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Abstract

’

“The prohlem of this 1nvestigation was to answer the question: Can a group;

adm1n1stered test of Piaget's forma] operational -stage be deve]oped and construct |
! (4

va11dated7 A related prob]em 1nvo]v1ng a 1earn1ng effect assoc1ated with P1aget s

c11n1ca1 methods <[~ 1so inv t1gatéG/ The P1aget1an Log1ca1 Operations Test

(PLOT), a group dm1n1stered 1nstrumen > was developed and field-tested td answer
the quest1on of th1s 1nvest1gat1on | '

_ E1ghty fourstudents in grades 10 - 12 of a south centra] Ind1ana consol1dated
school corporat1on part1c1pated in the field: test SubJects were random]y se]ected -
and ass1gned membersh1p in one of two equa] size groups hav1ng the same number of

\males and feﬂa]es from each grade. Data, which was obta1ned by c11n1ca1 1nterv1ew,
PLOT, and 1nte111gence test records, was ana1yzed usan a 2 X 3 X2 factor1a1 design.
Subjects in group one rece1ved f1ve c11n1ca1 1nterv1ews fp]]owed by PLOT wh11e sub-
jects 1n group itwo were adm1n1stered the 1nstruments in reverse Qrder. A Campbell -
and F1ske mu1t1tra1t-mu1t1method matrix cons1st1ng of three methods and four tra1ts,

| factor analys1s, and three-way ANOVA- were emp]oyed to stat1st1ca11y exam1ne ‘the date

obtained. ?// 4 o L | |
\ Analysis of data»rerealed several.findings: (1) The internal consistency reli-'

| ability (alpha) of PLOT’was::SS.f heliabili¢y of individual scales was_also reported.
(2) PLOT Was.significantly and 5ubstantia11y correlated with Piaget's clinical
method (3) PLOT tota] scores and 1nte111gence test scores d1d\not show h1gh factor
1oad1ngs on the same factor “PLOT tota] scores and c11n1ca1 1nterv1ew tota] scores :

- did not exh1b1t high factor 1oad1ngs on the same fQ\tor 4) Subjects who were pre

'ihviously adm1n1stered c11n1ca1 1nterv1ews scored s1gn1f1cant1y h1gher on PLOT than ////
”subJects who - d1d not rece1ve ﬁnterv1ews pr1or to PLOT, but subJects who rece1ve PLOT
" previols to the c11n1ca1 1nterv1ews did not score s1gn1f1iant1y higher on the total
fc11n1ca1 1nterv1ew score than subJects who did not take PLOT prior to the cl1n1ca1 (

1nterv1ews.
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Examination of the findings 1ed to two conclusions: (1) The construct validity

of -the group test was partia]Ty,estab]ish 2) A learning effect was present ihf

the PLOT total scores which was attrib the previou;]& administered clinical -

interviews, but no such effec; was pre neral, in the clinical interview - -

o
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Introduction

Piaget employed the clinical interview‘because that method prov1ded the most, -
usefui framework for his research- on. the development of cognitive thought within the
.individuai. ewever, educators .who wish tp study cognitive development and'its ,
impiications/ior science teaching across individuais by the clinical method encounter
two major drawbacks One is the amount of time consumed and the second is theJinher-

ent methodoiogicai nonstandardizations associated with the clinical method |

Several workers (Burney, 1974 Lawson, 1978; Longeot, 1963 1964; Raven, 19}3,

Renner, 1977; Shayer and Nharry, 1974; and Tisher 1971) attempted the construction
of a group administered measure of Piagetian cognitiVe deveiopment 0ne goai of these‘
assessments was the modification of science teaching strategies for better consistency
: with the inteiiectuaT deveiopment of chiidren However, each effort oniy partiahiy
: neets three criteria which seem prerequisite for a valid efficient test: (1) logical
eqUivaience of written”test items and the mentai'iogic of specific Piagetian tasks;'.
- (2) evaluation of the.reliahi]ity and construct validity of'the-group;measure;‘(3)
passessment in.an efficient objective format of specific reasons,offered bv'chiidren.
v'in support-of_cognitive decisions. The goal of this study is to7describe the;deveiop-_g”
T.mént.énd,construct vaiidation of a.test which fuifiiis theiaforementioned-criteria...

