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AN INFORMATION PROCISSIf*} APPROACH TO THA DSVALOPHKNT 
OF THA PIAOXTIAN CONCffT OF S1RIATION

by
Bdward 0. Black stock

ABSTRACT
Tha power of information processing models to resolve the problems 

of accounting for horlsontal decalage and explaining the processes of 
transition as related to Piaget's theory is discussed. A model of the 
development of the concept of seriatim based on the information pro­
cessing paradigm is presented. An experiment involving 90 children 
(30 klndagarteners, 20 1st graders, 20 2nd graders and 20 3rd graders), 
is reported in which tha subjects performed 18 length seriation tasks 
each. There were 9 recognition tasks and 9 reconstruction tas e within 
which the number of strips and the shape af the strips were varied. The 
results confirmed the previous finding (Blackatock and King, 1973) that 
recognition perforsiance is easier than and devslopmentally precedes 
reconstruction performance. The results also show that number of strips 
and stupe are powerful variables affecting seriation performance. An 
error analysis suggests that looking strategies change with age and phys­
ical variables, and a model of development based on the neo-Piagetian 
information processing theory of Pascual-Leona is outlined.
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INTRODUCTION

Theorists concerned vith explaining cognitive development within a 
Pi&getian framaiwork have been plagued by two problems i 1. the difficulty 
of accounting for the observed phenomenon of horizontal decal ages,' and
2. adequately describing or explaining the process of transition frcn one 
stage to another. Horizontal dec&lage* is the term Piaget ascribes to 
the commonly observed phenomenon that a child oan solve one but not a 
second of two problems where both problems require precisely the same 
thought processes for correct solution. A common example in the litera­
ture is that children are able to conserve length while they are not able 
to conserve weight. Ascent studies of the seriation of length and weight 
have shown the same kind of result. The central purpose of this thesis 
is to demonstrate that regular variations in seriation performance in any 
particular stage of development, horizontal decalages, are caused by reg­
ular variations in either physical dimensions of the stimuli or task 
demands (context). This thesis will apply an information processing model 
to account for these variations. Moreover, it will be shewn how this kind 
of analysis can link variation in performance associated with horizontal 
decalages with the variation in processes associated with vertical deca- 
lages.

This introduction will first describe the general characteristics of 
information processing models. This will be accomplished by describing 
those models which have inspired my own approach.

The second part of the introduction will review and discuss theory 
and research specifically related to the concept of seriation. This will 
include a discussion of the relative merits and problems with the tradi­
tional Plagetian formulations, as well as a complete and exhaustive review



of all other research concerned with tha development of tha conoapt of 
aariatlan.

Tha third and final part of the introduction will sat forth a 
detailed outline of the present study.

Information Processing Models (Past)
Tha central characteristics of information processing models is tha 

reductien of any performance, or sequence of performances, into finer 
components or episodes, coupled with an explanation of how these components 
are integrated to produce tha observed performance. This theoretical and 
methodological approach derives mainly from each of three distinct, but 
not independent research-traditions i

1. The tradition of task analysis and empirical validation
2. Tha analysis of "strategies" in problem solving
3. The computer simulation of cognitive processes
lhe first tradition, task analysis, is mostly identified with the 

work of Qagne (1962; Qagne and Paradioe, 1961). The essence of his tech­
nique consists of the analysis of a given skill - such as simple arith­
metic ability - into a set of simpler subskills. Sach of these can in 
turn be analysed further, so the eventual outcome of the analysis is a 
hierarchical structure for the skill. Of central concern to this 
approach are techqniuos for the experimental validation of such hairarchies, 
some of which attain considerable statistical sophistication (Ai snick and 
Wang, 1969; At snick, 1970).

Two important ideas they articulate are 1) the notion of a oomponent 
of a skill aa an activity that actually occurs during its performance, and 
2) the contrasting notion of a proroouieito. a aubakill on which training 
enhances performance of the main skill but which does not appear during
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its execution, in example of the latter, ie practising scales on the 
piano as a prerequisite for performing a concerto. Also important is the 
idea that explicit sequencing information is a separate component of the 
hierarchy, in recognizing that not only do the components occur during 
the performance of a skill, but also they occur in a particular order and 
under particular conditions. Thus their analysis begins to take on soue 
of tha dynamic properties of a process model in addition to the static, 
structural properties of a hierarchy of skills.

The second tradition can trace its roots to the early days of exper­
imental psychology, but a more recent identifiable source is Bruner's 
well known study of concept identification strategies in adults (Bruner, 
Qoodnow Sc Austin, 1956). The flavor of tills approach is conveyed in 
Olson's (1970) investigation of the growth of children's ability to 
construct a diagonal line. His starting point is the observation that 
children can recognise a diagonal long before they nan construct one. His 
book is centered around the question; what prevents a child from construc­
ting a diagonal if he can correctly recognize one? His pursuit of this 
question yields a detailed experimental analysis of the nature of the 
diagonalization skill, which he analyzes as a hierarchically integrated 
series of subskills or processes.

A characteristic of this line of research is its emphasis on rule- 
governed behavior. A fine example of this can be seen in the work of 
King (1966) on the development of conjunctive and disjunctive rules. The 
topic of "strategies" seems now to have given way to the "grammar of 
action" (Bruner, 1971; cited in Qoodnow Sc Levine, 1973). Pbr example, 
Greenfield, Molson and Saltzman (1972) studied the performance of a simple 
task (the arrangement of five nesting cups) by very young children, aged



one to three years. They identified three strategies, found a statisti­
cally significant consistency in the use of a particular strategy by a 
given child, and showed evidence for a developmental progression through 
each of the strategies in turn, furthermore, they found certain relations 
between a child's ability on this task and his performance on another: a 
child could correctly insert an extra cup into an already ordered stack 
if and only if he was able to used the most advanced of three strategies. 
Qoodnow and Levine (1973)* in a paper on "Sequence and syntax in children's 
copying", make a strong case for the use of rules to describe behavior and 
provide a clear statement of the benefits to be gained therefrom. They 
argue for the ability of rule-based formulation to cut across the distinc­
tion between sensori-motor and cognitive activities, and to unify the 
description of behavior across tasks and across modalities. They point 
out that such formulations meet "a requirement...seldom met by cognitive 
concepts, namely a fairly precise relationship to behavior" (p. 9U). And 
like Olson (1970), they show how typical mistakes, instead of being dis­
missed as noise due to "performance errors", can be understood as a neces­
sary consequence of the rules governing the child's behavior.

The analogies habitually drawn by these investigators between the 
rules describing behavior and those of grammatical syntax may occasionally 
seam far-fetched, yet their basic point - which they draw from Lashley 
(1951) - is well taken: behavior exhibits structure, and we must study that 
structure if we are to understand the behavior. Itiat is notable about 
these investigators, however, and from the viewpoint of the present study 
constitutes the primary weakness of their research, is their failure to 
enquire into the processes responsible for the observable behavior and 
their contentment with its description. It is almost as if they failed to 
take their own analogy sufficiently seriously: they seem to ignore the
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fact that tha rules of syntax belong to a generative graisnar. They con­
fine than selves, as It ware, to an analysis of tha surface structure 
instead of examining the underlying deep structure and the trandbzmation 
from one level to the other (c.f. Chomsky, 1965).

The third major tradition is that of the computer simulation of 
cognitive processes. Comparisons have been drawn between computer pro­
grams and aspects of human behavior since the late 1950's (Newell, Shaw 
& Simon, 1958), but in recent years the nature of this relationship has 
been changing. Klahr (1973) points out that information processing explan­
ations can be viewed at three levels, ranging from the metaphoric to the 
concrete: it would seem that computer models have over the years been 
migrating downwards through these levels. At first, computer simulation 
studies merely used the general ideas of programing as a source of meta­
phors (ttLller, Galanter St Pribrum, 1960) or contented themselves with 
exploring the theoretical possibilities (e.g. Hunt, Main & Stone, 1966). 
Since then, however, an extensive theory of human problem solving behavior 
has emerged which yields infonxation processing models closely tied to the 
detials of the behavior actually observed (Newell & Simon, 1972). disearch 
in this area typically proceeds by the close analysis of an extensive pro­
tocol of problem solving behavior, followed by the construction of a model 
to reproduce the protocol as faithfully as is practicable. For a full 
exposition and defense of this methodology the reader is referred to Newell 
and Simon (1972).

Cognitive development is probably the most potent use to which the 
newer information processing techniques can be applied (Franham-DcLggory, 
1972). In part, this is because information processing psychologists have 
begun to recognize the significance of Piaget's developmental analysis of 
'genetic epistemology" (Piaget St Inhelder, 1969j Klkind St Flavell, 1969).
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But Piaget*a formulations tend to remain at a rarified level of abstrac* 
tion and, aa haa often been noted, it is quite difficult to bring them 
into close contact with actual behavior. This ia especially frustrating 
from an information processing point of view, since Piaget seams so nearly 
to be talking in process terms (Cellerier, 1972). He deals with "cogni­
tive representation", his "schemata" can be identified at least tentatively 
as fragments of a program, and many of his observations seam to demand a 
processing explanation. Providing such an explanation consists of more 
than a mere working out of the details of Piaget's theories. It involves 
the challenging task of designing information processing models of cogni­
tive development, based on Piaget's notions, which serve both to explicate 
those notions in concrete terms and to square them with the observed facts 
of human development.

Information Processing Models (Present)
There currently seem to be two major models of information processing 

applied to cognitive development in general and Piagetian theory in par­
ticular. These two models are the ones emerging from the students of 
Newell and Simon at Carnegie-Mellon and from the Neo-Piagetian theory of 
Pasoual-Leone.

The central technique of the model emerging from Camegie-Mellon 
(c.f. Newell & Simon, 1972; Klahr & Wallace, 1973; Baylor St Oascon, 1972; 
Young, 1973) is the use of "production systems" to capture the regularities 
in a subject's behavior. A production system (PS) is a set of rules ex­
pressing what the subject does under what conditions. Sach rule is a 
condition-action statement of the form C —* A, and means simply that in 
the circumstances specified by C the subject performs action(s) a. As a 
simple example, Newell and Simon give the following production system to



11*
dascribe the behavior of a thermostat intended to keep the temperature of 
a room between 70 and 72 t

T1: Temperature 70 & furnace-off -*> Turn-on furnace 
T2i Temperature 72 & furnace-on “*• Turn-off furnace 

The action on the right aide of T1 applies whenever the condition on its 
left is satisfied, and similarly for T2.

One of the advantages of production systems lies in the explicitness 
of their control structure. A production system presents the set of pos­
sible actions that the child can take, together with the basis on which he 
decides between them! whereas a flowchart or algorithm states only the 
outcome of that decision.

