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The Piagetian literature of the Sixties abounds with confusions. - Was
o~ the original Genevan research replicable? 1If so, weré the critéria used
and thHe mode of EéEEiﬁé-ﬁeﬁéfthélésé too sibjective? If replicable, was 5

the construct underlying the different Genevan research problems unitary?

I ¢ w

then by what process can ‘the theory, if- i_mitary; be objectified? Each of

ED19462

these questions points to the nécessity of standardising the Sﬁgiﬁéi

Genevan procédurés, and economy of research e’rf"forf:-{)éiﬁf:é to carrying this

out in the form of group tests. | - ‘ | -
Yet, by the Seventies, the problem of 'ﬁéyEEOhétfiéiﬁg Piaget'

to the confounding of the above questions, it was aué also to the Piagetian
: data mot fitting the conventional data-analysing aEthods. To carry out &
survey of Piagetian developmental norms on a sample large emough. to generalise
from (Sﬁéyéf, Klchemann & Wylam, 1976; Shayer & Wylam, 1978), and to carry
. out a study of the validity of Piaget's construct of formal operational
thinking (Shayer, 1979) it was necessary to pio&ﬁéé‘-ib‘ sotution.  This paper

could bée sub-titled "The author's misfortunes in the Wildéfnéss‘*Gf"tE“§t3 -

l\ théory™. One way out of that wilderness will be sketched, and illustrated
;5? in the constructfon of ome of the Piagetian tests requireds i

Both the Piagetian model and the proceédure for reporting ;esearch
A findings are quite different from those dévélopéd by the psychometric traditionm

-~




‘of norm-referenced tests. Although the former involves the repolfing of a

'W{de range of behaviburs; in their categorisation these are collapsed under

a small number of global descriptcrs, Early and Late Concrete (2A & 2B), or

Early and Late Formal (3A & 3B). The latter imply a large number of

behaviours, each represented by test items scored on a pass/fail bas1s, and
compared with each other in test conetruction by item-analysis technlque;
which use tﬁe performance of leiée §eﬁ§ie§ of §ﬁbjéé£§ as Eeéﬁs Bf the items'
validities and reliebilitles. This typically results in an equai-interval
scale with about sixty enumerable intervals: The édGaneagé of this is to

make the tést estimatés amenable to measurement theory: the disadvantage of

_the Piagetian clinical interview is that only the overall global assessments

_can be cbmpared quantitativeiy; “In many papers répottiﬁg'lbw corréiétioﬁé

reliability of the interview estimate or, 1ﬁdeed; to simple quantitat1Ve.
considerations such as whether the sample range is wide enough for the
éaiauiAEéa‘eaifeiAEEaﬁ to be a true measure of the underiyzng association. -

\

demenstrat&en, feedback to the sub1ect related to his own 1deas, and flex1ble

verbal eemmunleataenrbetween test admin1strator and group are ’ential,

‘Taking these for granted, the essence of the problem for the test constructor

is to represent all the behaviours mentioned in the original Genevan research

as characteristic of one or another stage or sub-stage by, test-items. In

~this way, as a first step, the validity of the ascription of behaviour to-

stage can be checked objectively by the performance of a suitable sample of
children. But there is a problem. In the Genevan descriptions of behaviour
sometimes the problem can be solved at a particular developmental stage. In

A N N
this case a person who has h1gher levels of th1nk1ng at his disposal will: v

always solve the problem. Suppose a test-item is only solved at the Early

Formal (3A) level, but that subjects show consistent fallacious responses to

3 B




show diﬁfeteht fallacious responses. If the stage-behaviours are scored.

dichotomously (1,0), then either one is forced to lower the subject's score
‘on the 2B items when he succeeds at the 3A stage by scoring it only is a

3A item, bt;ﬁne inttoaeees faise~Correiéti0ﬁ into the teStaeontént by
_automatically adding a 2B score to thé subject's sub-tést totals if he shows
the higher level 3A behaviour which solves the problem. To évoid,the
dilemma it is mecessary to comstruct tests out of items each of which is
scored only for ee&&eeé;'éﬁ& categorised at a particular level: By 'success'
is meant 'true in reality' e.g. that Length is one of the variables affecting

the period of a Pendulum (ZB) or that to find that Weight is not effective
‘the valid eiﬁefimentei method is to keep length and push constant, and take
just two different weights (3A). To find items to test iaaae level

- competenc1es one looks for. aspects of the problem(s) to wh1ch they are adequate.