The{Piagetian Logieal Operations Test (PLOT)

In tis- s?ction severai characteristics of the Piagetian Logicai Operations Test ™

(PLOT) are deiineated ihciuding format items, scales, and scoring procedures

PLOT is an obJective muitipie choice test with four alt natives per question.and

four individuai scales: (1) conservation of volume by iiquid displacement, (2) sep-
'aration and control of variabies, (3) combinatorial anaiysis and (4) proportional

.thought. The conservation scale represents a trait of iate'concrete thought proposed
by Karpius‘and.Lavateiii (1969). The three remaining scaies’each-represent a trait -
: df formai'thought proposed.by Piaget‘iIndeider and'Piaget; 1954), .fach_scaie con-

_.sists of three:item types, content guestions that assess the subject's}comprehension‘
| oW ) ' | -
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\decision questions which requ1re a’cognitive decisioh by the student and
reason que: tions thch identify reasons for cognitive deC1sions
‘question{i

A

o 2
question‘

KN

4

-

At ]east one reason
the principai difference being the format.

designed to spec1f1ca11y rate subject reasoning patterns on each deci51on
Ai] PLOT questions are 51m11ar to questions asked in c]inicai interviews,

\]

clinjcal tasks

Thus, the Togic necessary to answer the
questions may be assumed 1dent1cai to the iogic required‘to so]ve the corresponding
sented via video-tape

At ieast one cognitive task appraising each trait of PraEEEian thought is pre-
The same tasks were. also given by clinical .ifiterview, and
they are described in that section of the report

Emp]oyment of video- tape demonstra-
tions of Piagetian tasks permit the administration of PLOT to classroom size groups
(30. sfudents) and controikof variation 1n(adm1nistration procedures
the task and answer ques

SubJects observe
tions in the appropriate section ofi%he test booklet
totai score and 1nd1v1duai PLOT scaie scores are<avaiiabie and each score is ca]cu-

test

7

R

A PLOT .
iated by sunmnng the number.of correct answers “n the appropriate sca]e or the entire

Validation Procedures -

The procedures empioyed to evaiuate the reiiabiiity and construct vaiidity of j
PLOT are described inthissegment
|

measurement.

Construct Vv

Included are the//spects of construct va]idity,
instruments statisticai procedures and spec1ai probiems associated w1th Piagetnan

1dation S typicaliy a two~d1men51onal process

_One aspect con-

vergence, is concerned w1th ustainment by 1ndependent measurement and the other
dimension descriminance, 1s focused on the 1ndependence of tests not constructed to
measure the same traiﬁs (Nunnally, 1967).

dty,

1959)

To examine bbth aspects of construct vaiid-
mu]tiple traits and muitipie methods must be empToyed (CampbeTi and Fiske,
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The methods.ut1llzed iR this study were PLOT, the P1fget1an cl1n]cal 1nterv1ew,'-
' <
theLorge4hornd1ke Intell1gence Test,.(Form 1, Levels C D,E) and the Cogn1t1ve Ab1l~

1t1es Test, (Form 1, Level G). Tra1ts measured were conservat1on of - volume by l1qu1d
€ . P
d1splacement, separat1on and control of varlables, comb1nator1al analysis propor- St

»'e

t1onal thought, verbal, nonverbal and quant1tative abilities. J‘

" The Lorge-Thornd1ke Intell1gence Test and the Cogn1t1ve Ab1l1ties Test are

measures of a general mental ab1l1ty, the former hav1ng verbal and nonyerbal scales,v

and the latter havlng verbal, nonverbal, and quantitative scalés A score for each k

\

scale was- used as'well as a total score for each mental ab1l1ty mEasure the sum of* .

scales scores “for the C A: T and the mean of the scales for the L. T I T. !
4?

Five P1aget1an tasks were selected for adm1n1strat1on to subJects by cl1n1cal

. interv1ew (1) Volume of Metal Cyl1nderérhy L1qu1d D1spla¢emént (Karplus antl’ Lava-' :

telli 9); 2) Flex1b1l1ty of Bend1ng Rods (Inhelder’ and Piaget, 1958):§?3) Colored :
? < S

and Colorless Chem1cals (Inhelder and P1aget, 1958), (4) Mr Tal‘tMr Short Measure-
~

ment with- Paper Clips (Karplus and- Lavatell1, 1969); (5) Equ1l1br1um in the Balan&e.,

‘(Inhelder and P1aget 19%3) Tasks 1,2, and 3 assess conservation of, volume sepa-

ration’ and control of varlables and comb1nator1al analys1s, respect1vely whe' as

- ~

_tests 4 and 5 measure d1rect and 1nverse aspetts of proport1onal thoughts, respgc- .. ;

t1vely e | ’l* W ‘ .

- \ . . . ..
. . o . .