The first work to make use of production systems was concerned with 
the analysis of verbal protocols gathered from adults tackling symbolic 
problems in cryptarithustic, formal logic, and chess (Newell and Simon, 
1972). Subsequent research by others has managed to break free of these 
restrictions, and deal with the non-verbal protocols of performance on

t

concrete tasks. Clearly, this is something that had to be done if the 
production system technqiuas were ever to be applicable to the behavior 
of children. Thus, Klahr and Wallace (1972) have constructed production 
system models for the Piagetian problem of class inclusion (Klahr & 
Wallace, 1972) and for quantification (Klahr, 1973), based largely on the 
analysis of error patterns and response latencies. They have also outlined 
a moire ambitious but speculative model of the development of conservation 
of quantity (Klahr & Wallace, 1973). At the same time, in Montreal,
Baylor and Gascon (1972) have written production systems for children's 
behavior on problems of weight seriation, which they have also compared 
with the seriation of length (Baylor, Gascon, Lemoyne-Plourde & Pothier- 
Desaulniers, 1972). This study of the comparison between length and
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weight seriation demonstrates the particular power of information pro­
cessing techniques to account for horizcntal-decalages. Weight and 
length seriation normally exhibit a horizontal decalage of about two 
years. When the information processing demands of the tasks are made mors 
similar, this difference all but disappears. Specifically, the experimen­
ters examined the seriation of seven sticks of different lengths hidden 
inside cigar tubes, the child being forbidden to have more than two sticks 
uncovered at any one time. In this way the length seriation task was made 
analogous to the weight seriation, and sure enough the children's perfor­
mance on the hidden sticks task was worse than when the sticks were freely 
visible, and only slightly better than on weight seriation.

The most recent work to emerge from the Carnegie-Mellon group is one 
closely related to the present study on the development of length seria­
tion. The technique demands the extensive analysis of a very limited sam­
ple of seriation behavior. Fbr example, Young (1973) video-taped a few 
subjects on one type of seriation task employing standard stimuli (wooden 
blocks). His detailed analogies of those tapes yielded quite interesting 
production systems but because of his methodology he was unable to achieve 
his goal of generalizing those production systems to other behavior. It 
is not enough to be able to link a production system, or any information 
processing model, to one or two performances of one or two subjects in one 
situation. Models must be applicable to a wide range of seriation perfor­
mance in a wide range of subjects. The goal of any information processing 
system should be to model the control of short term memory and the inter­
face with the perceptual system as well as the coding of visual information. 
It is an assumption of the present study that any attempt to construct such 
a system without first establishing the fact that physical and memory vari­
ables affect performance in regular ways across a large variety of subjects



is premature. Tha specific problem with Young's seriation studies is that 
not enough is yet known about the seriation behavior and, more importantly, 
changes in seriation behavior to begin to write production systems which 
could account for perceptual or representational processes as well as the 
processes of development.

The other current way of using the information processing paradigm
to solve the Piagetian problems is that which is now being explored by
Pascual-Leone. Pascual-Leone’s theory contains three basic notionsi
that Piagetian type schemes are the proper units of investigation, the
notion that there is a "field of activation" for those schemes which is

everregulated by the principle of "schematicyfdetermination of performance", 
and the construct of "scheme boosters" applying on the schemes to increase 
their activation or assimilatozy strength. Most .vui boosting in his postu­
lation of the importance of maintaining the general /■ction of schemes is 
his discussion of the paradox involved in dividing schemes into two typesi 
figurative and operational. The notion is that the content of a figura­
tive scheme, that is the mental image of objects or events, can only be 
the result of operations or operational schemes. (Of course, many opera­
tional schemes never result in figurative components.) This paradox is 
similar to the problem found in computer programming in distinguishing 
sharply between programs and data (e.g. Newell, 1972). As a first step 
in shifting to an information processing paradigm Pascual-Leone shifts 
the definition of a scheme from a structural definition to a semantic- 
pragmatic one. The only difference between this definition and Piaget's 
is that it takes into account the production, by the subject, of what other 
systems would call stimuli, while Piaget's definition would account only 
for the effecting components of behavior. In other words we begin to de­
velop a process model in which the figurative schemes, or the schemes
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associated with perceptual or intuitive seriation, play a vital part 
whenever the higher order concrete operational echeees of seriation are 
brought into usage. This aptitude of these satisfied lower level schemes 
to be the releasers of other schemes gives to the scheme unit the capabil­
ity for becoming the building block for the complex hierarchical structures 
which are found in pattern recognition (Neisser, 1967; Lindsay and Norman, 
1972), in conceptual development (Inhelder and Piaget, 1959), or in problem 
solving (Newell and Simon, 1972). It accounts for the possibility of si­
multaneously having in the subject's repertoire schemes correspomding to 
different levels of generality of the same input, (e.g., a seriation 
scheme vs. a stick scheme, pair scheme, height scheme, straight line scheme, 
etc.).

The importance of this subtle change in the definition of scheme 
becomes more apparent when we consider the second central aspect of Pascual- 
Leone's theory, the notion of a field of activation. The notion of a field 
of activation corresponds to the pre-attentive short-term sensorial storage 
or sensorial information storage discussed in modern human information 
processing theories (e.g., Haber, 1969; Lindsay and Norman, 1972). The 
analogy used by Pascual-Leone to describe his conception of a field of 
activation is a good one and I repeat it here. Imagine that the subject's 
repertoire of schemes is represented by a panel of light bulbs. When the 
input arrives and activates a set of schemes, it is as if a pattern of 
lights would appear on the panel. This pattern of lights or set of acti­
vated schemes is the KLeld of Activation. Implicit in this notion of a 
field of activation is the importnat idea of the difference between acti­
vation of schemes and application of schemes. Not all schemes in the 
field of activation will actually produce the subject performances only



these schemes which are compatible and dominant in tarns of their 
assimilatory strength or activation weight will determine the response. 
Other incompatible weaker schemes will be inhibited. The factors which 
influence the activation weight of schemes are the scheme boosters and 
they modify the assimilatary strength of the schemes according to a manner 
specified by the Schematic Overdetermination of Performance principle. The 
essence of the schematic over-determination principle is that the mental or 
behavioral performance of a subject is codetermined at any moment by the 
dominant set (in the mathematical sense of the word set) of schemes acti­
vated in the repertoire and that each one of these schemes tends to share 
in the shaping of the actual performance proportionally to its current 
assimilatory strength or total activation weight.

The scheme boosters, the third main factor in Pascual-Leone' e theory, 
are the most interesting aspect as far as the present study is concerned. 
These scheme boosters determine which set of schemes in the field of 
activation are weighted to determine performance. Pascual-Leone postulates 
five schema boosters, two of which are important to us here. The three we 
will not deal with are the Affective operator (A) and the learning opera­
tors (C and L). The two scheme boosters, which are central to the present 
study are the (F) and (M) operators.

In general the (F) operator deals with the relationship between the 
physical properties of the objects involved in any performance in two 
major sensest the factors which contribute to the actual construction of 
the objects of perception and the factors which determine how those per­
ceived objects become transformed into problem solving performance. The 
first component corresponds in part to what in the literature is frequently 
called "salience," "dbviousness of cues," "sensitivity to stimuli," "stim­
ulus magnitude," etc. It is easy to see how this aspect relates to the



19
discussion above of the importance of the magnitude of the differences 
between objects involved in a seriation. The second component corresponds 
to what the Gestalt School called "autochthonous field forces" and what 
Hochberg (1957; 196k) has called "Minims* Principle." The notion of 
"minimum principle" is quite complex but for the purposes of the present 
study it suffices to say that its central role is to minimise the struc­
tural or informational complexity related to any specific performance. In 
the case of seriation performance the (F) factor would be that which deter­
mined the extent to which the physical characteristics of the objects in­
volved either facilitated or inhibited the activation of the set of schemes 
which would eventuate in seriation performance. The relevance of the (F) 
operator becomes especially clear when it is combined with the most inter­
esting of Pascual-Leone1 s five scheme boosters, the (M) operator.

In the context of Piaget's theory the construct M can be considered 
to be an explication of Piaget's notions of centration and centration 
mechanism. H is a mental attention mechanism (or a central and very 
active short-term memory oonstruct) which grows in power with age* It can 
also be construed as a central computing space M or mental processor 
(Pascual-Leone, 1968; Pascual-Leone & Smith, 1969). The M power, that is, 
the number of different schemes which M can weight in a single centration 
or M operation, increases regularly with the different Piagetian substages. 
Mow, if all factors were held constant, including the F factor (which is 
the same as saying that you are using the same material or objects) a 
subject at any age (or substage of development) would be able to order x 
amount of objects which would increase regularly with age as the power of 
M increases. If, however, you kept the age of the subject constant, and 
varied the F factor, or the physical dimensions of the objects, then you 
would vary the number of those objects the subject could seriate. This
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formulation assumes, of course, that any feature in a seriated array 
Is equal to a single scheme, but that the unified scheme of seriation can 
only be the result of the activation of the lower level, or more primitive, 
schemes that are the building blocks of the higher order scheme.

While it is clear that Pascual-Leone has cane a long way in applying 
an infwnnaklon processing approach to the problem of horizontal decalage 
and transition, he remains within the tradition so far as he has focused 
his attention on conservation problems. Beilin (1971) has noted that 
"It is a curious fact that from the entire range of interesting and impor­
tant Piagetian experiments and observations, the most studied has been 
the conservation phenomenon." The need to study a concept for which devel­
opment could be shown to be either continuous, discontinuous, or both has 
been felt for same time. If we study a concept such as seriation, in which 
the sensory information and the physical reality are not contradictory but 
complementary, and in which the sensory information could be varied regu­
larly along a continuum from having highly salient perceptual qualities 
to having minimally perceptually salient qualities, then it becomes possible 
to conduct an experiment in which the results are able to show either a 
continuous development from the use of sensory information, to the use of 
conceptual, or highly symbolic or abstract information, or an abrupt change 
from one mode to the other. An experiment with seriation should also be 
capable of demonstrating the interaction between perception and conception 
and age in solving problems.

Information Processing Models (Future)
Using Pascual-Leone1 a (1969, 1972, 197U) model as the major guiding 

principle, along with what I feel to be the best aspects of the Carnegie- 
Mellon models, I have constructed an information processing model of the



concept of seriation. It should bo kspt in mind that tho following model 
is tentative and is designed here more to represent the kind of model I 
hope to develop after a great deal more research than to be a definitive 
model of developmental processes.

Let us first call a seriated configuration as perceived by, or 
constructed*by adults, Se. Now this configuration So is composed of fea­
tures or aspects se. ... se , each of these features being seriated to the— n
extent that se^ depends upon se^. the generic symbol, se, must at each
instance of the application of this model be specified in relationship
with the specific features of the task. While the features se are generalx
constructs their specific meaning in the present model is as follows: 

sOjj - the parallel nature of the line formed by lining up 
the strips in a vertical orientation.

M g  “ the horizontal line formed by lining up the strips 
at the bottom.

se^ " the diagonal line formed by lining up the strips at 
the tops.

ae^ “ the perceived relationship A. <, B.
SQr- * the perceived relationship <N<.
It may or may not be the case that features which depend upon each 

other for use by the seriation scheme are developmentally acquired in the 
same order in which they are used in performance. These aspects sê  ... ae^ 
may also be ordered according to their saliency or constructability. Prior 
to tha development of any se construct a child must perceive a collection 
of strips or lines as merely a collection of lines with no special topologi­
cal position or order in space. Ho probably will, before the appearance 
of any sê  bring to the perception of strips a rudimentary and infralogical 
quantity operator Q. Of Course, the se may be present at any time, and
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may even be activated at any tins, but just doss not gst applied because 
its activation is not boosted by the F mataeonstruct, or the nature of the 
stimuli to which it might be applied. In the case of any seriation the 
aspect Mf is the abstraction of, or construction of, the dimension along 
which the seriation will proceed. In the present study the sê  would be 
the perception of the strips as a unitary group of vertical lines. If sê  

were not applied to a recognition task a group of sticks or strips which 
were seriated would look the same as a group of strips in any order or for
that matter any other orientation in space. If sê  were not applied to a
reconstruction task a child presented with a seriated row of blocks as a 
model might make a train, a tower or any other configuration and believe 
he had performed successfully. HLackatock (1970) found that this was the 
case when he presented 3-year-old children with reconstruction seriation 
tasks. This also explains the finding of King and Blackstock (1971) that 
the presence or absence of a model has no effect on reconstructive seri­
ation performance.

