher lévels of performance than
. o &
' dtﬂ eithev/the p tations or correlations taskKs. There was/no significant
) ! - / o
L dﬂ!ference betwegh -the permutations and the correlations ‘tasks. The sex by r

-
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.-tasg, and female subjectf performing

./‘ (} \

" gix different colored chips dr squares of paper. The subject is instructured

child isjthé'n allowed to lay out the different pairs of colors on tlie table in

task interaction was significant at/x .05 leve} (F = 3.24, df 2 96) and g

due to a crossover effect, with male subjects performing better on . the correlations
TR

’

-~

o S

%mtter on, the permu;atiOns task. Both

R4

o & A
sexss performég similarly on‘the*colo ed tokens task. . T4

-

The results of this study gave me more confldence in my d{ tation data
2 ? gefeation ¢

» o ‘4.

\
and further increased my curiosity about the colored tokens task Jﬁn this
study 73{ of//he 11- and 13 year old subJeots and: 83% of the 12-year old .
. ) _,;L #
subjects performgd atSan early or, late formal operations level on the colored

tokens tisk ! Thié’task like the permutations and chemicals tasks’ is described

. .

by Inhelder and Piage 1958) asftapplngxan undexsfanding of the combinatorial

'system. Ihe task h@s frequ tly been used as hn(indicator of an ind1vidual ]
-

'ability to engag%jln fo 1 operations thought. However, if Ty data are accurate,’
(}
performance on thds task is very different from performance on anOther task -

permutations - that requires understanding of the _same logical ‘concept. In"
\ s :
addi/ion, the data from the colored tokens task indicated that formal opera-
3 s L4 o

tions thought was present in a maJority of early adolescent Subjects These,

'results dre cle rly incon81stent with a number of the other studies on formal

1

aperations th I'mentioned‘earlier.

§

.

by Goodnow (1962), the colored tokens task involves presentation of piles of
; iy

4

to make allpthe 3irs of colors fhat he can think of withput any repeats., The
: 2the p f color® A h i y rep

frontﬂggjkim. -Scroing of the task ig-based on whether the pairs are made..

randomly, in conformity with a perceptual scheme, or in a systematic way that
insures %h&t all possible pairs willnbe fOund. A late formal operations score
£ -~

.implies that the subject has a systematic strategy, and that he can state a

genegg%»strategy ¥or making all pairs when a Zifferent number of colors is )

Y

used.. o . .‘ 00007:

N 4 then deqided to examine the colored tokens task more fully. As described
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In thinking aboUt(tziajlered tokens task and the high percentage of formal

' - ) ' .
scores obtained by young a Olescents, I reasoned that perhaps the use of colored

2 B ‘ A

squareg/of paper was a particulary apt choice of stimulus materials. Children

\bave a great deal of experience with colors from the beginning of their school
X\ PR

. . careers ®n, and perhap\)the early emergence of formal thinking on.this task was

\‘l

[Kc

wll Toxt Provided by ERIC

to the subJects‘ high degree of familiarity with the materials. Consequentlx,
<t= - :
i decided toasimply change the stimulus materials 1nitially

Unfortunately, thiggs are* never sc;simple. By.the time I had th?ught of‘
A Lo 7

L

’th1s study I had already- exhausted my supply of subﬁects at- the college campus

school, and the schobl year was, drawing quickly to a close. go I improyised

.

I had already tested all of the 9- and lO-year old children on the colored

P™ \
tokens task earln in thf/fall and 1 knew that a ' number of the chibg;en'%ere

. . b

in a transitional phase on the problem. I decided to tetest. these children .
@ e < '

and include the st1mulus materials factor in my desﬁgn. The subJecﬁs yere
?

A .

i already categorized by age (9-‘vs. lO-years), sex, and classroom. Half of

.

the jyﬁﬁects in each group received the orig'

secorid time, while .the other half received th Qsame problem but with new

al colored tokens task the Co

materilals{ Pictures of six different fruits ap a cover stoxy about, dZ;ing :

up new fligorst:f Jello.’ Ins asking the child in this new condition
to make all the possible pairs of colors, he/she was asked to m&ke all the j§ ..
t .
J , 14
possiblg,pairs of fruii flavorsm ", ) o e .

_ The ANOVA, tested fdr the effects of sexa age, t ime at’ which the task was

~

. 1
_given (fall or spripg), and whether the task given 10 the spring uspd the same
d B ,
\ materials as the £ask given in the fall—o/'new materials, The only effect that

1

.
was significant, and it was significant at beyond the .00l level, was the gime

i
at which the task had been given (F 24,80, df qi;s#O) In the fall 29% of

v ~
the children .had performed at either an early or late formal operations level

on the task’ in contrast to a preoperations OF concrete 1evel. In the §pring,

v

. SBA of the children who received the same task a secoﬂd time, and 547 of tlie

r

4
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children who receivgd the fruits variation scored at an early or late_formal“

level. Of course it is impossible to know what experiences these children had
) " : . [}

[3

during the 7 months that intervened betwe®n tRe first and second testings,

however 1 do know thﬁ%'the children did not have any direct instruction on

'
~

-

I think one 1mportant result of this study is the fact that there was no

difference'between the two stimulus conditions at the second time of testing.