: }‘ - Two evaluat1ons of each<cl1n1cal 1nterv1ew were made F1rst, a categor1cal

; ser1es .of behav1or statements represent\ng poss1ble behavlors of subJects dur1ng

r.

(yes/no) dec1s1on concern1ng the presence of a mental schema was made Second, a

N e

-

'.interv1ews were marked (yesel/no=0) “and, totaled L1sts of behav1br or1ented state-

LN ¢ %

: ments, called behav1or obserjat1on sheets were prev1ously found to be reliable and -

val1d by Staver (19 7) 1n measurement of\P1aget1an schema by cl1n1cal 1nterv1ews

AR . .55

: Evaluat1ons of the in r-rater-rel1ab1l1ty and concurrent val1d1ty of behavaor obser-1§

©

vation sheets employed in
. s

tﬁ;s research are discussed elsewhere (Staver I978)

.(’"‘,_ . ~
.. . v
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TR A11 c]in\ca1 1nterv1ew évd?uat1ons Vere done by kY three-Judge pane1 of advanced

v science educat1dn graduate students and post-doctora1 iesearch assoc1ates Tra1n1ng
. 4

of eva}uators fnc1uded discussisnrof 1nvo]ved schema, c]ar1f1cation of behavior

statements and practice 1n the use of the behav1or observat1on sheets. ' lﬁl

Y P
. v v
.,2 ¢

;. " Emp1oyment of seyera1*neasurement methods and assessment of severa1 traits of

s

cognttive thought,'a1though*negessary for'eva1uat1£n of construct va11d1ty. can be-
_ come unw1e1dy. A conveh1ent way ﬁo s1mp11fy the e%aluat1on 1s to’ construct«a mu1t1-

; traﬂt-mu1t1method mgtr1x of. the corre1at1ons The Campbe11 and Fiske (1953) mode]

b

‘used 1n th1s st!dy 1s a presentatdon of all- corre]at1ons among ‘several tra1ts and

‘methodé in matrlx\form for such ev&luat1on . "

“1 To Yurther eva]uate the construct va11d1ty of PLET, the scores of all 1nstruménts

e L \

v‘were sﬁbject to a factoroana1ysns Resu1ts of this procedure cou]d provide add1t1ona1

°7 K}

eV1dence for’%onyergenceand dxscr1m1nance The SPSS-Factor Program “(Nie, et al.

4 1375), employ1ng the pr1nc1pa4 components method with 1terat1ons to ach1eve orthogona]
- C
fictors and varamax rotat1on to s1mp1e structure of\a11 factors having e1genva1ues
P l o .
n.7 \ﬂ & \ N
— Wwo va11dat1on prob]ems rema1n to be de11neated the seﬂect1on of a sample and -

()

B - A )
e - -~

greater than 1:0 was used

the eva1uatﬁon‘of a 1earn1ng effect assoc1ated>w1th the c11nhca1 method. , A ¢ t1ca1
> g o %

»aSpectlof the va11dation pfocedure was the se1ect1on of a subJect sample from'a pop-

@ )

. u]at1on conta1n1ng substant1a1 numbers«of concrete, trans1t1ona1 and formal th1nkers.

.‘,s

e

': Based upon‘éhlappetta S (1976) review of stud1es concern1ng the deve1opmenta1 1eve1s '
R of, secondary and co11ege students the conclus1on was made that a random sample of
"senior h1gh schoo]subJectswou1d prov1de the best m1xture Therefore twenty-one

| ma1es and, twenty-one females were random]y se]ected from each grade of a 1arge 10-12
* grade high schoo] 1n a south centra] Ind1ana conso11dated schoo] corporat1on This -

. se1ect1on procedure yie1ded a samp1e of 126 subJects which .contained equal numbers

of ma1es and- fema1es W1th1n each grade

L4 T _—' o . o
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The final validation problem was. a learning effect associated with the clinical

method. Subjects .often show more advanced reasoning patterns in the second inter- )

A

. view when a clinical task is administered twice within a brief time period “Such .. !
learning effects could act to decrease correlations among Piagetian variables and

‘ give spurriously Tow estimates of convergent validity. To evaluate subJect learning .