The construction of the feature sê  is not sufficient, however, to
succeed on the simplest recognition task in the present study. Once aê
has been constructed se^, the straight horizontal, line at the bottom of 
the seriated strips, may be constructed. It is logically necessary that 
se_ developoantally follows sej because the horisontal line cannot be con­
structed inless the vertical lines are. It is important to see here that 
se^ is not simply the construction of the horisontal but the construction 
of the horisontal by the lining up of vertical lines. It is the construc­
tion of a relationship between objects in space. All features are construc­
ted by rather than discovered by the subject. The third construct, or 
feature, relevant for the seriation of length or height would be sê , the 
diagonal line across the tops of the ordered strips. That the construction
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of tho diagonal developmental^ follows that of the horisontal is not 
logically necessary, but that it is empirically true, and the reasons 
therefore, have been dealt with extensively by Olson (1968 and 1970).

The fourth construct would undergo a development of its own with the 
progression from a simple arbitrary pair relationship, A + B, to a non- 
arbitrary pair relationship, A<B, B<C, to triples or the coordination 
of 2 pairs, A<B<C, A<B + B<C. The final and ultimate seriation con­
struct, seg is the perception or conception that any element N can be at 
the same time smaller than and larger than: <.N<.

The general, content free, recognition strategy or plan that a child 
would bring to any recognition task could be analyzed as consisting of 
$ parts: 1. look at the model, 2. construct a perception of a configura­
tion using the salient features of the model and store that configuration 
in short term memory (STM), 3. look at the stimulus to be compared, U» 
test for equivalence to the encoded configuration, 5. make a positive or 
negative decision. This sequence is similar to what Pascual-Leona (1973) 
has outlined as an identity-equivalence sequence. Among those factors, 
the one which is the focus of this study consists of the encoding process, 
which involves the construction of the configuration Se. I will also 
focus on the decoding processes for the recognition task which will be 
labelled fig while those for reconstruction will be labelled fin. The 
overall recognition process will be labelled Brg while the overall recon­
struction process will be labelled K m .

A symbolic representation of the steps involved in executing the 
recognition strategy would be:

1» Krg, Se, (se, ... se^)eSe,
2. Srg, Seg (se1rgj ... se^g^-fr-Sag
3. Brg, Bg (Se., (se, ... sen) - Sag (se, ... sen) )-»0 or 0
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U. Erg, Rg (Soj - Se^)-^ stop
U 1. Erg, Eg (Se-i —  3So)-» rsturn to step 2.

Srg " the executive scheme which guides all the operations at each point 
in the recognition performance sequence.

Sê  “ the act of encoding, constructing the elaments, or features, sê  ...
sen and integrating them into the configuration Sej and storing it
in short term memory. The underlining of any component represents 
that it is the product of the not underlined process.

Seu, • the product of the process Se^.
So2 ” the act of constructing the perception of the test stimulus.
So^ * the product of the process Se2>
Rg • the decoding process peculiar to recognition of comparing a standard

stimulus to a test stimulus.
- “ the act of comparison.

In Ordinary words the execution of the recognition strategy by an
adult would go like this:

1.) The subject approaches the task with the knowledge that 
recognition type of performance is going to be demanded of him.
The subject looks at the model and tries to organise the infor­
mation coming from the model into things which he can remember, 
first he decides that there are a collection of black strips and 
that they are lined up in an up and down or vertical way. Next 
he makes a horisontal line across the bottom of the strips. Next 
he makes a diagonal line going up to the right across the tqps of 
the strips. Next he decides that each individual strip is at the 
same time taller than the one to its left and shorter than the one 
to its right. The subject then decides that that is really about 
all he will be able to remember about the model and looks away to 
continue the recognition task.
2.) The subject looks at the test configuration and begins to 
organise the information earning from it. first he tries to see 
the same number of strips he saw in the model and make them so
that they are all lined up vertically. After doing this he makes
a decision whether or not the processes of making the lines ver­
tical in the model and making the lines vertical in the test con­
figuration were identical. If they were he goes on to try to 
construct, or see, the horisontal lins at the bottom of the strips.
If he decides that the processes were not the same he will reject
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the test configuration and look for another. He will follow 
this aana procedure until he reaches the limits of how much 
information, or how many features or things about the config­
urations he can think about or hold in short term memory at 
one time.
3.) If the subject gets to the point in the recognition task 
where while looking at the test configuration he is able to 
see the vertical lines, the horizontal line, the diagonal line, 
and the fact that each strip is at the same time taller than 
the one to its left and shorter than the one to its right, then 
he will decide if the total of all the processes performed in 
constructing the test configuration are identical to those per­
formed in constructing the model. If the processes are more or 
less in any way not identical he will decide to reject the 
test configuration. If they are identical he will clap his 
hands.
A symbolic representation of the steps involved in executing the 

reconstruction strategy would bet
1. Em, *»1 (se1 •••
2. Km, Rn (sê ♦ m,

3. Ira, fig (se.
u . Km, Rn, Rg (§2.1

k'. Km, Rn, fig (Sa,

n J

> e •

seR) >0 or 5
SeJ-* stop

E m  “ the executive scheme which guides all the operations at each point
in the reconstruction performance sequence.

Sê  - construction and storing, or encoding, of Se,.
Rn “ the reconstruction operator which guides the actions involved in

SSgj the actual physical construction of the configuration Se^.
ra “ the specific reconstruction operator which guides the action

involved in the actual construction of each particular feature.
In other words the execution, by an adult, of the reconstruction

strategy would go thuslyt
1.) The subject approaches the task with the knowledge that 
reconstruction type performance is going to be demanded of 
him. The subject looks at the model and encodes it in pre­
cisely the same way it is encoded for the recognition task 
(see above).
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2.) Now the subject transports a number of strips (usually 
the correct number) to the blank card. The subject then runs 
through or repeats his internal construction of the perception 
of the strips in a vertical orientation. He then transforms 
this process into overt actions which end with the same result.
This process could work like a redundant feedback loop, con- 
struction of percept, construction of external configuration, 
construction of percept, etc., until the subject decides that 
the construction of the feature while looking at the model is 
an identical process to constructing the same feature when 
looking and the product of the overt constructing actions. The 
subject would then go on to construct the next feature.
3.) Having performed step 2 the subject will then perform step 
3 in exactly the same way step 3 was performed in the recogni­
tion task.
The strategies outlined above are the strategies adults would use 

in solving the different seriation tasks. How this model can be applied 
to the actual seriation performance of children of different ages will 
be detailed in the discussion section.

Up to the present there have been very few studies which have dealt 
in any way with the development of the concept of seriation. Piaget and 
Ssaminska (19U1) first introduced the problem of seriation as it relates 
to the coordination of schemes underlying the operations of ordination 
and cardination. The tasks employed at that time were designed to demon­
strate and describe operational seriation. Children were required to 
discover the correspondence between dolls of different sises and sticks 
of different sizes as well as other operational tasks such as the insertion 
of new elements into an already constructed seriation. The basic conclu­
sion drawn was that the evolution of ordination goes hand in hand with 
that of cardination. In a later volume devoted to the exposition of the 
concepts of classification and seriation and their relationship, lahelder 
and Piaget (1961*) set forth two main problems to be solved, the first 
dealing with whether or not operational seriation is abstracted from a 
perceptual configuration and the second with the relationship between
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perceptual and operational seriation.
Hie first problem has been dealt with by Blackstock and King (1973)* 

We demonstrated that recognition memory for seriation preceded reconstruc­
tion memory developmentally, and that the number of objects to be seriated 
and the perceptual or figural characteristics of the non-seriated config- 
u rations used in that experiment had a marked effect on children's ability 
to perform on seriation tasks. Our general conclusion was that the devel- 
opmentally early perceptual image evolves into an operational image via an 
integration with other schemata of a more motoric origin.

The importance of the second problem, the relationship between 
perceptual and operational seriation, has been outlined above. It is 
surprising that Piaget devotes so little attention to its resolution. His 
method of dealing with this question was to demonstrate that graphic anti­
cipations. (drawings made by children who have seen the disarranged elements 
and are asked to imagine what they will look like when they are properly 
lined up) of seriations with good figural form precedes the ability to 
perform operational seriation (defined here as the ability to line up 
sticks according to height whan the differences between each stick are so 
small that the operation of measuring is necessary). Piaget demonstrated 
that children of four years could neither seriate nor anticipate seria- 
tions by drawing, that children of six years could anticipate seriation 
by drawing but could net actually construct the serlatlons they had drawn, 
and that children of eight or nine could anticpate hoth globally and 
analytically and perform operational seriation s. His argument is that 
there is a stage during which a child is able to imagine a seriation and 
draw it before it is able to reconstruct one from its disarranged elements. 
The notions here are confusingl If a child is able to a seriation
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befor® he can construct one then how can it be that:
. . .  a subject has a perception of a serial con­
figuration . . . because he recognises the struc­
ture as one which he himself can construct or 
reconstitute. (Inhelder and Piaget, 1961*, p. 21*9)?

Our interpretation above (Blackstock & King, 1973) is relevant here. While
a perceptual seriation may be derived from general sensorimotor schemes
and actions, the ability to construct a seriation must be preceded by the
ability to perceive one.

The evidence from the graphic anticipation experiments serves the 
purpose of demonstrating the difference between perceptual and operational 
seriation but offers little explanation of their relationship. However, 
in one of the variations of the anticipation experiments a variable was 
introduced which has great potential. In this study, which was designed 
to show the connections between tactile seriation and graphic anticipation, 
Piaget also varied the number of objects to be seriated and found that the 
subjects were able to perform the tasks with 5 objects long before they 
could do so with ten objects. We see that in discussions of perceptual 
seriation the number of objects is significant while in discussions of 
operational seriation Piaget feels there should be no developmental differ­
ence between the ability to seriate 3 or 1* objects and ten objects. This 
position could only be taken in a competence framework where the nature of 
structure is formulated independently of any content.

Subsequent studies on the concept of seriation have been rare.
Klkind (196U) conducted a replication study which confirmed Piaget's 
general findings on the characteristics of operational seriation. KLkind 
also demonstrated that three dimensional blocks were slightly easier to 
seriate than two dimensional slats which were easier to seriate than thin 
sticks which he called one dimensional. ELkind seemed hero to grasp the
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tha figural aapacta of, or tha amount of information available in, the 
objects to ba seriated, but ha declined to discuss the possible implica­
tions of those results for Piaget's theory. He also found differences in 
performance between configurations involving U, 7 and 9 objects. Another 
study concerned directly with the development of seriation was one conduc­
ted by Siegel (1972). Her main findings were that young children looked 
more at end sticks of a seriation than did older children, i.e., younger 
children employed a different looking strategy, and that there was a 
distinct developmental difference between the ability to seriate three and 
four items.

