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DEVELOPIENT OF A PIAGETIAN-RASED VIRITTEN TEST-
A CRITERION~RETFERLIICED APPROACH

An attempt was made to develop and validate a Piagetian-
based written test with successful use of the lcgic of speci-
fic Piagetian tasks defined as the criterion. linety-six
randonly selected 9 - 16 year olds, stratificd by ace, were
individually presented the Piagctian tasks o pendulum, bal-
ance, and combinations and group administercd a 36-iter: log-
ically equivalent written test. Results indicated that a
criterion-referenced approach to constructing a Piagectian-
based written test of cognitive developwent is possible and

that the average age of change from concrete to forwal opcra-

tions is consistent with previous rescarch.
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DL VELCPIENT OV A DIAGLTIAN-BASLD VURITTLN TEST:

A CRITERION-REFHRENCLD APPROACL!

Traditionally, assessment of cognitive constructs has been
based on the work cf Dinect, with two methodological approéches:
individual or group-administered tests. These approaches have
been bhascd on psychomctric rigor and convenience, with little
regard to understanding why a subject performed as he did.

Ln individual‘s assessment and subsecquent rating has been de-
pendent on the mastery of specific information and on his posi-
tion relative to a norm group within the normal curve model of
probability. Conseqguently, if an individual did not knou that
the Koran is the Tslamic holy book, ov that the Apocrypha were
the disputed books in the Bible. he did not recceive any credit
toward a rating of his coagnitive prowess for those items. Be-
cause such tests generally have not becen based on a thecory of
psychological development, they have not been adequate in as-
scssing the development of specific constructs and, in reality,
have causcd many problems of interpretation, egpecially within
the school situation.

Piaget has used a variatior of the individual testing situ-

ation (his methodé clinigue) and has attewpted to assess cogni-

tive constructs whica do not depend upon knowing specific ele-
nents of knowledgc or upon how an individual performs ralative
to a norm group witihin the normal curve model; rather, his work

has focused on asscssing cognitive constructs that are necessary
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for competent interaction with the world, generally not teach-

able, and develop in all indivicduals at different rates. Al-
though cognitive construct devclopment is continuous, there are
durations of time (pcriods) within which the individual's cog-

nitive behavior is fairly stable and gualitatively different

¢ from the behavibr of the other weriods. ™ithin each period of
stability, Piaget distinguishes two subperiods: a beginning
subperiod, vhere the individual begins to manifest the logical
cognitive characteristics describing the overall pexiod, but

fails to consistently manifest those characteristics and conse-

gquently at Limes regresses cognitively anrd manifests character-
istics of an carlier period; and a second subperiod, where an

individual consisteatly manifests the logical cognitiive char-

acteristics of the ovcrall period, generally does not regress
cognitively. and manifests sporadically the logical cognitive
constructs of the first subperind of the next period (Inhelder &
Piraget, 1958). Although the logical cognitive structures of
each subperiod of an overall period are similar, they are algo
different, and, as such, cnable an individual to solve diffcrent
logical problems at different periods in his life.

Unfortunately, Piaget's mcthodé clinique, like the individual

nethod within the Binet tradition, is very time consuming and

difficult to employ. Much information can be obtained about one

person per unit of time, but very little information can be ob-

tained about many pecople in the same unit of time. A Piagetian-

based group-adninistered written test of logical cognitive devel-
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oprient would be able to provide much information about many in-
dividuals per unit of time. Such a test would be a criterion-
refecrenced one, as it would provide " . . . scores that tell
what kinds of behavior individuals with those scorcz can demon-
strate [Mitko, 1970, p. 381." “hc test could be dcsiqned.with
several scales, each scadie cerrespending to tne development of
an overall specific logica2l cognitive behavior. while subscales
within a scale would coriespond to the developmental logical
bchaviors associated with specifi. periods and subperiods.