. effects, seven males and seven females within each - grade were randomly assigned mem; |
bership in the cells of. a 2x3x2 factorial des;gn (Kirk 1968) and a replacement -

: group involving two. groups three grades, and two sexes. No pretest was employed ’
because of the reactiVity of Piagetian measures. Further, Campbell and: Stanley (1963)
maintain qbat the most adequate assurance concerning the absence of initial bias-. o
\yetween groups is randomization Treatment was considered to be the administration :
of the five clinical tasks in order. 1; 2, 3, 4 5, and PLOT was considered to be the

' | posttest. The 42 students comprising.group 1 were given treatment-before posttest
~ evaluation whereas an equal number of'subjects in group 2 were'adm{nistered thé post-
. test followed by treatment. Thus each group acts as a control for its counterpart
The 42 subJects in group 3 formed a replacement pool. Children failing to partici- -'
- pate in the first actiVity of their asSigned group were replaced byia randomly . chosen .

' fsubJect whose grade and sex matched that of the lost subJect. No student who failed

A
to continue after participating in the initial actiVity was replaced
v Findings Conclusions, ard Discussion
Validity of PLOT” Y - o,

To evaluate the reliability and construct validity of PLOT, information derived
from thecorra]ationalnetrix, factor analysis ‘the learning effect and the effi-
- ciency of PLOT is set forth in succeeding parts of this section.
| - The correlations among the three methods and four traits are assembled into a
Campbell and Fiske matrix and presented in Table 1 A: detailed inspection of the

v'; , (Insert Table 1 about here)
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matrix is necessary to determine the'findings. The internal consistency re]iabﬁ1tty
(alpha) value for each instrument scale i shown as the'va]ue in parenthesis.' For

. examp]e alpha=.85 for the PLOT'conserVation scale. ATpha forvPLOT total score, not
shown in’Tab1e 1, is also .85. According'to criteria set forth by Davis (1964) for
individual differences measurement the re11ab111t1es of PLOT scales 1 and 4, and .
the tota] score are acceptable whereas alpha for«PLOT sca]es 2 and 3 are 1nsuff1c1ent

" Four criteria are exam1ned in Tab]e’l to determine the va]1d1ty of PLOT. F1rst,
correlatisms of the same. trait measured by different methods shou]d be s1gn1f1cant
and substant1a1 These corre1at1ons form three d1agona1s ca11ed va11d1ty d1agonals
and the entries are all underscored Seven of the twelve va11d1ty diagonal values
are s1gn1f1cant and substant1a1 thereby 1nd1cat1ng convergence among the methods for
those tra{ts Second measures of the same tra1t should exhibit h1gher pos1t1ve spr-

-

" -relations betwgen each other than w1th measures of dlfferent traits employing )
: A

. d1fferent methods Th1s means that a va11d1ty d1agonaJ entry in Tab]e 1 should be
greater than values in 1ts row and co]umn of the adJacent heterotra1t-heteromethod

-

tr1ang1es (enc]oSed by broken Tines). Inspect1on of Tab]e 1 for the seven 51gn1f1-
: cant va11d1t§$d1agona1 case; shows the second cr1ter1on fu1f111ed in on1y two cases,
;d BiBg and 0102 Th1rd measures of the same tra1t shou]d show h1gher pos1t1ve cor-
relations between ‘each other than w1th measures of d1fferent traits using the same
method N1th respect to Tab1e 1, the va11d1ty diagonal va]ue for a vdriable should |
be higher than its values in the heterotra1t-monomethod tr1ang1es (encloséd by solid
_ lines). Exam1nat1on shows that only one s1gn1f1cant va11dity'case, DDy, meets this
cr1ter1a \)Fourth measures of different traits should exh1b1t an 1dent1ca1 pattern
of 1ntercorre1at1ons among each other across’ heterotra1t monomethod and heterotrait-
heteromethod tr1ang1es Such a pattern in Table 1 would be.a s1ng1e trend in the_r ;
; magn1tudes of corre1at1ons for all tr1ang1es In fact, no single pattern,or_trend

- Ay

is detected The last three criteria are focused on the discriminant aspect g:gcgn— '

7

Q -« . - i .
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-struct va11d1ty of PLOT and the results of PLOT c11n1ca1 1nterv1ews and the

o B . ‘ " ‘ " Al ' "
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_ struct va11d1ty, and ana1ys1s of Tab1e 1 shows 11tt1e ev1dence of discr1m1nant va11€L

1ty for the P1aget1an and genera1 1nte111gence measures. o

Cy

‘Factor ana]ysis represents an add1t1ona1 method for the eva]uat1on of the con-

mental ab111ty tests are shown in Tab]e 2. Convergent va11d1ty between var1ab1es 1s

"e»h1b1ted by h1gh 1oad1ngs for var1ab1es on the same- factor whereas d1scr1m1nant valid-

ity among variab1es is supported by high 1oad1ngs coupled with modest 1oad1ngs on the