In addition to these few studies dealing directly with the develop­
ment of the ability to seriate, Piaget (1968) has reported a series of 
experiments demonstrating long-term memory improvement for seriated con­
figurations. The most interesting result of these experiments, as it 
relates to the present study, is that as the children increase in age their 
remembered configurations contain more elements, and those elements are 
arranged into better figural forms. Piaget has divided the developmental 
changes in configurations remembered into five stages, but Carey (1971) 
points out that those divisions were not necessarily dictated by the data, 
but may have been dictated by the theory. All of the studies carried out 
on the concept of seriation have revealed little about how that concept 
develops. Indeed, all studies carried out within a structural framework 
have only been able to show how the concept differs from age to age and 
from situation to situation. How do the transitions from state to state 
happen? How does one account for horizontal decalages? Beilin (1971) 
states that Vhat basically has to be answered is whether magnitude differ­
ences are related to qualitative changes identified with stage structures."
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Pascual-Leone (1970) suggests that "any attsnpt to save the general 
stages construct must account separately for the general structural 
invariants and for the response variability.11 Both Beilin and Pascual- 
Leone are, of course, referring to the problems of horizontal decalages, 
which Beilin (1965) has noted have caused a great deal of the resistence 
on the part of American psychologists to accepting Piaget's theory. The 
problem has been further confounded by the postulation by many Piagetian 
investigators and Piaget himself, of many substages, i.e., stages within 
stages. Attempting to reverse this trend, which is barren of explanatory 
power, Pasoual-Leona has postulated the existence of his central computing 
space M which increases in a lawful manner during normal development.
This notion is completely compatible with Piaget's notion of a general 
intellectual factor or general structures. As noted above, there are two 
aspects of Pascual-Leone1s formulations which apply directly to the pre­
sent study. The first is that the central computing space can be represent 
ted numerically by the number of schemes or "items of information" that 
the child can handle simultaneously; plus factors which remain constant 
during a testing situation. The second aspect is the one dealing with 
figural form or F factor. To repeat, the general notion is that if the 
items of information have lower salience or less perceptual good form, 
then the number of items any specific child can handle simultaneously 
will decrease. Pascual-Leone (1970, p. 305) states*

It has frequently been shown that the probability of a 
cue S (i.e., a releasing response for a scheme) (occurring) 
depends on its "salience,' which in turn depends both on 
learning and on the 'innate' perceptual organisational laws 
. . .  it is reasonable to assume that* the lower the 'innate' 
salience and/or SR compatabillty of a scheme, the higher the 
level of the M operation required to bring about its activa­
tion. This ' innate' modulator or construct-variable corre­
sponds probably to the figural factor (and the "field effects") 
of Piaget and Inhslder.
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It is possible to glimpse in the notions of Pascual-Leone the 

beginnings of a method of dealing with a problem which Piaget (1971, p. 11) 
has claimed is akin to the problem of friction in physics - a problem which 
needs to be solved but for which no solution seams possible. This is the 
problem of accounting for horisontal decalages, or resistances, with any 
general theoretical formulation. Flavell and Wohiwill (1969) note that 
"horisontal decalages . . . represent purely ad hoc constructs. It is 
possible to lode at them, however, as referring to aspects of the auto­
mation side of the model, concerned with the mechanisms for coding and 
processing information, rather than with tha reasoning processes as such."

There are two studies which have approached the problem of transition 
from an information processing point of view. The first was that of 
Nassefat (1963) who studied the transition from concrete to formal opera­
tions in the age period from nine to thirteen years. He made novel use of 
Green's index of consistency to support his concept of the transition per­
iod as one during which performance across formally equivalent tasks be­
comes progressively more consistent. The second study is that by Uzgiris 
(1962) as reported by Wohlwill and flavell (1969). She focused on the 
acquisition of conservation of substance, weight, and volume. She varied 
the materials used as well as the manner in which they were employed. 
Flavell and Wohlwill found that her data supported their model of transi­
tion.

The Present Study
On the most general level the present study will attempt to show 

that the physical dimensions of the elements of a seriated array determine, 
in important ways, performance involving those objects, at all levels of 
development of the concept of seriation in essentially the same way. This
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would be support for the notion that the strategies for processing portions 
of the potential information from the physical dimensions undergo qualita­
tive changes as the result of quantitative development or expansion of a 
central computing space. In addition the present study will investigate 
the relationship between recognition and reconstruction memory for seria­
tion, attempting to show how strategies for these different kinds of 
encoding and decoding demands differ. It has already been conclusively 
demonstrated that recognition performance is easier than and precedes 
developmentally reconstruction performance (HLackstock and King, 1973).
The central point of contrasting the two modes of decoding here is to find 
out if the kind of errors made in each mode are similar or different. It 
is important to note that the author does not believe that recognition 
performance equals preoperational seriation and reconstruction performance 
equals operational seriation. Surely a recognition task could be construc­
ted which demanded operational schemes to solve (for instance the task of 
recognizing that 2 different sets of seriated auditory tones are different 
from a larger set of non-seriated auditory tones, and different in the 
same way) if the memory and information processing demands were great.
At the same time, preoperational children clearly reconstruct seriations 
when the dimensions are easily constructed and the information processing 
demands are not great.

Assuming that any specific performance necessarily implies the 
existence of specific psychological structures is a serious error made by 
investigators such as Bower (1968) in his work on the concept of the per­
manent object in infants and Bryant and Trabasso (1971) in their work on 
transitivity judgements in young children. De Boysson-Bardies and O'Began 
(1973) demonstrated how young children could succeed on a test of transi­
tivity without using the strategies which Piaget said transitivity perfor-
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mane a was a demonstration of. It is one thing to postulate a psychological 
structure and cite a specific behavior as being the product of that struc­
ture. It is an entirely different thing to observe a specific behavior 
and state unequivocally that it demonstrates the existence of that structure. 
De Boysson-Bardies and O'Began (1973) put it nicelyi

...it is difficult for any single experiment to bring 
unequivocal evidence for the existence or absence of 
a given cognitive capacity. Just as failure can always 
be attributed to difficulties such as with material or 
memory overload, success can always be brought about by 
tha use of some kind of material-oriented heuristic 
which happens to work in the given situation.

However, given an awareness of the fallacy of assuming one can uncover 
competence by merely lowering task and memory demands, it would be a fur­
ther error to assume that developmental changes in span of attention and 
short term memory capacity did not play a role in the development of opera­
tional strategies. It would also be a mistake to assume that experience 
with objects of different physical dimensions and the applying of different 
kinds of processing strategies (such as perceptual or intuitive strategies) 
to those objects did not play a crucial role in the development of operation­
al strategies. This study will attempt to show how changes in physical 
dimensions and processing strategies are related to changes in age.

As seen in the discussions above, the physical dimensions of objects 
involved in seriation performance can influence that performance in two 
main ways. The first has to do with the size of the differences between 
the objects and the second with the degree to which the objects, once 
seriated, make a good figural form. This study focuses on the latter dimen­
sion because I am most interested in how variations in physical dimensions 
affect the way that Information is transformed into performance. Therefore 
I have varied the shape of the tops of two dimensional slats to maximally 
facilitate good form, to maximally inhibit good form and a condition between
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the two. (The Tarlations of the shape of the tope can be seen in figure
1.) The slats which facilitate good form should facilitate perfomance at 
all levels of development, even for adults. Of course, variations in phy­
sical dimensions will have a greater effect at younger ages because the 
activation of less developed schemes is more dependent on scheme boosters. 
Therefore younger children will succeed tasks involving scheme facilitating 
stimuli and fail on tasks involving stimuli which Inhibit the activation of 
the seriation schemes. As age increases and schemes get stronger in the 
sense that the scheme contains more information and is therefore applicable 
to more situations and can assimilate more different stimuli the power of 
inhibiting characteristics diminishes. This variable, figural form, will 
interact with the number of strips involved in any seriation. The present 
tasks employ either U, 7 or 10 strips. As is the case with the different 
shapes there will be a clear developmental progression from the ability 
to seriate U strip collections to the ability to seriate 10 strips, and the 
number of strips will affect performance at all levels of development. It 
will be most interesting to see how the number of strips in any seriation 
interacts with the shape of their tops to determine seriation performance. 
Certainly, as either number of strips or shape of tops increases in diffi­
culty the other dimensions should suffer. All of these nine conditions 
(3 shapes Z 3 numbers of objects) will be tested for both recognition and 
reconstruction memory. The two factors, number of strips and shape, should 
interact to affect perfomance on both recognition and reconstruction tasks 
in interesting ways. If good form increases the recognisahllity of a 
seriated row then perhaps a row of seven strips of a top shape which facil­
itates good form will be more recognisble than a row of four (there will 
be less good form). It could be the case that in some instances increasing 
the number of objects facilitates recognition and makes reconstruction moos
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difficult. However, the present author thinks this will not be the case 
because it is probably that the process of constructing a mental image to 
use in a recognition task, while being easier in this sense of requiring 
fewer processing steps, is ewentially the same as the processes which lead 
to the operational construction of a seriation and are therefore affected 
by physical dimensions in the same way. Altogether each subject will be 
asked to perform 16 seriation tasks. This study will employ four age 
groups spanning the transitional period from preoperational to concrete 
operational thought: 6, 7, 8 and 9 year olds.

Perfomance on the 9 recognition tasks will be measured by success or 
failure as well as the looking time. The looking time measure will (as 
detailed in the methods section) determine the average amount of time each 
subject spends scanning a configuration before making a recognition or 
non-recognition decision. This will be an independent measure of good 
form. These times will be analyzed by a U factor, 3 (shape) X 3 (number 
of strips) X U (age; 6, 7, 8 and 9) X 6 (order), analyses of variance. 
Performance on the reconstruction tasks will be measured by success or 
failure. On each task a subject will get a 1 for success and an 0 for 
failure and these numbers will be analyzed by a 5 factor: 3 (shape) X 
3 (number of slats) X 2 (task; recognition/reconstruction) X 6 (order of 
task presentation) X U (age); repeated measures analyses of variance.

The method of determining the strategies that are used to prooess 
information in all the tasks will be an error analysis. Tbs stimuli for 
the recognition task are so constucted that any regular or recurring errors 
will indicate regular or recurring looking strategies. If the younger 
children make different kinds of errors on the recognition tasks than the 
older children it will probably be because they will use different kinds 
of looking strategies. When a child is able to apply a new looking stra­
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reconstruction task. All the configurations that are made on the recon­
struction task will be carefully recorded so that any regularities in non­
seriated constructions can be observed. It is hypothesized that the errors 
made on the reconstruction tasks will have something in common with the 
errors made on the recognition tasks and that the kind of errors made 
(kind of strategies used) will vary with variations in physical dimensions 
and/or age.

