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This paper is concerned with a debate over the rasponse criteria usoed
to infer the presence of Piagetian stage-related concepts wiich has been
going on in the cognitive-developuental literature for more than a decade.
The debate began during the early 1960s with a series of cxchanges between
Braine (1962, 1964) and Smadslund (1963, 1965) over transitivity criteria.
Shortly thereafter, the debate was generalized to the measurement of other
Piagetian concepts in papers by Gruen (1966) and Smedslund (1969). The
present decede has witnessed a continuation of the original disagreemant
over transitivity criteria in the form of an exchange betwsen Trabasso and
his associates (Brvant, 1973; Bryant & Trabasso, 1971; Riley & Trabasso
1974) and Youniss and Furth (1973). Further discussions of the general
version of the criterion problem, which includes the transitivity disagree-
ment as a special case, alse have appeared recently (Brainerd, 1973a, 1973bL,
1973c, 1974435 Brainerd & Hooper, 1974; Kuhn, 1974; Recse & Schack, 1974).

In its general form, the criterion problem is concerned v th the
minimum behavioral evidence an investigator requires before he will conclude
that a qiven subject possessoes some stage-related concept. On the one hand,
the Genevans (e.g., Inhelder, Bovet, Sinclair, & Smock; Inhelder & Sinclair,
19695 Sinclair, 1973) and investigators who favor a more or less ovthorox
Piagetian view of cognitive development (e.q., Lasry & Laurendeau, 1969;
Smedslund, 19G3; Streuss, 19725 Younics & Furth, 1973) reauire very strong
evidamce. On the otlor hand, ess orthodox investigators (e.q., Braina,
1969 Braine & Shanks, 1965a, 1965b, Pruner, 19643 Bryant & Traebasso, 1971;
Mehler & Dever, 1967) will accept somewhat wegker evidence. For reasons that
have never Leen explicitly stated, investigators frem the forwer group seem

to vicw Type I asscssment errvors (“false positive” diagnoses) as far morc
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4
heinous than Type IT assessment errors ("false negative" diaanoses)--hence,
their conservative criteria.  In contrast, investigators from the latter
group tend to regard Type 1 and Type II errors as cquelly objectionabla--
hence, their more liberal criteria.

To illustrate soue of the extant differences hetween "conservative
criteria” and "liberal criteria," consider the ubiquitous liquid quantity
Conservative problem. We begin with two identical glasses containing equal
amounts of water and then pour the contents of one glass into either a wider
or narrower container. If this problem is adn inisterad according to the
ustal conservative criterion (e.g., Inhelder & Sinclair, 1969), subjects
would be required to do at least three things: (a) Jjudge whether or not
the two quantities are stil) equal; (b) explain each Judgment; (c) reply
to a countersuggestion by the experimenter about each judgment. Any given
administration of the problem is scored as a “pass" only if the subject
Judges that the quantities are still equal, provides an explanation which
indicates that he grasps the underlying logic of the nroblem, and resists
the experimznier's suggestion that the two quantities are in fact unequal.
If the proble. is administercd according to the usual liberal criterion
(e.q., Brainoerd, 1974L), subjects would be required only to judge
whether or not the twe quantities are still equal after transformation.
Any given administration of the problem is scorad as a "pass" if tho subject
riakes an equivalence judament. The subject is said to possess conservation
if the ratio of equivalence judgments to difference Judgments departs
significantly from chance expectations across a serios of adminmistrations
of the prol.lan.