- same factor (modest -high couple). In this study a high loading is -.GO,Wa medium_]oadf

xvcorre1at1on between the PLOT total- score and the total c11n1ca1 1nterv1ew score, .

clear evidence for dfscriminance"but 1itt1e support of convergence is‘found " The - \\
59,

ing is 2.40 and -.59 “and a low 10ading'is“5 39. Inspection of fab1e 2 reVea1s“that
h1gh load1ng on the same factor are not observed for PLOT total score and a11,Pt0T .
sca]e scores w1th the correspond1ng total c11n1ca1 1nterv1ew score and. c11n1ca1 task |
scores. Therefore, little ev1dence for convergence between the two P1aget1an methodsv
is present Modest- h1gh factor load1ng coup]es for PLOT tota] scores and- PLOT '

13

sca1es, 1, 3, and 4 with 1nte111gence test scores are observed whereas omby ha]f the

 modest- -high coup1e is seen for PLOT scale 2 w1th-1nte11egence measures.; PLOT sca1e> "

2 exhibits a medium factor loading on factor I wh1ch exh1b1ts h1gh 1oad1ngs for 1nte1-.'

11gence measures. Thus substant1a1 ev1dence for d1scr1m1nant validity between

P1aget1an and genera] 1nte111gence measures is found, but 11tt1e “evidence for con-
{

vérgence of the two P1aget1an measures 1s observed

A

The corre1at1ona1 and factor ana1yt1ca1 f1nd1ngs present an en1gmat1c s1tuat1on

wh1ch requires- d1scuss1on The corre]at1ona1 ana1ys1s provides ev1dence on1y for

s

: convergence.between Piaget1an.measures whereas the factor ana]z:1s prov1des rather |

. .*/

"1s comparab1e w1th h1gher va11d1ty d1agona1 va1ues 1n Tab]e 1 and further supports

:convergence 'However, the 1owest corre1at1ons in the heterotra1t heteromethod tri-

ang]es suggest that the measurement methods in th1s research are not entirely 1nde-p

' ’ - - . . 1 .
. . .
s . - . ) I'. . ’
. i L - . .
. < , ) _ ) .
. . o
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pendent PLOT and the c1inicai 1n2erview met od share cdmmon matertais tasks and.‘

questions. Principal differences are’ demonstr tion versus manipuiatign of materiais,' "

forced muitipie-choice versus Open-ended quest1 n-angwer format and written verSus )

t

orai reSponse PLOT and the mentai abiiity testS\share a. common question answer for-

A .
: mat and the necessity of reading for comprehen51on Therefore,'it 1s probabie that-

aii three methods are reiated Additionaiiy, the traits themseives may form a un1-
v S
fied system of thought and are not compiete]y 1ndependent Campbeii and Fiske (1959)_

ma1nta1n that some evaluation of va11d1ty canibe made in this Situation and acqord-, .

ingiy, some convergence 1s indicated for PLOT: scaies 2 and 4, and the PLOT total

. scores. P ‘ PR R ‘,. - _ :' . .
W1th respect to the factor anaiyticai procedures 11tt1e or no ev1dence of connf'
ﬂb ’ ’

vergent validity dis found by observation of high highéﬂoading coup]es on the same

' .
factor for PLOT and‘ciinicai 1nterview variabies Further, substantiai resuits 1nd1-v.

catﬂng discri:kgant Vaiidity are present in the 1oad1ng patterns of PLOT and mental

v/
abiiity varia The 1oad1ng patterns permit. both the 1dehtif1cation of rotated:

-
2

factors and ‘the es 1ishment of discriminant vaiidity for PLOT by th1S method

) | ‘In the. fact}r so]ution presented in Tabie 2 oniy mentaid;biiity variabies exhibit.-

high loadings on factor one Remaining variabies 1oad modestly w1th one’ notable~ '
exception, PLOT part 2 on this factor, it shows a 1oad1ng -on factor one of .53,
medium Factor one is cieariy 1dent1f1ab1e as a factor associated with genenai 1nte1-
1igence 4 PLOT part’ 2 loads substantiaiiy on th1S factor because the abiiity to p,l

. separate and controi variabies seems to be assoc1ated with generai mental abiiity

| This factor also accounts for 76.4% of the totai variance

. Factor two, wh\ch accounts for 13.3% of the,totai variance, 1s somewhat more . . .