If the ability to perform different seriation tasks involving materi­
als varying in their physical dimensions is causally linked to the devel­
opment of qualitatively different strategies for abstracting information 
from stimulus configuration or if, in other words, variations in pre­
operational performance are not merely unexplained or unexplainable 
phenomena within a stage of development but are rather evidence of regular 
changes in preoperational schemes which necessarily lead to changes in 
information processing stratgies, then:
1. Variations in the shape of the tops of strips will cause variations 
in performance on both recognition and reconstruction seriation tasks, 
the effects of these variations will decrease with age but be always 
present and will affect performance in the same way, or same direction, 
at all levels of performance. If these variations in performance are 
similar across tasks and ages then it will have been demonstrated that 
physical dimensions affect performance regardless of task or the level of 
development of seriation schemes. This is a fact often obscured by 
demonstrations of conservation that demand the disregarding or ignoring 
of perceived physical dimensions and one which establishes the link 
between pre-operational and operational seriation.
2. Variations in the number of strips to be seriated will cause variations
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in performance on both recognition and reconstruction but always be 
present and will affect performance in the same way, or same direction, 
at all levels of performance. If these variations in performance 
according to number of strips occur when task and other physical variables 
are held constant, the continuous and quantitative aspect of development 
of the seriation schemes will have been demonstrated. It will alse 
support the previous findings of Blackstock and King (1973)*
3. The variation of shape and number will interact so that variations in 
shape will cause variations in performance with any number and vice versa* 
Whi3e all of the above hypothesized results would support Pascual-Leone's 
notion of M space this result would be the most convincing. If a child 
at any stage of development has a limited operating capacity then increa­
sing the difficult of one dimension will decrease his ability to operate 
on other dimensions. If a child has to devote more M space to abstracting 
the relevant features frcm difficult shapes he will have less M space 
available to deal with the number of objects involved.
U. Recognition performance will always be better than reconstruction 
performance, all other variables held constant.

This finding would support our earlier findings (Blackstock & King, 
1973) as well as those of Olson (1970). While this difference between 
recognition and reconstruction performance by itself if not as surprising 
or significant as it once was, it becomes quite significant when it is 
combined with the other variables in the present study. If increasing the 
task demands causes regular changes in the level of performance regarding 
other kinds of variables both the notion of a limited computing space and 
the hierarchical organization of stimuls variables will have been supported. 
S • The kinds of errors made will change as a function of age and variations 
of the main factors above. Only by observing errors can we determine
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qualitative changes in Information processing strategies. If there is 
no qualitative change in errors then we will have failed to demonstrate 
a link between perceptual and operational seriation.

Methods
Subjects Ninety children attending an elementary school in West Orange, 
New Jersey, participated as subject* The subjects were homogeneous to the 
extent that they were all white and from the lower-middle to middle socio­
economic class. The children were enrolled in four different classest 
30 children, 15 males and 15 females, were enrolled in kindcgarten and 
had a mean age of 5 years 11 months, with a standard deviation of U.3 
months; 20 children, 11 males and 9 females, were enrolled in first grade 
and had a mean age of 7 years and 2 months, with a standard deviation of 
6.1 months; 20 children, 10 males and 10 females, were enrolled in second 
grade and had a mean age of 8 years and 2 months, with a standard deviation 
of 8.6 months. The children used in the study ware selected at random 
from the class rosters.
Stimuli For the recognition tasks black paper strips were glued to blank 
white index cards measuring 15 cm. wide and 10 cm. high. These black 
paper strips were 1 cm. wide and were cut so that their tops either sloped 
upwards from left to right at an angle of about U5 degrees (shape I), 
f ormed a straight line parallel to the bottom of the card (shape II), or 
sloped downwards from left to right at an angle of about US degrees (shape 
III). The tops of the strips cut in shape I formed a straight diagonal 
lines across the tops when they were placed in a seriated order according 
to height. Strips of shape II formed a stair-like appearance while shape 
H I  strips formed a very jagged line across their tops when seriated from 
left to right according to height. All of these strips varied in height
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from U.75 cm. to 9.75 cm. in .50 cm. steps. The height of all strips 
was measured at the midline from top to bottom. The strips were glued to 
the index cards in groups of U, 7 or 10. For the cards containing only 
U strips the i* lowest heights, U.75, 5.25, 5*75, and 6.25 cm. were used. 
For cards containing only 7 strips the 7 lowest were used, and the cards 

\ with 10 strips used, of course, all 10 heights. There were constructed 
9 decks of index cards, each deck composed of 10 cards. The first deck 
was composed with U strips, all of shape 1, per card. On one. card in 
this first deck, hereafter called deck ljl, the strips were arranged in a 
correct seriation. The strips on all cards were centered with .25 cm. 
between each strip. The bottom of the strips always formed a straight 
line at the bottom of the card. On each of the other cards in deck l±I 
the strips were arranged in non-seriated order so that 1 and only 1 pair 
of strips changed places. As there are three possible inversions in 
serlations involving U items, 3 cards were composed of non-seriations in 
which the second pair of strips changed place, and 3 cards were composed 
of non-seriations in which the third pair of strips changed positions.
The seriated card was labelled as card #0 on its back. All cards contain­
ing a first pair inversion were labelled 1_, all with 2nd pair inversions 
2, and all the 3rd pair inversions 2* Therefore, in deck Ijl there was 1 
seriation (0), three Is, three 2s, amd three 2.8. Decks UII and UII 
were arranged in the same manner. Drawings of the stimuli used in recog­
nition tasks Ul, UII and UIII appear in figure 1. There were 3 decks of 
cards for the tasks involving 7 strips. In each of these 3 decks one 
card contained a correct seriation (again card #0), 6 cards contained 1 
each of the different seriations it is possible to make by inverting one 
pair and one pair only, and 3 cards contained a non-seriation picked at 
random from the 6. No non-seriation was represented more than twice in
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tha 7 atrip daoka. Tha numbering of tha cards in tha 7 atrip decks 
followed tha sans convention as did tha U atrip decks, tha card contain-1 
ing an inversion of tha first pair of strips on the left being labelled 
1_, all the way trhough to the card containing an inversion of the last 
pair of strips to the right being labelled card 6. There were also 3 
decks of cards containing 10 strips on each card. As with the previously 
described 6 decks, in each of these 3c;dscks representing the 3 shapes 
(1, II and III) one card contained a correct seriation. The non-seriations 
were constmcted and labelled as they were for the previously described 
decks, there being 9 different non-seriations* The non-seriation with a 
first pair on the left inversion was labelled 1_, and the non-seriation 
with a last pair on the right inversion was labelled £..

For the reconstruction tasks strips were used that were in all 
respects identical to the strips used for the recognition tasks except 
that they were constructed from rigid black cardboard and were not glued 
onto any white cards. These strips were, of course, presented in the 
same 9 variations as were the strips in the recognition tasks: &I, Ull, 
UIII, 71, 711, 7111, 101, 1011 and 10IXI. There was one essential 
difference. For each task the subject was presented with 1* times as 
many strips as he/she needed to complete the task. For instance, for a 
reconstruction task requiring the subject to make a U strip seriation 
he/she would be given ii strips of each size - 16 strips in all. For 
reconstruction involving 7 strips the subjects would again be given k 
strips of each size - 28 in all, and for the tasks involving 10 strips 
he/she would be given ii strips of each size - 1*0 strips. Care was 
taken with the sloping strips, so that they did not get turned over during 
the subjects' performance of the task.



As outlined in the methods section, each card in each of the 9 decks 

used in the recognition task was, except for the one seriation (or card #0) 

a non-seriation with one pair of strips inverted. Ptor U strip configura­

tions the card with the first pair on the left iverted was card #1, while 

the card with the last pair on the right inverted was card #3. Card #2, 

of course, had the center pair inverted. Whenever a subject selected a 

non-seriation as the seriation, or made an error in recognition, the card 

selected as, or confused with, the serjrtion was recorded. Figure 13 

Shows the distribution of errors on recognition tasks according to age and 

the location of the invertsJ pair of strips in a non-seriated configuration. 

It is clear that children in the kindegarten age group mistake each of the 

3 different non-seriations containing 1* strips an equal number of times;

9, 10 and 9. However, all the older children consistently mistake cards 

on which the non-seriation is made by inverting an end pair (card 1 and 3 ) 

more than non-seriations made by inverting the center pair (card 2).

Considerations of the 7 strip configurations becomes more complex 

and more interesting. Hie numbering system used with the U strip config­

urations is again used here. Card #1 contains a non-seriated configurations 

made by inverting the first pair of strips on the left, card #6 is made by 

inverting the last pair on the right, and so on and so forth. Hiere are 

6 non-seriations in all. Of these 6 non-seriations cards 1 and 6 have 

in common the same amount of seriation, i.e. they both have 6 strips in 

the the proper order and 1 strip out of place. If numbers from 1 to 7 were 

made to represent the different heights with 1 being the shortest and 7 

being the tallest, then card #1 would be represented 2-1-3-U-5-6-7 and 

card #6 would be represented 1-2-3-U-5-7-6. Hie underlined portion of the 

representations are, of course, the strips which are consecutively in the 

proper order. Now cards '2 and 5 of this group would be represented
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1-3-2-it-5-6-7 and 1-2-3-U-6-5-7, respectively. Notice that they both have 

5 strips in proper consecutive order, or the same amount of seriation.

Cards 3 and It would be represented 1-2-U-3-5-6-7 and 1-2-3-5-U-6-7. respec­

tively. It is clear from figure 13 that cards 1 and 6, the cards contain­

ing the most seriation because their end pairs are inverted, are mistaken 

for seriation more often than are cards 2 and 5 or 3 and ij. This result 

holds across all age groups. The same result is seen in the 10 strip con­

figurations. These results seem to suggest that it is not the specific 

location of any inversion as much as it is the global appearance that 

causes aui error to be made. The results suggest a global image strategy 

rather than a serial left to right or right to left visual scanning strategy* 

Looking at the totals at the bottom of figure 13 it is clear that more cards 

containing inversions at the ends are confused with seriations. Looking 

down the rows it is clear that configurations which have an end pair inver­

ted are more often confused with seriations by older children but have no 

more potent effect than do configurations with interior inversions for 

younger children.

flsconstruction errors of the type where a child did not line up some 

strips in some order were not used in the following analysis. Those types 

of errors will be discussed'in a later part of the results section. An 

interesting finding regarding reconstruction seriation errors was that 

nearly no subject who attempted to make a seriation used an incorrect num­

ber of strips. To demonstrate this all the reconstruction errors contain­

ing the correct number of strips were counted and compared with tha number 

of reconstruction errors containing an incorrect number of strips. Those 

differences are presented according to age groups in Table 9. It is clear 

that simple numeration developmentally precedes seriation. This inter­

action has been previosuly dealt with by Slkind (I96i») and Freeman (1971).
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Tha subjects were given U of each sise strip for several important 

reasons. The foremost is that the possibility of a subject solving the 
reconstruction task using pre-operational seriation schemes alone must 
be minimised. Secondly, it is important to minimise the applicability 
of schemes other than the operational seriation schemes to the solution 
of the problem. For instance, in traditional seriation tasks just the 
right number of objects are placed before the subject. The criteria for 
operational seriation is often stated as the ability of the subject 
to select the smallest of the remaining sticks, without trial and error, 
as the seriation task progresses. But selecting the smallest of a collec­
tion of items could be a non- operational stratgey (searching for an object 
that is at the same time larger than the one that he previously selected 
and smaller than ones to come after) or purely pre-operational or percep­
tual stratgey (searching for the smallest of a collection). There is 
another concept which is always confounded with the concept of seilation 
on traditional seriation tasks; the concept of numerosity. Freeman (1971) 
has previously worked on the connection between the two concepts. It is 
important in reconstruction seriation tasks to know how the subject knows 
she/he has completed the task. If just tha right number of objects are 
present the subject will use them all up. If the subject is given more 
objects than he can possibly use we will be able to determine whether he 
stops performing because ha has constructed the proper number of strips 
or because he ran out of reconstructing space or whatever. By using U 
times the number of strips necessary we also insure that each selection 
from the objects on a table will always involve objects smaller than and 
bigger than the most appropriate selection.
Procedure Sach subject met individually with the experimenter for about 
US minutes during which the 18 tasks were actainistared. I fetched each
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subject from their classroom, asking If they would like to cone play seme 
games. S and the subject walked a short distance down the corridor to a 
low table separated from the corridor by a solid screen. The subject and 
E sat adjacent to one another facing the wall. The lighting was indirect 
from flourescent lights overhead.