The conservative criteria enployed by orthodox investigators are open

to the criticism that many subjects who possess (i concepts being assessed
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will not be alle to wmeet the stringent crileria. In the proceding illus-
tration, foe exaqple, component b is suspect. T have shovn elsovhere on
theoretical grounds that cxplanations introduce at Teast two specific sources
of Typa IT error (Brainerd, 1973b, 1974a). Horeover, Siegel (1974a, 1974h)
recently has shown that children's capacity to use the language tapped by
component b lags far behind their grasp of the concepts themselves. 0n the
other hand, the more 1ikeral criteria cmployed by less orthodox investigators
arc open to the criticism that some sﬂbjects who do not possess the concept
being assessed will be able to satisfy the criteria. In the preceding
illustration, for example, it is theoretically possible for a subject to
adopt an equivalence response set and pass every trial without understanding
conservation. More generally, Smed<Tund (1962) has argued that most Piagetian
concapt assessments are susceptible > "irrelevant hypotheses" (e.qa., equi-
valonce sets in the case of conservaw on) which allow subjects to gencrate
corvect judgments without possessing cthe concept. Although at present
there doos not oppear to be any uncquivocal empirical support for the
existence and use of irrclevant hypotheses (cf. Brainerd, 1973b, Footnote 3,
p. 178), muy invesiigators have vicved Smedslund's argument as logically
persuasive (c.q., Reese & Schack, 1974).

In short, rescarchers who study Piagetian concents and seek to test
predictions fron th2 thzory are confrontad with the following dilemna:
Is it bettor Lo adopt conservative Goneven criteria and vun the rish of
connitting Type I errors or is it better Lo adopt more likeral criteria
and run the risk of cornilting Type T eriors? Does @ critorion which may
incorporete Typa J1 error or a criterina vhich may incerporate Type 1 error

provide a fairee test of the tieory? To answer this question, vo nust know
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what the objective consequences of Type 1 and Type II crrors are for the
theory. Ve shall ceasider s problem b2low. First, the capirical signi-
ficance of the criterion problem will be discussed as a means of narrowing

it scope and sharpening its focus. Ve shall see that the criterion problen

is of critical theoretical significance only in studies concerned with the
order of emergence of two or more same-stage concepts. Next, the effects

of Type I and Type II errors on expected frequencies for samples drawn from
populations vhich do and do not support theoretical predictions will be
revieved. Contrary to the freauently ackiowledned opinion that liberal criteria
produce data which are less favorable to the Piagetian theory than conservative
Genevan criteria (e.q., Gruen, 1966; Strauss, 1972), we shall see that

Type 1 and Type II errars both favor tho thecry.

Empirical Significance of the Criterion Problem

In the cormnitive-develommental literature, the criterion problem has
been a source of controversy in the context of three specific questions: (a)
the age of criercence of individual Piagetian concepts; (L) the trainability
of individual Piagetiun concepts; (c) the order of emeraence of two c» more
same-stage Plagetian concepls, Concorning 2, the age noras for concopts
such as transitivily and conservation are two or threo years older with
Genovan criteria than with more litcral criteria (c.g., Braine, 1659;
braine & Shanks, 19252, Brainerd, 1973a; Bryent & Trabisso, 1971). Con-
cerning h, il h1s heon suggested (Gruen, 19665 Kuhn, 19744 Strouss, 19/2)
that training effects obiacved with more Tiberal criteria ray not be observ.d
with Genovan criteria.  Concerning ¢, two concepts helonging to tho sam.

Piagetian-stage of ment:1 develomwont arve less frequently observed to aiorge
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in a fixed ordor with Cenzvan criteria than with more liberal criteria
(cf. Brainord, 19744; Brainord & Hooper, 1974).