1

- ————

‘Thus for ZB items in Equillbrium in the Balance one chooses 2 1 or 3

ratios of weights or lengths from.pivot. (Inhelder & Piaget, 1958). ° ‘Thus
each item will be labelled with the minimum stage required for success on it.

Such a method of test-construction will simultanecusly be true to the
hierarchical &eQeiéﬁﬁeﬁEéi theory of Piaget; and at the same time allow of an

i experxmental ﬁé&f Bf the validity of the theory. If-the theory is géé ﬁiﬁé

'the Iater_stage-1tems will not scale with the eéiiieE stage items: Moreover
the test:ité;} are now amenable to all the usual iﬁéﬁ-éﬁél&éiﬁiéééﬁ%iaﬁéé;
1nciudiﬁg correlation methods such as féctot:énélysis; In this way one can

and method of test-construction mor'e usually associated with an emp1ricist

-

"or behaviourist approach to the increase of intelligence;




THE CONSTRUCTION OF A PIAGETIAN TEST

Discrimination diagrams -

Thé argument of the previous Section may be more easily appreciated in

the example of the development of & particular Piagetian test (NFER, 1979).
This was constructed for the purpose of estimating the Piagetian stages of

children over a rather wide range - from Early Concrete to Early Formal

operational. The sdﬁ}écf matter was taken from The Child's Conmstruction

of Quantities (Piaget & Inhelder, 1974), and traced all the steps by which
N . ‘ ¢ ] . . » . .
- the child is eventually able to conceive of the density of substances as a

 weight/Volume relationship:. It was necessary to find some problems which
are solved successfully by children at the early stage of development of
concrete operational thinking (2A); some which are solved at an intermediate

whole structure of mental operations which Piaget describes as Late or mature
concrété opérational thinking (2B), and, finally, items which are not.solved
successfully (in the sense of trueness to reality) until the formal operational

“stage (up to 3A). The concepts involved are listed in Table 1.

Bearing in mind that the purpose of such tests is to estimate as precisely as
possible the bgtimﬁﬁ present level of thinking which a child possésses (;éEEéi
 than making a random sampie of his strategies) it is obvicusiy necessary to
choose probiems which give a sharp signat. By choosing several hon-redundant
bf&ﬁiéﬁé for each level. the siégéls summate so as to increase tﬁé preéisioﬁ




* © . of estimate. - From an item-analysis point of view this means that facility

is fiot the—cnly characteristic of au*item in which one is ‘interested. ihe

: discrimination of an item measures the sharpness of its signal, ° Uﬁfortunateiy
it wag soon found that the coﬁventioﬁai discrimination iﬁdices do not giue
enough information as to the way inm which the itém behaves in the test
context. One needs to know how well the item dIfferentiates between a given ;;_

level and those immediately below, irrespective of whether, for a given
populatign sample;'it happens to have a 50% “facility, or a 10 or 90% faciiity. ¥
For this ﬁufﬁése the whole test sample, and all the test items may be used to

given an overall level assessment based on.a 2/3 = success principle. Thus

if there are three 2A items, %hd the subject succeeds on at least 2 he is

.- / —
capable at leas:.of Early Conicrete thinking. ;If he fails to reach the 2/3,

criterion on any higher group of items; then he is assessed at the 24 level. - ¢
If he succeeds on at least 2/3 of the 2B items also, he is assessed 28, and
so on. Then; for each item; the percentage of the subjects assessed overall
as 2A who succeea.éﬁ the item is é;iéﬁiéﬁéa; The catculation iéaiéﬁéAEéE