In effect, the subjects' 1uhderstanding'of the concept of combinations improved
P - ‘ P ' a

regardless of whether the second task was new or the same. The result is even

more pOWerful in light of the faét that 66% of the chi%fren performed at a

- preoperations or ‘earl¥ concrete level on the initial presentation .of the problem.

I

The second important finding was the fact th there was such a dramatic improve-

ment in performance\in a group ‘of sgﬁjects- o initially demonstrated a very low

level of performance. . Yy

The final stud@ that I would like to describe carried my examination of
P .
. . ( . ? N

. .task factors further. 'Once again I used 9- and-10-year old subjects and the

- ”{3

cg\ored tokens task. In an ef%ort to. check that stimulus materials did not

have an effect if the subject had never received the colored tokens previously,
I presented one ,group of subjects with-the colored tokens task, one group with

e ) °
A

the fruits task that I used earlier, and one group with a variation on the -
., o
fruits task. Two things were changed fh this.new task: The instructlons, <%

A d

and the peroeptual cues surrounding the layout of the task materials. The

instructions were changed to a statement that different flavors of Jello

3]

could be made by mixing these five flavors (ntrawberry, cherry, etc.) to-

+

gether and the task was to make all the ponsible new flavorscof jello. Thus,

the ch{id uas not given any specific instructions to make all pairs, triads;

[y
°

and so forth. These new insfructions turn the problem into an analogue of the

3

inhelder and Piaget (1958} chemicals problem. In an effort to/geduce th?“actual

. number of mixtures ‘that the child would have to gene?ate, only five kinds of"

— ey -
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' mixture of al”f five fruits together in addition to all the pairs of fruits.

. -

fruits were used. ‘The second cnange in the task.- the perceptual cues - involved

laying the piles of five fruits in a circle “rather in a row as has been the case .

in previOuS'studies. v, s - ) K
A J ’ -

Once again, the 'ANOVA revealed no main effefk for the age varia%rgA Sex

-

was significant (F 7 87, df = i, 60, p = Ol) with males performing at, i .0
higher level than females.? The task main effect was also significant (F = 4. 60

df = 2 60 \p = 02)‘ Once again, eobéred tokens pefformance‘fss not significantly.“
2\
e
different from the fruits proBlem‘§n~which only the st1mulus*materials were changed.
5 NN

IBoth tasks produced significant%y higher- levels of performance than did the fruits

«gask that varied instructions,and perceptual cues.,” None of the ANOVA interactions
. I o o - e ’ ;’ ¢ ’ - :
were significant. '

+

'?prty-six percent of the subjects who received thevcolored tokens - task per-
formedbat_early or late formal opeﬁations‘and 42%:gf the subjects who recéived‘

LY

the simple fruits task performed at early or late formal operations.' However,\

e ] -

only 17% of the suﬂjects who received the complex fruits/task (ie. both. instruc-
N
tions and perceptual cues varied) scored at an early or late formak qperations
level. Two factors make ‘this result even more impressive, In the Complex
fruits task only five diffe:irt fruits w@re pregented while the colored tokens
and simple fruits tasks réquired the sdbjects o make E;}rs from an initial
base of six fruits or colors Secondlyg the .same scoring criteria used for e
the other two tasks were appliéd to the compléx task. . That™ is?7 if a subject
systematically‘made all the p0581ble pairs of _the five frudts, he/she received
.a score of early formal operationg. Actually, the task presented asked the

. r <
BUbjLGC to make all posuible three-way mixtureo, fou}-way mixturegp and the

My decision to use the same scoring criteria was based on the fact that only -

o

.7 of the 24 subjects 'who received the complex fruits problem produced anything

other than pairs of fruits and then t ey only produced a small.number.of random
4 . ,
three-way mixtures.

Lo _06010y
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AR -am fairly confident that this striking result is not dﬂe to the simple

<

fact that the 1netructions were too ‘ambiguous. I have some pilot data of college

’
-

students "performance on the same task, and in all cases'the studenté produced

three-way, four-way, and the five -way mixfures in addition to the pairs.

,  These results seem to clearly argue that young adolebcents are not very

5 systematic at all in using a co?hinatorial schema unless you'specifically tell

 them to do so. Further, they db.not seem to spontaneously.think of more than
twd elements varying at a time, T
Let me quickly integrate my”introductory section with the results of

' - s

these studies. I have suggested that thére are a number of performance factors

active in the experimental situations in which we have tested for formal opera-

I
s thinking. In most cases these factors have not been specified and we
’ ]

presently have little understandingvof how they affect the underlying.competence

. . b
for formal operations thought that the subject brings to the experimental setting.
/s
The resths of the studies I have presented suggest that the tasks used to* test

formal operations thinking e1icit different levels of performance. Secondly,

o

that while stimulus materials per se do not seqm to affect performance, the

amount of structure given to the subject in the instructions about what he is

to do%>anq/the perceptual configuratlan of the stimulus materials do affect
) performance. In order to go beyond our present normative studies, we need to

develop morevstandard proceduredand adequate controls for the performance~‘¢

. ‘ 2
factors that affect the manifestation of the formal properties of “adolescent

<

a;"thought. S ' o

2 -

case o

LTI L

N,
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