Age norms, training effects, and emergence orders all haye provoked
their share of rdebate in the Viterature. However, disagrecments in the
titerature notwithstanding, the first two questions are not especially
crucial from the standpoint of the theory. Concerning age norms, it has been
observed elscwhere that “age norms are trivial issues from the standpoint
of Piagetian theory bhecause thz theory leaves wide latitude regarding them
[Brainerd, 1973b, p. 173]." If, for example, it could be demonstrated that
most concrete-operational concepts apnear a full two years earlier than the
nominal 7.to-8-year old norm, the theory would not be substantively affected.
Second, cencerning training effects, the suggestion that such effects may be
observed with Tikeral criteria but not vith conservative criteria would be
Twportant only if, as was once supposed (e.g., Mermelstein & Meyer, 1969;
Smedsiund, 1961), tha theory specified that stage-related concepts cannof
be trained. Although there has been some confusion in the literature over
precisely what the predictions of the theory are Vis-a-vis training, this
issue has been clarified in recent years (Brainord & Allen, 1971; Inhelder
& Sinclair, 1989; Sinclair, 1973), Clearly, th® Lheory predicts training
effects (cf. especially Sinclair, 1973, pp. 57-58). Morcover, the con-
Jécture that these effects are visible with liberal criteria but not with
Genevan criteria has not received much sunport fron neoPiagetian training
experiments. In a recent roview of this literalure (Prainerd, 1973c), it
vias noted that, to dale, choice of criterion has not boen a critical
variable in training cxperiments.  The typical finding has been that a given

treatment produces a training effect with both soris of criteria, but tho



effect is mece pronounced with Iibernl critoria,

Unlite a and L, the third question is crucial frem the standpoint
of the theory. Hence, let us be precise about what this question is con-
cerned with. Three general types of asynchrony are possiile vith Piagetian
concepts.  First, there are botween-stage asynchronies, which the theory
terms ggygjggl_g§§glggg§, Between-stage asynchronies come in two varieties:
within-concept and between-concept. Concerning the former, we are given two
or more versions of "~ same aeneral concept which . siensibly belong to
different globul sta,es of mental development and they are observed to emerge
in a fixed order, Quantity conservation {concrete-cperational stage) and
density conservation (formal-operational staae) are a case in point. Con-
cerning between-stage/between-concept asynchroniecs, we are given two or
more distinct concepts vhich ostensibly belong to different stages and they
arc obsarved to cmerge in a fixed order. lumber conservation and implicatiorn.
reasoning are a case in point. With respect to Ioth versions of vertical
decalage, the prediction, of course, is that the itom from the earlier stige
invariably is acquired before the iten from the later stage. The second
type of asynchrony is within-stage/within-concept, vhich the theory terms
npg[ggngg}_qéﬁglagg. For example, children are known to conserve in some
noﬁinally concrete-cperational arcas {(e.q., number Tength) long bofore thoy
conserve in others (z.q., weight, arca). Although the theory riakes no
directionl predictions about this type of asynchrony, it presently accomo-
dates horizontal dicalases on an ad hoc hasis (cf. Flavell & Kohlwill, 1600).
The third and viost intercsting fora of asynchrony is vtithin-staoe/botvcen-
concept. Here, we are given two or more distinct concuts which ostensibly
belong Lo tho same slagi: and they are obscrved to enierge in a fixed order.

The concrete-operationai concepts of transitivity and conservation provide 2
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standard illustration. It is vith respect to within-stage/betyeen-concent
asynchrony that the criterion problem becomes of paravount imporcance.

Nithin-stage/hetwven~concopt asynchrony is more interesting than

either between-stage or vithin-stage/within-concept asynchrony because it
is generally proscrited by the theory (cf. Flavell & Vohlwill, 19€9; Pinard
& Laurendaau, 1269). Morcover, existing ncoPiagetian models, which seck to
refine Piaget's stages by adding quantifiable transition parameters (e.q.,
Case, 1972; Flavell & Wohlwill, 1969; Pascual-Leone, Pulos, & Parkinson,
1974; Pascual-Lcone & Smith, 1969), also cannot accomodate this type of
asynchrony. It is Piaget's structures-of-the-whole principle vhich pre-
cludes within-stage/botween~concept asynchrony (Brainerd, 1978¢; Pinard &
Laurendoau, 1969). According to this principle, the concepts which
characterize each global stage of mental development all prosuppose the same
set of tighily kait coqnitive structures. During the course of cach stage,
the concepts identified with that stage are gonerated from the structures
in much the sanie manner that a mathematician would deduce theorems from
previously givein proof procedures. Recause the structures vhich define a
given stage arc so tightly bnit, the theory stipulates that they must ererae
synchroncusly.  ithin-staree/within-concopt asynchrenies are possible
because the cheory acknowimsdges the souewhat animistic possibility that
certain contont areas "resist" anplicalion of the structuwres more thar other
content arcas. Thus, numior conservalion precedes quantity conservation
teceuse, for some unbnusn reason, quantity content resists application of the
concrete-operational grouncmant structures nore than mumber content doos.
Howover, vhen we consider tio distinct concepts vhich are believed Lo