“*for the 2B subjects, and for the subjects assessed overall at each of the
btherfieVels.h Such a discrimination diagram for. an. itemiu~Voiume'ahd
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" Suth a method allows direct inspection of the item's discrimination
. - characteristics. Thus oneé itém may be compared with amothér; with a fresh
sample changes in the preseéntation or wording of an item may be compated,

and slight changes in the scoring rules used to assess the overall level of

the subject on the test may be compared with each other.  The purpose of all

' the changes would be to increase the precision f each item, which is

measured directly by the abruptness of the ogive. The discrimination level
of the item can also be accurately gauged by the centre poimt of the ogive:
It may be remarked here that an empiricist skill-integrationist account

of intellectual development can be distinguished experimentally from the .
Piagetian account of déveloping general structures by such test-analysis.
particular order in which a given child would develop particular skills would .
depend on the accidents of their experience. As they get older or brighter

” concept. On the Piagetian account an invariant sequence, dependant dﬁ.tﬁe“'
. hferarchical development of mental structures; would give diagrams with sharp
ogives, since if a child possessed‘a given structure there would be a very

high probability that he would solve all tasks requiring that structure.

Scaiéﬁiiity, uniﬁiméﬁSionéiityiféﬁd the ﬁbéviﬁger test-theory

It is cirious that the elegant, subtle and powerful critique made by

Jane Loevinger (Loevinger 1947; 1948) of current test théory in the Forties,

.and the new metliods which she described, should ‘have featured so little in

the research literature. Perhaps it is a rare example of a data-processing

method-developed in advance of its time, when no problems existed whose

theoretical model required such analysis-techniques: Cuttman scalogram
analysis, Eﬁ&ﬁgﬁ-&igaiaaéiy §Ei£§éé§éa; has fared better. Ome can cite the
ultimate accolade of its presence in the SPSS packagé. But the reason for
tﬁis is that it was conceived in response to attitude variables, whose imblied

=3
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" underlying model is.strict scalability. It has been widely used in
eoeioiogy ;ether than psychology. A'bipoiar Qariabie; such es'xenephebie'
(and xenophilie) should be expected to scale, since feelings and attigudes
are usually unified. But-to place a subjeet ﬁomewhere on a xénophobia; ,
xenophilia scale iﬁﬁiieéta &iffefentlmodei from that underiying any account
of developing tnteiligence. Even the'PiagetiaﬁvaCEountz which seems to come
closest to implying scalability, differs importantly from'attitude variables

. ¢

in that no successes of an earlier stage are lost with the development of a

. later stage. For example, simple cause and effect thinking such as the
eonneetion between the weighte on a spring and its extension would still be

th1nk1ng is perfectly adequate to the relationship in question.u Scalogram

‘aﬁalysis would seem best to fit data in which there are gradual’goalitat1Ve

' changes io behaviours or etrengthe of feeling over thérwhoié scale.
'%oéGiﬁgéf’s aporoéoh ran parallel to the &eVeiopmeﬁt of factor-analytic

ﬁétﬁS&E; . it was, in oaft; an attempt to deveiop a méthod of test:anaiysie

which would ensure EH&E eﬁe cest actually nie;eurea somet-hiﬁg; « iia’ther*ti,en -

‘analys1s which set of abilities a;e ‘estimated by the diffetent items, she

_ egneeﬁeea that it was better to start with a theory which should iﬁpeee a

unified construét on a test, select test items in accordance with the Eheory,

and then use her oym epefeﬁeiete method of testianai}sié;to improve the tests.

Yet to the author K] knowledge this approach was never actually used.. If

. there is a well- def1ned menital construct then it “should be poss1b1e to

measure increasing develomeﬁt of it; by subjeCts. A unidimensional test

derived from the construct should, of coﬁrse;ebe uni-factor (Lumsden, '1961).