There were 9 test trials for the recognition task and 9 test trials 
for the reconstruction task. The 9 recognition test trials were always 
administered first. Recognition and reconstruction tasks were not counter­
balanced for 3 reasons: 1. As mentioned in the introduction it has been
conclusively established that recognition performance is easier than and 
developnantally precedes reconstruction perfomance, all other things being 
equal. Therefore, a demonstration of this effect was not central to the 
present study; 2. In a previous study (Blackstock and King, 1973) order 
of presentation of recognition and reconstruction tasks was shown to have 
no effect upon performance; and 3* Counterbalancing would not have been 
practical given the limitations of time and number of subjects available 
for the present study. Within each task there were 6 different orders in 
which the 9 test trials were adminstered. These 6 orders were determined 
by the number of strips used, the 6 orders being: 4-7-10, 4-10-7, 7-4-10, 
7-10-4, 10-4-7, amd 10-7-4* Within each of these 6 orders of presentation 
the order of presentation of the 3 different shapes was randomly determined. 
For any given child the same order was used for both tasks.

In the recognition test trials tha experimenter selected the appropri­
ate deck from the group of 9, extracted the card containing a correct ser­
iation (card #0), and carefully placed this card on the table in front of 
the child saying: "Look carefully at this card. See how these black strips
on it are all ined up just the right way. (I would then run his finger 
along the top of the strips from left to right). I am going to take this
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card and hida it in this deck hare (picking up the appropriate deck in his 
right hand), and then we'll see how quickly you can find it." X would then 
ask the subject to turn aside and "hide (his/her) yeres" while X hid the 
card in the deck. Making sure that his action was hidden from the subject 
K would place the seriated card in either the 6th or 9th position in the 
deck of 10 cards. Each subject had learned on a prs-test procedure described 
below, and was instructed before each test trial, to turn, with one hand, as 
fast as he could, each card over until he came to the right card, the hidden 
card for which he was searching. Upon discovering the correct card he was 
to clap his hands together to indicate that he had found it. The hand-clap 
signal was not decided upon accidentally. During the numerous pilot studies 
done for this study many methods were tried by which a child could signal 
success, including a verbal sign or a push of a button. However, as often 
as not the child would either look at X or clap his hands in joy before 
answering or pushing. As it was importnat to time the speed of finding as 
accurately as possible it seemed natural to make serendipitous use of the 
natural, joyous, hand-clap.

Having given the instructions and hidden the correct card, X placed 
the appropriate deck directly in front of the subject and covered the deck 
with his left hand. X then said to the subject! "Open your eyes and look 
here on the table. Remember the rules. Turn over the cards one at a time 
w ith one hand and find the card I just showed you as fast as you can. When 
you find the right card remember to clap your hands. Ready, 00!" With the 
command to begin X simultaneously removed his hand from on top of the deck 
of cards and started his stop watch. When S clapped his hands X stopped 
his watch and said: "Good. Now let's play with some different cards." X
recorded the time, the card selected and the position of the card in the 
deck. This procedure was followed for each of the 9 recognition teat trials.
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For tha reconstruction test trials E placed a blank white index card 

the same size as those to which the black strips were pasted for the recog­
nition tasks directly in front of S on the table. Immediately adjacent to 
this blank card was placed a card containing the correct seriation (card 
#0) appropriate to the particular test trial. E would next spread on the 
table, just above S's blank card, U times the number of strips S would need 
to make a perfect copy of the correct seriation. There were 1* each of 
strips of the different sizes represented on the model card. Z would then 
say: "Look carefully at this card (pointing to the card with the correct
seriation). See how these black strips on it are all lined up just the 
right way (E would then run his finger along the tops of the strips from 
left to right). Now you take some of these strips up here (pointing to 
the strips spread on the table), and make your card (pointing to the blank 
one) look just like this one (pointing to the card containing the correct 
seriation)." S was given up to three minutes during which time E said 
nothing and avoided giving S any feedback whatsoever. S had learned during 
the pre-test procedures described below, and was instructed before each tefet 
trial, to clap his hands when he had completed making his card. The hand­
clap signal was crucial here because children trying to solve a reconstruc­
tion type problem taking many steps usually search for feedback from Z 
during the task. As S wanted to discourage this strategy S carefully avoi­
ded even looking as though he were looking at what the child was doing until 
he heard the hand-clap signal. It was easy for E to do this and still care­
fully observe what the child was doing simply by leaning back in his chair 
and looking over S's shoulder. When S looked up E looked away. The child 
was, in effect, working alone. At either the hand-clap signal or at the 
end of 3 minutes S asked S if the card he made was "just like this one 
(pointing to the model card)." Z did this whether or not S had succeeded
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in making a correct seriation. If S said "yes " and was correct he was 
given a score of 1 for that trial. If S gave any other combination of per­
formance and reply S saidi "Can you make your card look more like this one? 
Qo ahead and try.11 If S still failed to make a correct seriation; or then 
changed a correct seriation to a non-seriation, he was given a score of 0 
for that test trial. Quick drawings were made of the subject's configura­
tion if the strips wereinot vertically lined up similar to the model. If 
the strips were lined up E recorded the configuration by noting the number 
of each strip and its location in the configuration. In a correct seriation 
the smallest strip would be labelled I and the largest strip either U> 7 or 
10 according to the number of strips in the seriation. E also wrote comments 
on the type of strategy the child seemed to be using in making his construc­
tion.

When a child had completed both tasks he was given some M&M candies, 
told he had done a very good job, and that he was very smart, and was taken 
back to his classroom.

Before the actual test trials were begun each child went through a 
pre-test procedure to insure that he understood the miles of the game and 
had established the appropriate mental set. For recognition the child first: 
had to find a card with a picture of an animal on it among a deck containing 
9 other animal pictures. The procedure was identical to that described 
above for the recognition test trials. Pbr reconstruction a cut-out picture 
of an animal was cut into k equal strips. He was given a blank card, a 
card with a picture of the animal was placed next to the blank one, and he 
was asked to make his card look just like the model. Only children who 
performed correctly on these pre-test procedures were used as subjects.
All of the children seen passed the recognition pre-test. Six kindegarten 
children and one first grade child failed the reconstruction pre-test and
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were not used as subjects.
Design The overall design of the experiment was a 5 factor analysis of 
variance with repeated measures. The between subject factors were Age 
(U levels* 5-11, 7-2, 8-2, and 9-2), Order (6 levelst l*-7-10, U-10-7, 7-1*- 
10, 7-10-1*, 10—U—7, 10-7-1*). Hie within subject factors were Task (2 
levels! recognition and reconstruction), Number of Strips (3 levels! 1*,7, 
and 10), and Shape of the Tops (3 levels! I, II and III).

He suits and Discussion 
This section will be divided into 1* major sections. lhe first will be 

an analysis of the success scores on all of the test trials. This section 
will demonstrate the main effects and their interactions. The second sec­
tion will report the analysis of the average looking time for each of the 
9 decks of stimulus cards used in the recognition tasks. This independent 
measure of performance is most significant in showing that while there may 
appear to be no difference in performance according to the variables mani­
pulated, a finer measure will reveal those differences. It will also show 
that changes in average looking times anticipates changes in overt perfor­
mance. The third section will report on the analysis of the kinds of errors 
made in both the recognition and reconstruction tasks. The error analysis 
is, of course, most importnat in that it will link qualitative changes to 
quantitative ones demonstrated by the above analyses. Hie l*th section 
will propose a specific model of the development of the concept of seriation 
suggested by the present data as well as the broad theoretical model of 
Pascual-Leone.

Part i! Success/Failure The central dependent variable, or perfomance 
measure, in the present study, was success or failure on the 9 recognition
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and 9 reconstruction tasks. If, on any of the 9 recognition tasks the child 
clapped his hands upon seeing the correct seriation (card #0) he was given 
the score of 1. If he clapped his hands upon seeing any other card he was 
given a score of 0. On the reconstruction tasks the subject was given a 
score of 1 if and only if he lined up the correct number of strips, each of 
a different size, in the correct order. He was given a score of 0 for any 
other performance. Therefore each subject had 9 scores for recognition and 
9 scores for reconstruction - 10 scores in all.

On these scores was performed a 5 factor, repeated measures, analysis 
of variance. Hie specific design used was that incorporated by the Balanova 
program of Herzberg (1973) which is modelled after the analysis found in 
Weiner (1562 ). The between subjects variables were age (1* levels) and 
order (6 levels), while the within subjects variables were task (2 levels: 
recognition and reconstruction), number of strips (3 levels: 1*, 7 and 10), 
and the shape of the tops of the strips (3 levels: see figure 1). The 
analysis of variance revealed a significant effect for age (F ■ 18.38; 
df * 3,66; p<.001), for task (F* 391.09; df * 1,66; p<.00l), for number 
of strips (F ■ 70.58; df ■ 2,132; p^.001), for the interaction between 
number of strips and age (F * 3.0i*; df - 6,132; p<.005), for the inter­
action between task and number of strips (F * 18.25; df * 2,132; p^.001), 
for the interaction between task and shape of tops (F ■ 8.82; df ■ 2,132; 
p^.001), for the interaction between task, number of strips and age (F * 
i*.26; df ■ I*, 261*; p<.025). The effects of all other variables and their 
interaction were not significant. Table 1 gives a summary of the analysis 
of variance.