presupposc ted sap wndeclying strecturcs (iLe., baleng to the sabe staan)
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pithin the same content area, the resistance arqument cannot be invoked
because content is held constant. If we compare transitivity of length with
conscrvation of length, for cxample, the content area is the same and, hence,
the two concepts should emerge synchronously (Brainerd, 1974c; Dagenais,
16733 Pinard & Laurendeau, 1959). If, instcad, it is observed that one of
the two cencepts invariably precedes the other in most content areas, then
the claim that both concepts presuppose the same level of cognitive struc-
turation secms dubious.

The structures-of-the-whole principle notwithstanding, within-stage/
betwzen-concept asyncrhonies may indeed occur. They have been observed in
profusion during recent years with concrete-operational concepts. Moreover,
the asynchronies which have been reported seem to suggest a general under-
lying pattern which has been commented on elsevhere {Breinerd, 1974c; Burke-
Horkle & Hooper, 1975). The structures which all concrete-operational
concepts are said to presupposc are the so-called groupements. There are
eight of these structures in all. Four of them are concernced with set-
theoretic operations predicated on nested classes (cf. Piaget, 1949, pp. 109-
125) and the remaining four are concerned with arithmetic operations pre-
dicated on asyrimetrical and symmetrical relations (cf. Pieqet, 1940, pp. 141-
179). Hence, concrete-operational concepts tond to fall into two broad
categories--those concerniad primarily with reasoning about classes (e.qg.,
class inclusion, double classification, cardinal numbar) and those concerned
primarily with reasoning ahout relations (e.q., transitivity, double seriation,
ordinal number). Suppose ve think of the latter qgroup of concepts as
comprising a "relational dimension” and the formor qroup of concepts as

comprising a "classificatory dimension." Recent dovelopmental eidence
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suggests that, contrary to structures-of-the-whole, children meke consider-
able progross with the relational dim=asion bafore they make much progress
with the classificatory dimension. Taken together, findings on fowr within-
stage/betwacn-concept asynchronies sugaest this underlying pattern: transi-

tivity vs. class inclusion (Prainerd, 1973a, 1974b; Drainerd & VYand: «
Heuvel, 1974, double seriation vs. doubla classification (Hooper et al.,

1974); ordinal number vs. cardinal number (Brainerd, 1973d, 19732, 1974d;
Brainerd & Fraser, 197535 Gonchar, 1974; Siegel, 1974c); relational groupe-
ment operations vi. classiticatory groupement operations (Brainerd, 1972
bihoff, 1974; Ueinreb & Brainord, 1975). In each instance, the relevant

relational concepts were observed to emerge before the relevant classifi-

catory concepts,

Although the data reported in the studies just mentioned is both
substantial and suggestive of an underlying pattern, liberal nonGenevan
criteria viore cnployed in all the studies., Thercfore, {t is possible for
more ortuodor investigators te invoke the Type I errov criticism discussed
carlier.  Further doubis are raised by empirical cvidence which suggests
that some ¢f the precelding asyanchronics are not observed with corsorvative
Genovan critoeria (Dagenais, 19735 Gonchar, 1974; Leaerise, 19743 Sheppard,
19745 Swmedslund, 1964). lorcover, Genevap cri‘cria are knowa to reduce
the possivility of finding asyncrhonies in same-stage cuncepls other than
those mentioncd above ( Brainerd & Drainurd, 1972 Prainerd, 1974a;
brainovd & Hooper, 1974).