But as,willahegdiscnssedgiater5 there are technical reasons’ why factor-

analysis may not give a clear decision yhere_test-item data cover a very

wide rangé of mentai fqnctioning; Loevinéei;é aéfﬁﬁitioﬁ of test homogeneity
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i aliows the functioning of each item to be inspected directty. Each tem

~r

b T should be related to another item which tests a greater degree of achie rement

of thevunderlying construct by the relationship 7i the iatter, then the former'

She developed three indices which quantified this relationship for ome item

.
77777 [

- in relation to another (H j) for an item in: relation to the test as-a whole,§

(H ), and for the degree of homogeneity of the test (H ). Again, it will

./‘ to the 'difficulty~factor problem in factor-analysi But her principle of
]/ test-analysis is unaffected by this, and is obviously a close fit to the 7
_2>;?/ Piagetian model. Both Nassefat (1963) and Goldschmid and Bentler (1968)
{/ e haue used it on Piagetian data; The discrimination-level diagrams referred

.
o

to earlier are obviously closely related to the Loevinger analysis; A sharp

. and a set of items of different facilities; each with sharp discrimination;

.- . s ) .
will define experimentally a unidimensional construct. Thus we have a method

of test-analysis which should suit Piagetisn'data if the Piagetian model is

valid, Figure 2 g1ves the complete set of discrimination diagrams. for the

test, Volumé and Heaviness; determined on a representative sample of 12 year

olds. - Y ' i v

Fig.2 dbout here

k-

the 'difficulty-factor problem (Ferguson, 1941) on data such as this. One.

{

{
can factor-anaiyse‘the items within a comp051te Piagetian test, and fihd

‘oneself with, not one factor as the Piageti&n model Eéaaiiés, but a-

L _ = B X - S I T e - [ -
"Concrete factor' and a 'Formal factbr' and even possibly an intermediate




o Transitionai faiaai factor' as well (tawson 1978). Factor-analysis as“
—
a black-box tooi is reaiiy best used on: data all of which are around the

50 per cent facility tevel fof'the leple chosen. It will' then accurately
r‘ . - 'J‘,, o . .
j//differentiate the correlation matrix into the number of factors requited

to explain the data. The reason for this has most cieariy been shown by N
Carroll (1961). Factor-analysis is a process of grouping of the ceiis of

a correlation matrix. = If the correlation coefficient used is Pearson T;

or the phi-coefficient which i§ the form it takes for dichotomous data, then.

the maximum value it can take is limited by ‘the degree of overlap in the two- )
dImensional matrix_of the variables; Ferguson showéd_that if a‘'set of items
géaa a facility raﬁgé from, say; 10 to 90 per cent, the correlation matrix
will split into at ieast three sets, even though the true':correlation
between\ail the items is the same; : Items with facilities in the same range

b
-

may attain a value of ﬁééfiy 1, if perfectiy correiated but when corre]ated

_ w1th items in a different facility range may be limited to a maximum of 0.5
i, . : .
or less, and will be lowered proportionally if less than perfectiy correlated(

u

* Thus the factor-analys1s procedure can\produce several factors -from a uni-

dimensional set of' items. - |
A partial solution to this proaiém was bfféréd_by'aentiét (19715 under

the name of Monotonicity Analysis, aﬁdlhaslbéen used aothﬁby him (Goldschmid &
Bentler; 1968) and Hooper and Dihoff (1975) in the analysis of Piagetian ista.
In_éffect théimethod involves changing the'association index to one which

does @Sé drop;ﬁhén the faciiit§fof items 6£g;éé; The indexlhé used is one
pfbbdséa by Yule in 1912, mhich mas‘EEGeiopéd by‘Yule in response to an

analogous problem where use either of Pearson T or of tetrachoric T produced
either negative or- positive distortion of the association relations hip*when .
the marginal values differed widely. Yule's Y or omega index (Bentlet's a

reduges to Y, for dichotomous data) was ConcéiVéd to yield, as néarly as’

"y
o

e
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- VOLUME AND HEAVINESS: PRINCIPAL COMPONENTS =
P Item | Component loadiags after Varimax rotation | .
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possible, the .same value which the phi-coefficient would have gtven for thh
q N
- data=matrix if it hfd been cut to give 50/50 marginai values; Even this

eoefficieﬁt distorts when the value of one of the four éorreiéEioﬁ cells
~_  drops.nearly to 0, but it does so less than any coefficient, inciudigg .
| Yules Q;  Yule showed that the sampling variation for this.coefficlent is
Y : N . .