The present study was an attempt to construct a group-
edministered written test that would assess the same develop-
mental logical constructs as those assessed by specific Piaget-
ian individually-administered tasks by comparing response "pat-
terns” on the written test with response "patterns" on the Pia-
getian tasks.

Method of Investigation

Construction of Written Instrument

Three scales, cach corresponding to a specific set of de-
velopmental logical cognitive behaviors, comprised the test.
Each scale wag constructed with til.2 suggestions implied by
Glaser and Klaus (1562) snl Glaser arnd Csx (1962) for criterion-
referenced measures and the recommended specifications of Nitko
(1970) used ac guidelines: (a) "the classes of behaviors that

define different achicvenent levels are specified as clearly

as is possible before the test is coastructed [p. 38).% Behaviors

defining the different logical develiopment~l behavior levels
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wvithin each scale were workaed out according tou data provided by
Inhelder and Piaget (1358), vhere cach scale correspoaded to a
specific Piagetian task: cxclusion -+ pendulum: proportion -~ bal-

ance; combination colored @nd cclorxless liguicde. According to

Inhelder and Piacgct,; children nanifcst lifferent logical behaviors

on each task, depenrding upon the nericd of cognitive development
that they are in. For cach scale, cach subscale corresponded to
the cognitive behaviers characterisiic of a different subperiod
for the developmental locic 2f that scale. ({3Sce Gray (1270) for
a summary of the three scales, Piagetian (subd) periods, and de-
velopmental logic used on the test.] (b) *. . . each behavior
class is defined by a set of test situations ((h=zt is; test items
or test tasks) in which the bLchaviors can be disnlayeé in teras

of all their important nuances [p.3C).~ For cach logical scale,

cach developmental level (subscale) wes defined by all of the write

ten items that had the same logical structure as thosc logical
behaviors characteristic of the specific Piagetian subperiods for
the corresponding Piagetian tasks. ZAlthouch the logical struc-

ture. of the items was the same, the content was diffcerent. (¢)

Y. . . given that the clasces of schevior nave been specified
and that the test situatiens have kecn dufined, a represcontative
sampling plan is designred and used to sclect the test taske that
will appear on any forii of the test [p. 38]." & total of thirty-
six items were sclected and adapted from those used in a pilot
study. EIEach item had five alternatives, with the fifth alterna-

tive (o) always being “Hond of the above answvers is corrcct.”
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Distribution of correct alternatives were as follows: A, B, D=
8 cach, C = 7, E = 5. Items werc randomly assigned their item
number. Twelve items corresponded to the developmental logic of :
thc pendulum, 12 items corresponded to the developmental logic
of the balance, and 12 items corresponded to the developmental
logic of combinations of colorcd and colorless liquids. MEach
scale of 12 items was divided into 6 items reflecting the lodgin
of concrete operations (3 items for beginning concrete -~ concrete
I; 3 items for concrete - concrete II) and 6 items reflecting the -

logic of formal operations (3 items for beginning formal -

tained score must be capable of expressing objectively and mean-
ingfully the individual's performance characteristics in these
classes of behavior [p. 38]." For each scale, subjects werc

given scores based on their patterns of correct and incorrect

responses. For czxample, a subject classified as concrete II

on the logic of combinations could use the logic of one-to-many
and one-to-one logical multiplication and generally could not
use the logic of combinations or permutation.

The gencral test directions and cach item were controlled -
for reading difficulty by applying the Dalc-Chall Réadability ;
Formula, with all but three of the items rated as fourth gradc %
or lower. The remaining three items were rated at fifth - sixth
grade difficulty.