Table 2 gives a summary of these results by showing the percentage of 
subjects passing the recognition and reconstruction tasks according to 
shape of tops of strips, number of strips, and age. One can see in this



50
table an interesting pattern begin to develop. In the recognition scores 
for the kindegarten children we see that task Ul is passed by a high per­
centage of subjects (80$) while task 10III is passed by a low percentage 
of subjects (23$). The tasks between Ul and 10111 diminish in percentage 
of subjects passing in a complex and uneven way, but the general pattern is 
a diagonal decrease from the upper left cell (Ul) to the lower right cell 
(10111). Now look at the reconstruction scores for the same children.
There is virtually no pattern - a few subjects can handle U strip seriations. 
If reconstruction tasks, per se, are too difficult for children at this 
level cf development then the number of strips or the shape of those strips 
will make no difference in their reconstruction seriation performance. 
Contrast this first pair of blocks of scores with the recognition and recon­
struction scores for the 2nd grade group. Here we see that for the recogni­
tion task the differences between the upper left cell (Ul) and the lower 
light cell (10III) has greatly diminished, there in fact being 5 cells with 
identical percentages in them. Children of this level of development have 
mastered seriation recognition skills to the extent that the stimulus vari­
ables have little effect on success or failure. (Those stimulus variables 
do still effect performance as evidenced by looking times.) On- the recon­
struction task, however, a pattern very similar to the pattern obtained by 
kindegarten children on the recognition task appears. The point is that 
the stimuls variables (number of strips, and shape of tops), have a con­
stant effect on mental processes. If you increase the difficulty of the 
task or the complexity of the decoding processes necessary you increase 
the age at which the pattern of the effects becomes observable. If you 
take a finer measure of performance (looking time) you reduce the age at 
which the effect becomes observable.

Looking at any cell in the blocks of 9 entries in Table 2 one can
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quickly observe the age effect by seeing how the percentage in that cell 

changes with increasing age. For instance, the sequence for i*I recognition 

tasks is 80, 95$ 100 and 100 for kindegarten, 1st, 2nd and 3rd grades 

respectively. Fbr 10III recognition tasks the sequence is 23, 25, 25 and 

60. By comparing cells horizontally one can see the constant and marked 

difference between recognition and reconstruction performance.

To further demonstrate the main effects the mean scores for recogni­

tion and reconstruction tasks were obtained by summing across subject, order, 

number of strips and shape variables and dividing. These means are presen­

ted according to age groups and task in Table 3. This table shows clearly 

that recognition is easier than, and precedes developmentally, reconstruc­

tion ability. This table also shows that increasing age affects both tasks 
in much the same way. Figure 2 shows graphically that the greatest' increa­

ses in ability is between 1st and 2nd grade for both tasks.

These results are consistent with informal observations of seriation 

behavior and are supported by a great deal of previous research. That 

recognition performance is easier than and developmentally precedes recon­

struction performance has been previously postulated (Piaget, 1968; Olson 

and Pagliano, 1968), and empirically verified (Blackstock and King, 1973).

In the present study 9 pairs (recognition - reconstruction) of tasks were 

presented to each of 90 subjects. Of these 810 pairs on only 8 did a 

subject pass the reconstruction task and fail the recognition task. It is 

reasonable to assume that reversals such as this occur in 1 $6 of the cases 

because of the extraneous situational variables such as distractions during 

a specific performance or the unpredictable playing of young children.

A case will be made below that recognition performance must always be 

easier than and developmentally prior to reconstruction performance on any 

stimuli which are identical to both tasks because the processes involved
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in recognition performance are always an integral part of the processes used 

for reconstruction.

That the number of objects in a seriation would affect performance has 

been suggested previously (Piaget, 1961jj fflJcind, 1969,' Siegal, 1972) and 

has been empirically verified for seriations containing either U or 5 ob­

jects (Blackstock and King, 1973). It is not surprising then that a strong 

effect was found for number of strips in the present study. The implications 

of this finding for a model of the development of seriation are great. No 

longer can one hold the position that a child either has the concept of ser 

iation or does not, or chooses to apply it or not apply it independently 

of the task demands and the nature of the stimuli involved in a specific 

situation. Whether or not an operational scheme of seriation is applied 

must certainly be determined by number of objects involved, the shape of the 

tops, the task demands, the overall testing context, and of course, the 

internal environment of the subject at the time of testing.

ftiat the shape of the tops of the strips should influence performance 

was barely suggested by Piaget (196I4) when he discussed the importance of 

the size of the difference between the elements of a seriation. Mean scores 

representing the interaction between age and number of strips is graphically 

represented in figure U. These mean scores were obtained by summing across 

subject, and shape variables. These scores show a greater increase in abil­

ity on 1* strip tasks than on 7 and 10 strip tasks between 1st and 2nd grade. 

To make a finer analysis of this three way interaction effect between task, 

age, and number of strips, the effects for recognition and reconstruction 

were separated. Tfte mean scores for the recognition and reconstruction 

tasks are graphically presented in figure 5* It is clear that in the 

recognition tasks the interaction effect caused by*greater gain between 

the 1st and 2nd grade age groups on U strip tasks is virtually non-existent.
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In fact there ie less of a gain on the h strip tasks than there is on both 

the 7 and 10 strip tasks. When we look at the mean scores for the recon­

struction tasks alone in figure 5 we see that the interaction effect is all 

here. The gain on U strip tasks for children between 1st and 2nd grade 

(Ul points) is greater than the gain between K and 3rd grade on the 7 and 

10 strip tasks (U1 points). Although this interaction is complex and dif­

ficult to interpret its existence does not compromise the main effects.

To examine the interaction between age and the shape of the tops of 

the strips mean scores were obtained by summing across subject, order, task, 

and number of strips variables and dividing. These mean scores are graph­

ically presented in figure 6. Here wo see the marked gain between 1st and 

2nd grade for both shape I and shape II but not for shape III tasks. To 

again make a finer analysis of the interaction effect between age and shape 

I obtained means for recognition and reconstruction separately. These 

means are graphically presented in figure 7. It is clear, especially for 

the reconstruction tasks that the large gain in scores which, for most 

stimuli, occur between 1st grade and 2nd grade occurs later in development 

when shape III stimuli are concerned. Both ceiling and floor effects 

probably contribute greatly to the interaction effect here.

The interaction effect between task and number of strips was examined 

by obtaining mean scores by sunning across subject, age, order, and shape 

variables and dividing. These mean scores are graphically presented in 

figure 8. It is apparent that the difference between recognition and 

reconstruction scores is greater for tasks involving 7 and 10 strips than 

it is for those involving li strips. This result could be interpreted to 

mean that increasing the number of items in a seriation affects the ability 

to reconstruct more than it affects recognition. In other words, the 

diagonal line rising across the tops of 10 seriated strips might be a
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powerful stimulus, in terms of its goodness of form. If a child is using 

a strategy of looking for a straight line across the tops the addition of 

a few more strips is certainly likely to have less of an inhibiting effect 

than it would on a reconstruction task where the addition of more elements 

means that more operations over a longer period of time must be carried out.

Another interesting interaction is that between task and shape. To 

examine this interaction mean scores were obtained by summing across subject, 

age, order, and number of strips variables and dividing. Those means are 

graphically presented in figure 9. On the recognition task there is less 

difference between shapel and shape II (.08 points) than between shape II 

and shape III (.26 points). This is because the difference between shape 

which facilitates the perception of a straight line and the stairlike con­

figuration of shape n  is much less striking than the difference between 

stairs and the jagged line of shape III. It is surprising that the recon­

struction scores do not follow this same pattern.

In summary, we see that performance on both the recognition and recon­

struction tasks improve markedly with age. It is also apparent that the 

greatest improvement in performance on both tasks takes place between the 

age represented by the 1st grade age group (X age * 7-2) and the 2nd grade 

age group (x age ” 8-2). The only exception is for tasks involving shape 

III where the greatest improvement takes place between the 2 oldest age 

groups. Although recognition performance is far above reconstruction per­

formance at all age levels, both types of performance undergo drastic 

improvement at about the same age. It is also clear that increasing the 

number of strips to be seriated had a greater effect on reconstruction per­

formance than it did on recognition performance, a result found earlier by 

Blackstock and King (1973). It was also shown that the number of strips 

involved in any reconstruction seriation task had a greater effect for the
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older subjects than for the younger subjects, probably because the younger 

children made very few reconstructions with more than U strips. Hie shape 

of the tops of the strips was also shown to have a strong effect upon both 

recognition and reconstruction seriation performance. For the younger 

subjects shape did not make a difference on reconstruction performance 

because that performance was virtually nil. For the oldest subjects shape 

had a marked effect on reconstruction performance, shape III being most 

interesting. For the youngest subjects who were most influenced by percep­

tual qualities shape had the strongest effect on recognition performance.

For subjects in the 2 oldest age groups shapes I and II differed little in 

their effect on recognition performance while shape HI still made recogni­

tion more difficult. Finally, there was less difference between recognition 

and reconstruction performance on h strip tasks than there was between them 

on 7 and 10 strip tasks, and the shape-of the tops of the strips had a more 

irregular effect on recognition performance than it did on reconstruction 

performance.

Part II: Looking Time The amount of time a subject looks at any stimulus 

is a performance measure independent of success or failure on any task. A 

subject must look before solving any problen related to any specific stimuli 

and that subject must have a plan or strategy for looking before the act of 

looking takes place. The amount of time a subject looks at any stimulus 

configuration will at any time be co-determined by the pre-looking plan and 

the nature of the stimuli being looked at.

In this study a fairly gross measure of looking time was used. As 

outlined in the methods section, any test trial began when the experimenter 

uncovered the top card of a deck and said "Gk>", and ended when the child 

clapped hi8 hands as a signal that he had completed the task. The time was
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measured in seconds, from the word "go" to the hand clap of the subject.

To arrive at an average looking time for any card in any deck that overall 

time was divided by the number of cards looked at. This procedure resulted 

in a looking time score for each of the 9 recognition task conditions. Each 

subject therefore had 9 separate looking time scores.

A b factor, repeated measures, analysis of variance was performed on 
these looking time scores. The specific design used was thefincorporated 

in the Balanova program of Herzberg (1973)* The between subjects variables 

were age (li levels) and order (6 levels) while the within subject variables 

were number of strips (3 levels* U, 7, and 10) and the shape of the tops of 

the strips (3 levels: see figure 1). The analysis of variance revealed a 

significant effect for age (F * 10.31; df * 3,66; p<.00l), for number of 

strips (F - 75.65; df * 2.132; p^.001), for the 3hape of the tops of the 

strips (F “ 3*67; d# ” 6,132; P<.001), and for the interaction between the 

number of strips and the shape of their tops (F * 2.76; df * i*,26U; p^.0$). 

The effects for all other variables and their interactions were not signi­

ficant.

A summary of this analysis of variance of looking time appears in Table 

5. It is most interesting that the results of this independent measure of 

performance are identical to those obtained on the success/failure analysis. 

Means of the average looking time scores wears obtained by summing over 

subject and order variables and dividing. These means appear in Table 6 

arranged according to ago, shape and number of strips. If any one cell in 

the blocks of nine cell3 i*epresenting 3Jhapes X 3 numbers of objects is 

compared across the la age groups it will be seen that the mean looking time 

decreases steadily. For instance for task condition ill the sequence in 

order of age groups from youngest to oldest is 1.66, 1.30, 1.08, and .996. 

This pattern holds for every task condition except for 10III which has the
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sequence of 2.62, 2.66, 2.U7, and 1.76. In other words, with one minor 

exception increasing age consistently reduced the looking time for any par­

ticular stimulus configuration. The mean looking times are presented in 

Table 6.