To susriarize, we are confronted with two generael probloms.  First,
there is the doebale ovoer response criteria.  Genevan-oriented investigators
have argued that Type I ervors ave commiticd with Tiberel critoria ams loss

orthodox investigators have argued that Type 11 crrors are comnitled with
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consurvative oriteria,  The sccond problua concerns tho cenflicting findings
on within-stege/Letuoon-cancept asynchrony.  Recent. evidence suggests that
asynchronies of this theoretically crucial sort are observed more frequeatly
with liboral criteria than with conservative criteria. Therefore, we cannot
decide which findings are more believable or, vastly wore important, how to
proceed in future studies until we know precisely what effects Type I and
Type 11 errors have on the null hypotheses tested in such studies. Is it
possitle, as CGenevan reasoning implies, that Type I errors can wanufacture
synchrony from synchrony? Is it possible, as the reasoning of other .
investigators implies, that Type Il errors can mask real asynchrony? If
one of these questions c.n be answered negatively and the other answered
affivuatively, then we shall have a resolution of the criterion problem for
studies concerned with within-stage/between-concept asynchrony.
Lffects ofF Type T and Type IT Lrrors on Different Populations
e must separately evaluate the effects of Type I and Type Il crrors
on two different populations: theory-supportive popuations (i.c., those in
vhich saiin-stage connepts emorge synchronously) and thzory-contradictory
population. {i.e., thost in vhich same-stage concepts emcrge asynchironously).
Hith theory-sucportive pepulations, we are especially concerned to know
viuether or not Type 1 error increases the probability of obtaining asyn-
chironous data,. With thevry-contradictory pepulations, we arc esporcially
concernuii to know whether or not Type 1 error increases the probability
of obiaining syncinoanus daia.
The slructure of & cencept developinnt study wey Lo deserited as
follows. 1arve given tun (or more) concapts, A and B, which are known
Lo Cuerge during ;umﬂ age rang> R Tesls of A and b ave acuinistored to

a sample fron R, The subjoots' respouses ere soorad atvording Lo a
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a cousorvative o liberal criterion and Lha scores are uswd to assign each
subjoct  to cne of four categories: pass A-pass B (A/L), pass A-Tail B
(A7 B), fail A-pass v ( A/0), and fail A-fail B ("A/ T). Th~ appropriate
null hypothesis is that the observed frequencies of the second and third
categorics do not differ significantly. An exact significance test for this
hypothasis 13 given by

Plx) = (pr QE, [1]

where x = either the number of A/°B subjects or the muiber of ~A/B subjects,
it = the total number of A/ B subjects and “A/3 subjects, P = .50, and Q =
For three or more concepts, Eq. 1 provides an exact significance test for
each of the pairvise null hypotheses. Approximate tests of significance
for throe or wove concepls are provided by less cumbersoma ssalometric
procesures (e.q., Sreen, 1654). The important fact to bear in mind is that
subjects classificd as A/ or "A/ 78 are irvelevant to the null hypothesis and,
hence, we st concern ourselves witih the effects of Type I and Type 11
criterion ervors on the relative obscrved fregquencies of categories A/ B
and “A/B.
Theory-Suproriive Populations: full Hypothoesis True

Assuins tnal the lests aro adwinisteorcd to a sawple drevn from a
populatior in waich A and B emerge synzhronously. The pepalation frequencies
P], P{A/ &) = |
b( A/L) - P, . aud P{ A/ L) = Py whure P] +2r, + P3 1. bBecausc A and b

3

for the four possible typus of subjects cre: P(A/B)

n

are nol acsired in any particular order, it rust be the case tht [hoip
populaticn frequencias arce cqual.  Suppuse that the re punses of our subjocts
are scorsd coeorting ta o Titarel eriterion with 2 Tyso 1 ervor rate of