Sample

Subjects werc stratified by age by rounding their ages off

to the nearest whole age. Within each age levelg a random sam~
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ple of twelve subjects per age was selocted, for a total of 96
subjects from 9 -~ 16 ycars of age. No student who was known to
have reading problcems was included.
Proccdures

For cach age level, one~half of the subjects were given the
following Piagetian tasks: (a) Oscillation ofﬁé Pendulum,
(b) Equilibrium in the Balance, and (c) Combinations of Colored
and Colorless Chemical Bodics; first; and the written test,
second. The remaining subjects were given the written test first
and the Piagetian tasks second. Administration of the Piagetian
tasks followed the guidelines “suggested® by Inhelder and Piaget
(1958). All verbalizations werc audio rccorded, and the experi-
nenter rated sach subject's competonce on cach task on a behav-
ioral rating shcet designed in accordance with the developmental
level characteristics of subjects working with the three prob-
lems (Inhelder & Piaget, 1958). After onc-half of the subjccts
in each age group had been tested with the Piagetian tasks, the
written test was given to all subjects in a large group situation.

On each Piagetian task and each scale, subjects werce classi-
ficd as prcoperational, concrete I, concrete II, formal I, or
formal II. Classification criteria for the Piagetian tasks
were those used by Inhelder and Piagat (1958). Classification
critcria for each wriﬁten scale were adapted from Longeot's
(n. d.) and based on subscale~scale response patterns:
preoperational - less than two correct responses for each sub-

scale; concrcte 1 -~ at least two correct responses on the
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concrete I items and less than two corcect responses on cach of
the other subscales; concrete IT - at least two corroct responscs
on each set of concrete items and less taan two corrcct responsces
on each set of formal itcms; formal I - at lcast two corrcct re-
sponses on each set of concrete iteme 2nd the formal I items,
and less than two correct responses on the formal II items;
formal II - at least two corract respenses on cach set of items.

The criteria were not mct by 13.5% (35/288) of the natterns.
Of the 39 non-ideal patterns, 18 were casily classifiable, leav-
ing only 7.29% (21/288) response patterns which did not meet
the classification criteria and were considered to be difficult
patterns to classify. | N

Results

For each type of logic,; there was no siynificant transfer
from one type of test (Piagetian, written) to the other. Sub-
jects who took the Piagetian tasks first and the written test
second did no better than subjects taking the written test
first and the Piagetian tasks second (Bxclusion -~ Pendulum,
t = 1.02; Proportion - Balance, t = --.13; Combination - Chenmn-
icals, t = .81, &f = 94).

Convergent and Discriminant Validity

A multitrait-multimethed matrix (Campbell & Fiske, 1559)
for the intercorrelations among the three Piagetian tasks and
the three scales on the written test appears in Table 1. All

VIR SO DO B s S 0 S T B e B P B B LGN B B W G St G Pt 4B B P S S B Y B8 Y S

Insext Table 1 About Herc
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off-diagonal entiics are significant (p < .005, 4f = 94, one~
tail). Estimates of KR20 reliabilitices are moderate, cxcept
for the written combinations. The validity values are of mod-
erate sizc and greater than those considered substantial by
Campbell & Fiske (19659), consequently Campbell and Fiske's cri-
terion for convergent validity was met.

Evidence of the uniqucness - of cach set of logical behav-
iors from the others is less clear. All of thc¢ validity values
meet Campbell and Fiske's first two criteria for discriminant
validity-~validity valucs should be greater than the respective
row~column entries in the heteromethod triangles and the mono-
method triangles--but not for all comparisons (See Table 2.).

..-.---u...-—.—.—-n.-.-—-..-..—.-u.....---——-.-.--_—..-—-o-.—-.——--..-e--..

Insert Table 2 About Here

*11 of the comparisons that did not meet the criteria involved
a measure of the logic of exclusion; and the differehces between
the entries was small, the greatest having an absolutc value of
.022 (proportion validity vs. proportion-exclusion valua in
written monomcthod triangle). The pattern of intcrcorrclations
within the respective triangles also is not clear, as the pat-
terns in the heteromcthod trféngles arc different from cach othcx
and also diffcrent from the patterns in the monomethod triangles,
vhich are the same.