R difficuit to identify Inspection of factor two reveais high 1oading for five of the
ten c11nica1 1nterv1ew variabies whereas one of the rema1n1ng f1ve variabiés shows :\\
medium 1oading and the other four exh1b1t modest 1oad1ngs on factortwo. Aii 1nte1- |
1igence var1ab1es ioad modestiy on this factor as weii as do ail PLOT variabies

i . ‘ Ko ) . , '
. ' .. ’ A, .
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-'Analys1s of factor three accounting for. 10.3% of the total variance, further a1ds in
‘the.1dent1f1catlon of factors,two and three. All 'PLOT- variables exh1b1t h1gh loadings'f
.on factor three‘except‘scale 2 thch loads 53 ~med1um Further all mental ab1l1ty
'and cllnical 1nterv1ew varlables are observed to load nndestly on factor three N
-\hhat'seem5~to have occurred in the rotat1on to simple structure is a var1able separ-
. ation‘on orthogonal factors by method Factor one, as prev1ously 1dent1f1ed, is 2
assoc1ated wlth general mental“ab1l1ty Factor two’, although less clearly S0, seems -
. related to Plaget1an cogn1t1ve development assessed through cl1n1cal 1nterv1ews _
f whereas factqr three is revealed to be connected,w1th PLOT as a measurement method 6f'
-'Plaget1anﬂcogn1t1ve develppment Although ‘the factor solution glves ample ev1dence
_ of d1scr1m1nant valld1ty, it also ylelds l1ttle suggest1on of convergence for PLOT
: and the cl1n1cal method Therefore, it is concluded that convergent and d1scr1m1nant'

:val1d1ty are part1ally establ1shed

.“Learn1ng, Sex, and Grade Effects

Three-way analyses of. var1ance were performed on the PLOT and cl1n1cal 1nterv1ew
sCores and the.f1nd1ngs -conclusions ~and d1scusslons of the learn1ng phenomenon,
plus grade and sex effects are set forth 1n this section. o _ 3
| Q}gn1f1cant differences in favor of the group wh1ch was prev1ously adm1n1stered

~ the series of clinlcal 1nterv1ews ex1sts in the PLOT total, scale 1, and: scale 3
_mean scores compared to the group which did not receive cl1n1cal‘interv1ews pr1or to -
PLOT admlnistratlon'(f=12 06,.15.90, 6.53, respectively; pé 05, 'dfﬁi ,55). Group‘mean
,'d1fferences for PLOT scales 2 and 4, although in favor of the group rece1v1ng prior
clintcal 1nterv1ews, were not s1gn1f1cant Gradually increasing mean scores for PLOT
| and: its jndlvldual-scales‘were detected with lncreas1ng grade level,-but,mean differ-
ences were not significant. Also, no'signiflcant differences with respect to sei

0y

were revealed for PLOT and its scales, and no significant two and three-way -inter-
. : , - o

actions were ‘present. - L o v .

¥
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Group mean differences on the clipical interview wariabies “aithough faVoring

pthe group receiving PLOT prior to the 1nterv1ew\\were generaily not. 51gnif1cant H\on
exceptions were the significant differences on clinical’ tasks 1 and 2 (F=12 84, 6 96,
respectiveiy, p<.05, df=1 60; 1 58 respectiveiy) An increase in grade ievei is .
generaiiy accompanied by an increase in the mean for the totai ciinicai score and\ '

. all task scores, but oniy the nean difference for’ task 3 is significant (F-3 94

| p< 05 df=1 56) The mean. differences for sexes were not Significant and no sig--

‘ \ ) | B et

nif1¢ant two or three-way interactions were detected
| Consideration of the findings concerning iearning'effects ieads to severai con-'
'7ciusions - First, a iearning effect attributabie to the prior administration of clin~
,'icai interViews 15 present in the PLOT totai score and PLOT scaies 1 and 3. . Second, -
the cii icaiinterviews when considered as treatment have a. simiiar resuit across the
) mairi e;fects of group grade and sex taken in pairs or in tripiet Third a learn- .
~«ing effEct attributabie to prior PLOT administration is present only in the scores
of ciinicaé_tasksbl,and ‘2. It is not present in any remaining ciinicai variabie
inciuding'thé totai score. Fourth, PLOT, when viewed as treatment has a simiiar ’
effect across ‘the main effects of group, grade, and sex taken in pairs or in tripiet.-
a; The general presence of.a 1earning effect 1n‘;LOT scores attributabie to: the |
prior administration of clinical interviews, and the general “absence of such an
: effect in the ciinicai scores due to prior PLOT administration presents another enig-
matic situation. The two}instruments are designed to measure.the same traits, and
they~have common materials and simiiar questions. A plausible expianation{arises
lfrom'the theory itseif, and Piaget's thoughts on the seif—reguiation mechanism.
Prio:'to the onset of formal operations, and stiii vaiuable in'formal thought"is
the active manipuiation of the environment by the- chiid A fundamentai difference
_ between PLOT and the clinical tasks is that during interviews subjects actively manip<
uiate the materiais whereas such objects are. oniy observed orn video- tape on PLOT