0 - x < 1. Fouuill this offect the expected freguencics of the four

subject cotergnric.?
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Conceraing categury MO, tuz probability that any subject who belougs
to this category will be correct¥y classified Ly our critevion is unity. For
category A/ B, tho probability thut any subject who balongs to this catugory
will be correctly classified Ly ouwr criterion is 1 - x. The probability
tuat an A/°B subject will be dnccorectly assigned to the A/B category is X.
For category "A/B, the probability that any subject who belongs to this
category will be correctly classified by our criterion is 1 - x. Tre
probability that a “A/D subject will be incorrectly assigned to the A/D
category is x. For category ~A/~D. the probability that any subject who
belongs to this category will be correctly classified by our criterion is
1 - 35?. The probability that a "A/°B subject will be incorrectly assigned
to catcgories A/B, A/°B, and ~ AB, respectively, is 5? in each case. Hence,
the expacted Trequencies of tise Four categories For any sample drawn from

this population are :

L(A/D) =P+ 2xP, + x%P, [2]
E(R/°B) =P,[1 - x] + x°P,, [2]
L(AB) =P [T - x] + x°P,, and [4]

LOAB) =P - 3. [5]

iinte that if P] + EPZ + P3 =1,thn fq. 2-Eg. 5 sust sum to 1 also.

The principal effect of Type 1 errors with theory-supportive sainplas
is on tha first and last categori ©s. The expccied valuu for the Tirst
category is substantially incresed and the expocited valve for the last
category is substantially decreos cd, relative to their pnpulatién values,
As mentioned earlicr, howevor, w are concernad prinariiy with the oifects

of criteria crrors on the secord and third categories. fote that, from the

standpoint of the null hypothesis tested in concept development studies,
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Type 1 ervors are of no conscequence. Although Type 1 errvors decrease the
expecled values of bath A/ 6 and "A/B relative to their population values,
both are decreased by the same amount. Therefore, if the population fre-
quencies of the two categories are equal, as they must be if the population
is theory-supportive, then their expected frequenciecs after Type I errov
also aere equal. Because the null hypothesis is concerned with the differance
between the observed fregencies for the two categories, Type I criterion
errors neither increase nor decrease the probability of obtaining asynchronous
data given synchrony in the population.

Now, suppuse Lhat our subjects' responses are scored accerding to a
conservative criterion with a Type II ervor rate of 0 < y < 1, The effect
is essentially the veverse of the above. Again, assume that the populaiion
frequencies of the four categories are Pl’ PZ’ PZ’ and P3, respectively.
For category A/B, tha probability that any subject who Lelongs to this
category will be correctly classified by our criterion is 1 - 3x2. The
probability that an A/B subject will be incorrectly assigned to categories
A/ B, A/b, and "A/ D is X? in each case. For category A/"B, the probability
‘that any subject who helongs to this category will be correctly classified
by our criterion is 1 - y. The probability that an A/ § subject will be
incorrectly assigned to the “A/°B category is y. For category “A/B, the
probability that any subject wio belongs to this category will be correctly
classifiod by our criterion is 1 - y. The probability that a ~A/B subject
will be inocrractly assigned to the “A/ B category is y. Finally, for
caiegory A/ B, the probubility that any subject who belongs to this category
will be correctly classified by our criterion is unity. Hence, the

expected frequoncies for the four categories are



LB = P - 3y, [6]
L B) = Bl - yT + ¥y, [7]
E(A/BY = P,[1 - y] + y% Py, and [8]

E("A/°B) = Py + 24P, + y2p.. [9]

As was th2 case for Type I errors, the principal effect of Type II
errors, given a theory-supportive sample, is to inflate the “A/ b category
substantially and deflate the A/B category substantially. As was also the
case  for Type I errors, Type Il errors do not differcntially affect the
critical A/"B and "A/B categories. If the frequencies of these two cate-
gorics are equal in the population, then their expected frequencies after
Type 11 ervor also must be equal. Therefore, Type Il crrors neither increase
nor decrease the probability of obtaining asynchronous data given synchrony
in the population.