For cach sct of developmental logic, therc is definite evi-

dence of convergent validity, but little evidence of discrimin~
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ant validity, cven though Camrpbell and Fiske (1959) state that
the sccond of their discriminant validity criteria--validity
values should be grcater than rospective row-column entrics in
the rmonomcthod trianglos--~is an idcal criterion and not generally
met.

Written Tost

Table 3 presents mean item rankings for the three scales.

For @ach scale, Pcarson r's hitween the mean predicted rank
Insert Table 3 About here

for ¢ach item and the mean cmpirical rank for cach item were
computed. All threce correlations are significant, but only in
the combination scale is therc no intexchanging of items from
the different subscales. The two items from adjacent subscales
with a difficulty of 16 are thc only possible cexceptions. Note
that 8 of the combination items are extremelv difficult, whereas
only onc¢ item from the other scales is as difficult. The “cellar
effect” definitely restricted the rang. of scores for the writ-
ten combination scale, rcsulting in the nmedium low correlations
and reliability for the scale (Sce Takble 1.). In effect, the
corrclations invelving the written cembination scalo were arti-
ficially depressed and, in reafgty, are probhablv much higher.

Age and Sax

For each of the written scales and cach Piagetian task, a

onc-way AUOVA with uncqgual cell frequencies was run across ages,
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with an ANOVA perform.d for (ach scx and the total sample.
Scheffl's technique was then ~pplicd to the data of those ANOVA's
that were significant 2t .05, The agus between which thoe great-

est incrcease  in rean classifications occurred was doternined.

Age levels below the lncrease Were consi ~ S one compari-
son group, while ade levels above the ino. casce were considerad
as the sccond comparison group. Comparison groups were chosen
with the assurcption that thoe ages betwieon which the greatost in-
creasc in mean classification occurrcd reflected the ages at
which the naijority of subjects made the transition from concrote
cperations to frrmal oncrations. Ceonscguently,. the Scheffl conm-
parisons wer: ' to bt betwaeen concrete operational and
formal opceraticuc. osubjects. Table 4 summarizes thesce rosults,

Ins<rt Table 4 About Hore

L B A e A ARG B A% Ve TS WP TR SISt n s PUAS W mm G S UL S ATF 206 Se el EatT MRS TAE WA P M OO @ AT B awa

In all cases wherce the original ANOVA was significant, the Scheffé

comparison was significant at lunst at the lovel (p < .10) sug-

gested by Scheffé (Ferguson, 1%71) znd, in most cases, at a lower

level of probability. The ages at wnich thoe greatest increasc

in scorc¢s occurs is guncrally dififcroent, deriznding on the dovel-

opmental legic neasurced, tho »othol of assessront, and thoe sox

of the subjects, although tihe greatost number of - jumns™ in mcan

scores occurr.d between twelve and fourtuen years of age.
Disc¢ussicn

The corrcvlations bheotween the twe methods measuring the same
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sct of developmental logic (validity walucs) along with modcerate
reliabilitics arc cncouraging in that they are sufficiently large
¥: suprort the conclusion that a written test using the develop-~
mentl.l logic postulated by Piaget as its bchavioral critorion

is definitely possible, althcugh there is room for improvement

in ihis particular attempt. Also, the evidence of convergent
validity is supportive of the goencralization of Piagetian thcory
to "non-Piagctian® tasks. This lends eredence to Piaget's be-
lief that his conception of develepnental lovels is evidenced

in Piagetian tasks and other tasks (Inheldcr & Piaget, 1958).
Psychometrically, the lack of discriminant validity of the devel-
opmental logics is disappointing and would indicate a definite

effcet of method variance (Sce Table 1.): yet this same lack of

clearcut discrimination between the different sets of develop-
mental logic provides support for Piaget's contention that a sct
of developmental logic is only one manifostation of an individ-
ual's general rceasoning 1evcl?§gcnerally when one sct of logic
has developed, other logics characteristic of that pericd should
alse have devcloped [Sce legic in Inhelder and Piaget (1958) and
Gray (1970).].