;ié;s than“that of any of the prevxously named variables. The reason for

,this can be seen in Carrol's diagrans; as can be also seen the'teEHhiééi

cannot be 'used as a solution to the 'difficulty-factor problem. It,-like

\
.

is cut at éxttémé values: It therefore’élso leeds,to 'difficulty-factors -

. but in this case by associating items of w1de1y feriﬁg facilltles.

—

Technzcally, the procedure is to Juse a 31mp1e principai components o

eﬁely51s programme on a matrtx of YuIe s Y coefftctents. It is easy to

write a programme to compute Yuie E\Y, and insert it in the SPSS PA 1
R progré;ﬁé iﬁ éiace of the phi—mattix.\ When this was carried out for the

“

Volume and Heaviness teek; it produced a.two-component éoiution;:es givéﬂ . RN
“in Table 2. =
e P el NamiimmiEEEmEs=mZ=czzoiLwTuuis riicmmemmasm=== v
' ‘a
InsSert Tgbie 2 here - |,
- . e
| ! ‘ Ce )
) -
A3 ’ . o
ra \\\ "

. , . oo N L e S
‘However; it has-to be admitted that.all this is Stretching the factor-analysis
- e 77777777_77777,; B ,,77,/"';:777_ o P S
procedure to the analysis. of hierarchical 'data to which it is not really suited.
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* The problem s that the Component 2 loadings are on high facility items.

Even Yule s Y cannot pick up a- relationship when thexe is virtually no.

overlap in the data; As will be Seen later items 1 to 3 can be accommodated

quite well within the context of the overall test comnstructs. What,is
’required is a data-analysino technique ‘which represents all the information

4

in the tésgédata;

REPRESENTATION OF TEST-CONTENT
Ty

Lunsden’s *flogging-wall'

c In a powerfully argued review (tumsden; 1976) Lumsden playfully offered
a concrete metaphor to try to elucidate Eaﬁé of the paradoxes and fallacies
involved in Eight years and more of the psychometric test literature. The

. same kind of conclusion was reached much earlier in axpenetrating review

& called 'The Attenuation Paradox' by Jane Loevinger. é'e showed that.thére

was only one kind of item distribution (Loevinger 1954, F1g.3) in which the
o S

Vaiidity did not decrease with increasing re11ability:- that in which the )

-~

items had rectangular.distribution of item facilities. Lumsden s 'flogging-
wall' suggests an explanation for this. He suggests-an analogy between

the test-estimation process, and an attempt to estimate the height of a
.subject by drawing him past a wall ouE of ﬁhiéﬁ'&fé'ﬁi%iﬁé canes each at a

different height, but some rogging .up and doﬁﬁ with d"ff'rent amplitudes;

The»subject ‘s heIght is estimated by the number of cane-cuts he accumulates

in the course of his triai* By analogy;‘the discrimination and spacing-of

the items in a test shouid be such- as to compromise between leaving no gaps,

and ensuring that at each level of the test there are enough overlapping

items to increase the precision of estimate.\ The diSCrimination should

B

not be too-coarse or the reliability, or precision~of estimate, will be low.’
This metaphor suggested a method of representing, the thrée imponkant_

asﬁ’cts of items iﬁ,fwa dimensional space. As.loévingér (lé%ﬁ,pgﬁgj pointed”

discrimination level, and discrimination power, or £ineness1 From the

discrimination diagrams used earlier one may, by imposing an equai-intervai

-
- B
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Fig.3: Discrimizmtien rangeef—ttems in 7
T sooe T _ Volume and Heaviness ( Task 11, NFER 1979)
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scale onto the Piagetian levels used, estimaté the Piagetian levels of the
" subjects ﬁho, successively; show 25%, Gii;_and 75% success on an item: Note