Theory-Contradictory Population: Iull Hypothesis False

- ——- e

Assume that the tesis are administeraed to a sample from a population
in which A and B emerqe in a fixed order and assume that tha order is A » B.
The populativn frequencics for the four pussible types of subjects are:
PAB) = Pys PAZB) - P, P{-A/B) = 0, and P(-A/ B) - P3, vhere Py o+ P, +
P3 = 1. Suppose that the responses of our subjects are scored according to
the same liLleral criterion as before. The proLability that any A/C subject
will be correctly classified is unity. The probability that any A/°B subject
i1l Le correctly clasaified is 1 - X and the probabiliiy ihat he will be
incorrectly classified as an A/L is X. Tie probability that any “A/ B

subject will be covrectly classifind i5 1 - 3x2

-—

and the probability that

he will be incorrcectly classified as an AL or an A/ 0 or o "ML i3 52

in each case. lience, the expected froquencies for the Towr calegories are:



17
2

E(A/B) = P} + xP, + x°Py, [1o]
E(A°B) = P, - x] + 5Py, [11]
E("A/B) = x°Py, and [12]
E(A/B) = P[0 - 3xP). [13]

Unlike theory-supportive samples, Type I errors do have a differ-
ential effect on the crucial A/°B and “A/B categories with theory-contra-
dictory samples. Explicitly, Type I errors tend to increase tha observed
frequency of “A/B relative to the observed frequency of A/-B: Given that
Pz, P3, and x all lie between 0 and 1, the difference between the population
frequencies of the two categories (P2 and 0) must be greater than the difference
betwcen the expacted froquencies of the two categories after Type I error
(PZ[I - x] + 5?P3 and 5?P3). Therefore, the commission of Type I errors
will increase the probability of falsely accepting the null hypothesis that
Ar°B and “A/B subjects occur with equal frequency in the population. Given
a constant error rate, this masking effect will bLecome more serious as the
absolute magnitude of P2 decreases. If A > B is a "rolust" sequence (i.e.,
several years elapse betucen the onset of A and the first evidence of B).
then the frequency of A/ B subjects in the population will Le substantial
relative to the frequencies of A/B and “A/°D subjects. If A -» D is a
“precise” sequence (i.e., only a few months clapse belwoen che onset of A
and the first evidence of B), then the frequency of A/-B subjects in the
population will be small relative to the frequencies of A/B and ~A/~B
subjects. Hence, thoe conuequences of making Type I errors will be nore
serious for precise scquences such as identity vs. equivaience (cf. Brainerd

& Hooper, 1974) and multiple classification vs. multiple seriation (cf.
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Brainerd, 1974c¢) than for robust sequences such as transitivity vs. class
inclusion (cf. Brainord, 1973a).

low, suppuse that we cuploy the conservative criterion mentioned
earlicr. The population frejuencies of the four categories again are
assumad to be P], PZ’ ¢, and P3, respectively. The probability that any
A/B subject will be correctly classified is 1 - 3x? and the protability that
he will be incorractly classified as an A/°B or a “A/B or a “A/B is x?
in each instance. The probability that any A/"B subject will be correctly
classified is 1 - y and the probability that he will bo incorrectly classified
as a ‘A/'B is y. The probability that any "A/"B subject will be correctly

classified is unity. Hence, the expected frequencies for Lhe four categories

are:
E(A/B) = Pi[1 - 3y7, [14]
F(A/B) - B[ = y1 + Py, [15]
E(-A/D) = x?P], and [16]
E(A/°B) - Py + yP, + y%P,. [17]