The correspondence between the predicted and cmpirical
written item sequcnces is excellent, indicating that Piaget's
hypothesis ¢f the duvelopmental scquence of logical bchaviors
can be mcasured using Piagctian-bascd logical written problems.

An exception is the exclusion econcrete IT items, on the average,

being casier than the concrete I items. Both sets of icems woere
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scrializations, with the concrete I itoms composeé of threce cn~
tities fcr compariscn and tho concrcle Il items composed of four
entities for compariscn. The thrce itoms using the logical com-
parison “greater than® irrcsoHoctive of nunber of ontitics to be
compared were all casicr than the three itoms using the logical
comparison "less than®;but a 3cheffC cemparison between the mean
difficulties of thc twoc scts was not significant (0/c = 1.49,

p < .10). ’

The extremcly low difficulties 2nd validity value for the
logic of combinations would scem to indicate that the recegnition-
oriented multiple-~chcice format is not sensitive enoug. to mea-
surc the combinatoriazl ability of subjccts. Rather, it appears,
based on work by Longesot (1962, 19%4, n. d.) and current wor
of the author, that an opcn-cnded type of guestion, where the
subject is recquired to generate the combinations, is much moro
scnsitive in mcasuring combinatorial ability. The open~ended type
question is certainly more “in the spirit® of Piacact, where the
subject gencrally has to generate his own answers and not sclect
the "best cne” frem a predetermined list.

Evidence of the subjects' possible past expericence with
written proporticn types of questions can be scen in the propor-
tion “cutoff” ages in Table 4. The "cutoff” age for the written
proportions across sgex and total samplco is censistently a minie
mum of two ycars ycungcr compared to the “cutoff” ages for its
logical countcrpart--thc balance--and any cther comparison with

the exception of males and total sample for the pendulum. fThis

.would indicate that the written preoportions may be tapping past
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specific learnings as well as the logical operations of propor-
tions, although such staggcring cf the "cutoff" ages is not un-
common (Sce Lovell, 1971; Piaget, 1971.) or unreasonable, and
the "cutoffs” reported are generally consistent with previously
reported results for similar type items (Winch, 1922a, 1922b;
Burt, 1919; Longect, 1962, 1964). ' |

It appears that a Piagetian~based written tost of logical
cognitive development is possible if it is constructed according
to behaviorally-oriented guidelines for criterion-~refercnced
measurement.  Cortainly such a test is desireable, considering
the traditional problems of cvaluating cognitive skills and
the problems asscciated with adequate measurement of skills in
such individualized instruction programs as IGE. If such a test
can be refined, a scries of develepmentally-based critcrion-
referenced tests which would demand the some cognitive skills,
but for different content arcas, could be constructed. Such a
series of tests would have an advantage over current tests of
being able to more accurately determine the reasoning lecvel of
a student within a specific content domain, and, hcpefully,
facilitate instruction and lcarning. At werst, it would be a
device based on the actual cognitive develepment of children

rather than somcthing that is merely statistically convenient.
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Multitrait-Multimcthod Matrix™®

Piagctian Written

Written

Hote.-~Entries within parenthceses are estimates of KR .
20

Yotal test reliability cstimate of KR20 = ,867. Hctero-

trait-monomethod triangles are cnclosed by solid lines,

aeterotrait-heteromethod triancles are c¢nclosed by breken

lines. E = uxclusicn, P = preperticn, € = conmb:ination.
* Rhll off-diagonal entries arc sicnificant (v < .005, df =

%4, onc~tail).




TABLE 2
Validity Values HMeeting Campbell & Fiske's

First Two Criteria for Discriminant Validity

Logical Heterotrait- Heterotrait~
Structure Heteromethod Monomethod
Exclusion 4/4 4/4
Proportion 3/4 2/4

Combination 3/4 3/4

19
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