[
This manipuiation-observation difference seems important in accounting for the

14
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'generai presence of'Tearning associated With the'ciiniCaT method .and its'generai

'i'abéencé in PLOT The isolated cases of Tearning in ciinical tasks 1 and 2 attribut:

abTe to prior PLOT administration are most probabiy explained by shared trait and ‘

-;method variance ‘ - ) f L Lo

S
/

Data anaiysis, inciuding item analysis of PLOT, indicated three areas for ex

post facto examination of the data concerning the reiiability and construct validity

- )

of PLOT. The areas are correction for/attenuation in correTations deTetion of PLOT; B

'content questions and evaiuation of PLOT deciSion and reason scaies

-

) The correctiop for attenuation procedure (Guiiford and FrUCrrter 1978) was .

iappiied to each entry in Table. }/to determine the extent of the detrimental effect
. exerted on “the. vaiidity of PLOT by the low. reiiabiiity coefficients for PLOT: scaiés

2 and 3. Aithough the unatteZuated correiations were higher, especiaTiy entrie inﬂ

the validity diagonaTs no ne information about the construct vaTidity of PLOT was ,

/\

yielded by the anainis method described earlier Therefore, 1t was concTuded that

b
while the Tow reiiabiiitiqi/of the two PLOT scales are detr1mentai “they are not ‘the’
primary ‘problem 1n estabiishing\the construct vaiidity of PLOT.

Three kinds 6f items content decision and reason, compose PLZT Item anaiy- :

“sis revealed that Students obtained a mean of 11. 97 and a standard d v1ation of 1 05
on the thirteen content questions whereas their performancp was much more diyerse on
'the decision and’reason questions The deTetion of content questions from the PLOT
Itotai score represents an approximate Tinear transformationc::;/ch trans formations

. have no effect o correTation among variablest (Hopkins and Glass, 1978) thus removal -

- of content quest ons has Tittieveffect on, construct vaTidity Deietion of PLOT con-

tent questions d d yield a. siight poSitive trend in reTiabiTity Spch questions

-coqu be deieted from the entire test but some discu551on is justified concerning

the roTe of content items 1n the measurement process
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One line of though 1s to remove such items from the test altogether because they
v;serve no other function han to increase the score. A second direction for gonsider- '
' ation is to remove the c ntent 1tems only from the score because the function of |
"such items is éo focus th subJects attention on the most important aspects‘of the
problems to‘be olved T is p01nt is crucial because the .subjects only view a demon- ,
stration of theproblems materials are not handled Thenefore, the presence of !
such items may be critical to the subJects com§rehension o? the*ﬁroblems and 1t
thereby influbnces answers to decisdon and reason questions- ’The fact that most sub-
_jects receive a near perfect score. merely 1ndicatEs that the goal for which the |
".questions are designed is being achieved Thus a student S score on the conten
items prov1des little indication of current. develop%ental level That informatfon
‘:-is yielded through answers to deC1sion and reason qbestions in each scale )
A. third direction of ex post facto analysis seemed justified The conceptS'

'decision and reason were-con51dered as traits measured by/the three afore#en-

tioned methods /in a new Campbell and’ Fiske matrix and the correlations appeaf in
~Table.3, ’ '.‘Y.A‘ A) ' ¥‘_,] o . - i
\Ng .,‘f:, . | . (Insert (able 3 about here) '

gp»Analy51s of Table 3 by methods outlined earlier revealed substantial evidence
for.convergence among all the methods’ (all\validity diagonal entrieslare 51gnificant '
and most are'substantial) but little-information concerning discriminance" Thus, no
new findlngs were uncovered and the prev1ous discussion of the matrices holds ~In
sunnary, ex post facto analy51s yielded no information which conflicted w1th earlier
results. | v '

Efficiency and Practicality of PLOT L v o

N e

One requirement cited earlier for. a useful Piagetian test was the development of
©an efficient practical measure. . An- importa t characteristic of PLOT as an untimed

y .
,test is thag each group proceeds thr‘ugh the'sequence of video tape demonstrations “

and written uestions at the ppce o_ the slowest student. Data concerning‘tine




' Aor small groups of students w1th1n a 55 m1nute period.