Thus, the effoct of Type II errors on theory-contradictory samples is
precisely the same as tie effect of Type 1 errors. Type 11 errors incroase
the observed frequoncy of ~A/B subjects relative to the observed froquency
of A/ B subjects and, therefore, the probability of falsely accepting the
null hypothesis that A/ B and -A/D subjects occur with equal frequency in
the population also increases. As was also the case for Type I errors, the
practial cousequences of comaitting Type I errors in-roase as PZ deecreases.
Given a constant Type II crror rate, its consequences will be more serious

for precise sequances than for robust ones.
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Conclusions and Recommendations

The precading analysis has several interesting implications for the
criterion problem with which we hegan. First, the claim that liberal criteria
which incorporate Type I error tend to produce findings which are overly
unfavorable to thae theory obviously is false. Given that a population is
theory-supportive (null hypothesis true), Type I errors neither increase
nor decrease the probability of incorrectly rejecting the null hypothesis.
Moreover, given that a population is theory-contradictory (null hypothesis
false), Type I errors actually reduce the probability of correctly rejecting
the null hypothesis. In short, regardless of whether or not liberal
criteria do in fact incorporate Type I errors, the use of such criteria
cannot possibly militate unfairly against Piagetian predictions. Quite
to the contrary, if it happens that Type I errors are committed with a
ceriain criterion, then ths chances of finding spurious support for the
theory are enhanced. A socond implication of the preceding analysis is that
the claim that conservative criteria tend to produce findings which unfairly
favor the theory obviously is true. Given that a population is theory-
contradictory, Type II errors increase the probability that the null
hypothesis will be incorrectly accepted. As is the case for iype T errors,
therefore, Type IT errors increase the chances of obtaining spurious
support {for tho theory.

There is one very positive outcome of the preceding analysis which
should not go unmentioned. The analysis indicates that there is no psycho-
metric foundation for the sciewnat nihilistic view that obtaiuing or not
obtaining thcory-supportive findings in concept development studies is
Targely a function of arbitrary decisions about response criteria. This

view, which has beon expressed with distressing regularity in recent years
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(e.q., Hooper, 19745 tem, 1974), undoubtedly has been o source of consider-
able uncertainly to concupt aevelopmeut rescarchers. A repprochement  now
may be effected. Psyciomotrically spealing, it is fwpossible to manufacture
spuriously asyachroncus data via the copmission of either Type I or lype II
criterion ervors. Hence, evidence of asynchrony which presently exists in
the literature carnot be dismissed on the grounds that the response criteria
vaployed in the relevant studies incorporated either Type I ov Type 1I errors,
although it is always possible that this evidance could be dismissed on some
other grounds. On the other hand, it is possible to manufacture spuriously
synchronous data via the commission of Type I and Typz 11 errors. Therefore,
ve must be wore circumspect about accepting evidence of synchrony than we
are about accpeling cvidence of asynchrony.

An imporiant and provocative implication of what has just Leen said
15 Lhat, from the standpoint of the criterion debate, existing studies in
vhich asynchronies have boen observed are intrinsically more believable than
existing studies in wiich synchronies have heen observed. Earlier, it uas
noted that substanlial evidence of theory-contradictory asyachrony exists
for concrete operational concepts such as transitivity, class inclusion,
maltiple seriation, ralbinle clossificalion, ordinal auihor, cardinal rnmibe.:,
and groupement operations using liberal criteria. It also was noted that somo

~

o these saue asynchronices have not Loon ohaerved in studies where
conservative critecia vee: aoployed. Mo now know that Type I criterion
errors cannot possibly explain findings of thy former sort. If Type I
errors vere wade in these studies, thea the veported asyachronics appearu
in sp{Lc of thom vatiior than because of the., We olso know that Type 1°

errors can explain fintings of the latter sort--at Teast in part. In view

of the fact thai Typo [ and Type IT ervurs both tend Lo poruduce spuriously
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synchroaous data, it is psychomatvically reasonable to suppose that the
effective Type I crror vates of the liberal criteria vmployed in the fipst
group of studies wust be substantially ncarer to zero than the effective
Typa IT crror rates of the conservative criteria employed in the second

group of studies,
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