that these are-not faéility levels. “The 67% level is that at which 67 percent

of the subjects assessed by the test overall at_ thatflevel pass the item: In

effect, this is the discrimimation level'of the item: In Figure 3 the facilit:y .
_of the items is plotted against a line spanning.the 25; 67 & 75% levels for '
each item. The length of ‘the item line is an inverse ﬁéasﬁré of the |
tnidimensionality of the item iﬁ.Eﬁé tééé context and estimates discriminétion‘&
power. _it will be seen’ that aii‘iteﬁs.discriﬁinate_Qith a satisfactory Sharp-

ness, with the exception of item 3b,Conservation of Weight, and item 11,

Intuitive Demsity. This, it is true; was reflected in thé low communalities
of these two items in the factor-analysis, but the significance is clearer in

_ this diagram: - In the case-of item 1l one must say that it is not as closely

. related to the overall developmental construct as-are the other items. Item

jiscriminate at a lower 1eve1 but there is Y
61e5f1§ some aspect of the weight conservation probtem ( this is of a grain
of corn being 'popped' by heat) whichfféﬁ&éfs the facility less and the~n

~

3b iooks as though it srould

discrimination level higher Ehéﬁ one might have expected. This points to some

deficiency not picked up earlier in the formulation of the item itSelfy

——rge

Further Piagetian research questions are obvious, but it is not the purpose
of this paper to explore them. - ' ) ) : _ .
. Such a diagram does most of ‘the work in estimating

the unidimensionality of a test, and has the advantage both of representing

the discrimination levels of the items and their spacing within the test,
and also of p1n-pointing the departures of any items from the overall . test=

construct. It will mot work in reverse, of course; A mu1t1-dimensiona1 test

would have item-lines all stretching widely across the test-space. Only K

factor-anatysisrwodid indicate how many factors-were involved. But where,

"as in Piagetian-studies, it is 4 unidimensional construct one is attempting '

to ekﬁiaié,*gﬁaﬁ a diagram does represent all the parameters which Loevinger

bosr
il




1A

was sttempting to characterise in test-constructiom; and provides an overall

. check on the .test constrnct which can suggest immediate femédy.

L]

A 67% success .criterion was originally taken for _pedagogic reasons. It

seemed a teasonably stringent proportiom by which to teil whether a pupil

understood the basic principle underlying several items testing the same.

science concept: Subsequéntly it was found empiricaily to be_the cutting

level which gave the best scaling of groups of items which differed widely

io facilities, and which were expected to scale at several different levels.

There may be a good tecﬁnical reason for this, but it is not known to the

author. 3
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. TABLE 1
CONCEPTS IN VOLUME AND HEAVINESS TEST

Concepts

Piagetian level of concept

Conservation of substancé (Mass)
Internal volume and intuitive
density ‘(Heaviness)

' Conservation of Weight and
occupied  volume

" Displacement volume

_Density as a weight to
volume relationship .

~ .
-

iA_ Eériy éoncreté

- 2A/2B

iﬁ iété ancrgté_
2B/3A

3A . Eariy Formal

| TABLE 2 |
VOLUME AND HEAVINESS: PRINCIPAL COMPONENTS

" . Component loadings after Varimax:rotation

-Component 1

Component -2

57

68
34
P . 61
. 8 . 67
’ 9. = ' 66
10 : 67
1 34
132 | 57
13b : 67
14 38

74
69 -
36
43

30

14Fd‘ )
R



Fig.i Volume & Hea;?iness. Item 9.
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. Fig.2: . piscrimination-level diagrams. for questions in

L e L Task II: _Volume and Heaviness . -
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| Fig.3: Disetiimmatien rang&e#item&in L ' =
_ ‘Volume and" Heaviness ( Task II NFER 197J :
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