S .
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- p © 13
required for adm1n1stration of PLOT«to subJect show that PLOT was Adm1n1stered 23 t |

tlmes wlth a mean admlnlstrat1on t1me of 46 1 mlnutes and' a rang of 38 - 56 minutes

: These _data are 1nd1cat1ve of the fact that PEOT can be adm1nist'red to 1nd1v1duals

;o “”~ N ‘Implications for’ Teachers

o The development and construct valldation of PLOT a gro ) measure for assess1ng
vfour Plaget1an schema assoc1atdd with formalthought:was rep rted,ln this ,paper. PLOT
was developed for use by science teachers and researcherS\in science educat1on jnter-_
* ested in the assessment of developmental reasoning‘capab1l1t1es of- students One

goal" of science teach1ng 1s to match 1nstructlon and. curr1culum materlals wlth the

. developmental Tevel of the learner Learn1ng dlfficult1es of students in middle and

-g'secondary school sclence have often been attr1buted to an 1nab1l1ty to grasp concepts
in sc1ence A more ref1ned l1ne of thought suggests that some students are not yet
-_using reasonlng patterns requ1redwto comprehend certa1n science concepts “Further-
more, many concepts 1n séience may be.taught in a manner conslstent w1th elther for-
-'mal or concrete thought However, a prerequlslte -to the matching process 1s a
reliable val1d eff1c1ent and pract1cal measurement device. Although further test
1development of PLOT is appropr1ate theprepondEranceof’evldence suggests that PLOT
1s a rellable, valid, efficient, and pract1cal measurement tool and may thus be

employed by, teachers and(researchers for- the aforementioned purposes;

\ N
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Y A TABLE 2 | N
| ROTATED. FIVE FACTOR PATTERN OF PLOT, CLINICAL IN&EkVIEw.
AND MENTAL ABILITY TEST SCORES

R
! T ’Factqrs ‘
Variéble .'.e : A 1 :' 2 3" 4f ; 5 Commuﬂality"_ﬂ
. Non Varbal 10 T e 0 a7 10 C 771 68.
- Verbal 1Q § .78 - .06 25 .18 0 .21, .74 T 68 ¥
Total 1Q° . .92 .10 14 019 ¢ 017 7 .93 68
_CAT-Verbal | .87 - .13 .09 A7 015 0 .84 70
CAT;Quantitative Y 3 .22 .15 -.03- .43 5 70
CAT-Non verbal - _ . | .80 23 . .29 - -.084 .08 .79 , 70!
CAT-Total. | S99 22 .19 .03, - .25 .97 70

Categorig Decision # 2 ;39 .58 .17 .31 .15 .63. 68 .
Categorical “Decision #3 - .12 .11 ..05- .8 . .13 . .78 66
. Categorical Decisien # 4-5 .31 ~..14 .08 .07 .84 .83 70
Total Categorical Decision .37 .60 .18 .49 .46 .99 . . 66

Categorici: Decision. # 1 .05 - .83 . .23. .05 .07 . .76 70

Task 1 . L .10 .8 .07 -05 .10 .73 - 66
CTask2 47 35 .67 11 .33 .13 .1 72
“Task. 3 fooo T 9 .09 Ji0 0 81 -1l es 70
. Task 4-5 . .22 .23 .01 .82 .91 68
.} Total Clini a] Interview .38 ~.62. ..20 - .51 .39 - .99 66

PLOT-Part 1 .03 .01 .70 .14 .00 .51 6.
0-Part 7 . - _ .53 .15 .53 . .38 - .13 .74 - 66
Part 3 © - 33 a1 vy Bl -1 0558 6
-Part/4 I N -07 .38 <69 66
PLOT-Tota] - .31 2 92.' N3 018 1.00 66

CEigenvalug - 1067 2.31° 179 1.52  1.08,
~_ Percent of variance L - . o
' - accounted for 6.4 . 13.3 10.3 8.7 6.2 . -~

. ~;-{

{\ NOTE‘ Pr1nc1pal components analysis with 1terations varimax factor rotation,
. © . andpairwise deletion of missing data was employed "The number of
rotated factors was ‘Timited to five s

e .
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CNRRELATIONS ANONG THE DECISION AND REASON CHARACTERISTICS OF EORNAL THOUGNI NEASURED By THE PIAGETIAN
LOCICAL OPERATIONS TEST CLINICAL INTERVIENS D THE LORGE THORNDIKE INTELLIGENCE TEST o

'. \ o L®

G ./'\""
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Uil leisnd, St B (&)
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oreTondle b by s 6 S0 )
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el

g _391 151_@ ..80,'-l ‘(791) :
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