To show the interaction between age and the number of strips used in 

a configuration, mean looking times were computed by summing across subject, 

order and shape variables and dividing. These mean ■'looking times are pre­

sented in Table 7 according to age and number of strips. Looking across 

any row you will see that the mean looking time for any of the 3 different 

number of strips consistently decreases with increasing age. Looking 

down any column you will see that looking time consistently increases as a 

function of increasing the number of strips. Hie interaction between these 

2 variables is graphically presented in Plgure 10. While the looking time 

in U and 7 strip tasks drecreases regularly as age increases there is no 

difference in looking time on the 10 strip tasks for children in the 1st 

and 2nd grade age groups.

A similar result occurs when we consider the interaction between age 

and the shape of the tops of the strips. To obtain the mean scores involved 

in this interaction scores were summed across subject, order and number of 

strips variables and divided. These mean scores are presented in Table 8 

according to age and shape. Looking down each column you will see that as 

shape changes from I to III the looking time increases. There is no excep­

tion. However, looking across each row you will see that increasing age 

means decreasing looking time in every case except for shape III between the 

1st and 2nd grade age groups. The exception to the pattern occurs in the 

same place as it did with the number of strips: the most difficult of the 3 

conditions between the 1st and 2nd grade age groups. The interaction between 

age and sgape is graphically presented in figure 11. Compare figures 10
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In surmary, it is clear that age, the number of strips involved in 

any configuration and the shape of the tops of those strips affect perfor­

mance measured in terms of average looking time, on a seriation recognition 

task. While average looking time for any particular task decreases sharply 

and consistently with age, it still varies according to shape and number 

in pretty much the same way and to the same extent regardless of level of 

development. While looking time decreases regularly across the k ages for 

tasks involving it and 7 strips of shapes I or II, there seems to be a con­
sistent irregularity on tasks involving either 10 strips or strips of shape 

III (the most difficult tasks) between the 1st and 2nd grade age groups.

Part III: Error Analysis Although success or failure on the recognition

and reconstruction tasks was the main dependent variable of this study, the 

analysis of the kinds of errors made by the subjects may be mast significant 

for finding out something specific about the kinds of mental processes and 

information processing strategies involved in seriation performance.

There are several kinds of errors that can be made in recognition and 

reconstruction seriation performance. Of course, the kind of errors that 

it is possible to make on a recognition task is more controlled by the 

design of the experiment than is the kind of reconstruction errors possible. 

The only configuration that can be mistakenly recognized as seriation are 

those configurations presented by the experimenter. Non-seriations, or 

alternative configurations have been constructed as carefully as possible 

to reveal underlying perceptual strategies. However, even their design 

limits the kinds of strategies than can be uncovered. These stimuli were 

designed to be most sensitive to differences in serial scanning strategies 

and are less sensitive to parallel or global strategies and changes in those
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strategies. On reconstruction seriation tasks there are 2 broad categories 

of possible errors. Some errors that are made have minimal implications 

for the underlying concept of seriation. Fbr instance, failure to line up 

the bottom of the strips horizontally or failure to use the proper number 

of strips. The second broad category of reconstruction errors are those 

errors which have a direct bearing on the concept of seriation. I have 

identified 3 kinds of errors which seem to be most interesting. The first 

is the inversion (i) kind of error in which the subject places a smaller 

strip to the right of a previously placed strip, rather than a larger one.

In other words, the model indicates that the seriation goes A<B<C etc., and 

the subject places AfC*B. The relationship C>B is therefore an inverson of

the proper order B4C. A second type of error is a skipping (§) error in

which a subject places a strip next to one already placed which has a bigger

difference than the difference between the proceeding pair. In other words,

where the model indicates that the proper seriation is ACB<C etc., the sub­

ject produces A<B<D etc.. The relationship B<D is therefore an error of 

skipping an element. The third type of error is the repeating (r) error in 

which the subject places a strip to the right of one already placed which 

is the same size as that strup. In other words, where the model indicates 

A<B<C etc., as the proper seriation, the subject produces A<B*B"B. The 

relationship B*B”B is an error of repeating elements of the same size. 

Drawings of examples of these three different kinds of reconstruction errors 

appear in figure 12. I have given an example of the 3 types of errors in 
each of the three lifferent shapes to show how different the effect of the 

same error can be on different shapes. Another kind of consideration which 

will be im port ant for our purposes here is the location in the configura­

tion where the error takes place. This will be more significant for recog­

nition tasks than for reconstruction tasks.
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The rest of the reconstruction errors dealt with here are those falling 

into one of the three categories already described: inversion, repetition, 

and skipping. Of all the errors made the number of pairs of strips was 

calculated. For example, if a subject made a configuration containing 7 

strips he constructed 6 pairs of strips. Some of these pairs would be 

correct pairs: if a child made the pair 2-3 that would be correct. If a 

child made a pair 2-k, 3-3, h-2, that world be incorrect, ill the recon­

struction errors made were carefully tabulated and are presented in the 

appendix. Also calculated was the percentage of errors each type of error 

(inversion, repetition, or skipping) is responsible for in each task condi­

tion.

Part IV: The proposed model A model of the step by step development of

the concept of seriation, as well as step by step descriptions of seriation 

performance at each level of development, which was suggested by all the 

accumulated data on seriation will be outlined below. The strongest theo­

retical influence on the model constructed below is the neopiagetian theory 

of Pascual-Leone (1969, 1972, 197U).

The terms of the model and a theoretical description For a child of any 

age, what features of the seriated configuartion (Se) will be encoded, or 

■jetored, in STM will be determined cojointly by the processes available to 

that child and the availability of the features in the seriated configura­

tion (Se). The youngest children in the present study, kindegarten children, 

are at the developmental level at which they can construct the parallel line 

feature (se^) and the horizontal line feature (se )̂ but are just beginning 

to be able to construct and store the diagonal line feature (ao^). Children 

at this stage of development are able to contract the diagonal line feature 

(se )̂ if the seriated configuration (Se) construction contains few items
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and the shape of the tops of the strips activates the appropriate F meta- 
construct.which can then boost application of the diagonal line feature 
(se-j). If the diagonal line feature (se^) is boosted anibecomes an integral 
part of the child's seriated configuration (Set ) (the parallel line feature 
(aej) + the horizontal line feature (sej ♦ the diagonal line feature (se^))t 
then only stimulus cards satisfying all three conditions will be recognized 
as seriations. The probability that the diagonal line feature (se^) will 
be boosted decreases as the number of items in a configuration increases 
and as the shape of the tops shifts from shape I to shapes II and III. As 
the probability of the diagonal line feature (se^) being boosted decreases 
the probability of a test stimulus satisfying only the parallel line feature 
(se.) ) and the horizontal line feature (ae^) being recognized as seriation 
increases and as all stimulus cards satisfy those conditions the cards con­
fused with seriation are randomly confused. We see in the results that most 
kindegarten children can construct the diagonal line feature (se-j) when 
there are h strips of shape I in seriated configuration (Se) but that very 
few can construct the diagonal line feature (sê ) when there are 10 strips 
of shape III in seriated configuration (Se). We also see that kindsgarten 
children look at U strip configurations of shape I for a much shorter time 
than they look at 10 III configurations. This difference is much greater 
than the difference an extra eye movement (200 msec.) or two would take.
The child is probably spending more time trying to construct and store, 
or encode, the diagonal line feature (sê ). The error analysis does show 
that errors made on the recognition tasks by kindegarten children are 
pretty much random.

First grade children^ do better on recognition tasks than do kindegarten 
children, but met too much. The most dramatic change from the perfontance 
of kindegarten children is that configurations with inversions towards the
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center (see figure 16), especially for Ul configurations. This is probably 
true because the child's mental space has expanded sufficiently to allow 
the first application c! the seriated pairs feature (sê ). If the seriated 
pairs feature (sê ) is sinply the construction by the child of the relation­
ship KB, and A represents the line of the far left and B represents the 
line on the far right of any configuration then all non-seriations in the 
present study satisfy that feature. However, if the child's ability to 
construct the seriated pairs feature (se^) develops to the extent that it 
represents the relationship A < B ^ C  then only the U strip configurations 
with inversions at the end positions satisfy the conditions of that feature.
A factor about the development of the ability to construct the features 
ssi ... aeu needs some further elaboration here. As the child's H space 
increase so is the number of features he is able to hold simultaneously in 
SIM increasing. However, the simultaneous holding of several features 
applies only to recognition performance. A child may "play" with any feature 
individually in the process of developing the ability to construct that fea­
ture. The feature only becomes relevant to seriation performance when it is 
applied in conjunction with other seriation features. There is a point in 
development, after a child has developed the parallel line feature (ae^) 
and the horizontal line feature (se.), and can apply them together, that 
the child develops the diagonal line feature (se^) and begins to develop 
the seriated pairs feature (se^). If the child's mental space has developed 
only to the point at which he can apply or construct 3 seriated configura­
tions . (se) features then on any problem he may first apply the diagonal line 
feature (se^) and then the seriated pairs feature (aê ), but never both 
together. It is at this point of development that the first frade children 
in the present study are. On a U strip task 1st grade children are able to 
apply the parallel line feature (sej), the horizontal line feature (asp) and
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perhaps tbs ssrlatsd pairs feature (se )̂. On the more difficult recognition 
tasks 1st grade children seen to revert to the use of the diagonal line 
feature (sê ).

The relationship between recognition and reconstruction performance, 
revisited: Before turning to a discussion of how the younger children
perform on reconstruction tasks it would be relevant here to discuss the 
relationship between recognition and reconstruction as far as that relation­
ship is relevant to the model being suggested, first, Olson's (1970) con­
ceptualisation of the recognition act is consistent with the present models

... The act of recognition, judging a new event to be 
equivalent to some earlier event or model, does not 
involve re-cognising or re-generating the entire ori­
ginal event - as an image theory may imply - but, 
rather, the choosing from seme sot of alternatives 
an event which may, for some purpose, be considered 
equivalent. This choice would presumably be based 
on some cues or features that had been selected or 
attended in the original event and not a copy of the 
total original event.

The central question then becomes whether or not the act of selecting 
relevant features to encode is the same for recognition and reconstruction. 
Maccoby and Bee (1965) note that "more features are required for reconstruc­
tion than for recognition." In his study cf the development of the concept 
of diagonality Olson (1970) concludes that "the difference between 'per­
ceiving* or recognizing the diagonal and performing or copying it is that 
different perceptual information is involved in the two cases... Perfoxma- 
tory activity...requires perceptual information for the guidance of each 
component of the act...". The present model is consistent with Olson's 
fonmlation and provides something of a formalisation thereof. I feel that 
the features, per se, are the same for recognition and reconstruction but 
that in reconstruction tasks to each feature is added a reconstruction
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operator which is necessary to decode the features into the perfomatory 
act. If certain features such as vertical!ty are easier to construct, in 
the sense of constructing a perception, than are features such as diagonal- 
ity because the hunan nervous system is biased towards those orientations, 
then it is probably true that the reconstruction operator rn-|, associated 
with the parallel line feature (ae^) begins to become elaborated or devel­
oped shortly after the ability to perceptually construct the feature dees. 
TO go further, it is probably the interaction between the construction of 
the parallel line feature (sej) and the horisontal line feature (se )̂ and 
the reconstruction operators rn1 and rn^ that give rise to the construction 
of the diagonal line feature (se^).

In summary, while recognition performance is always easier than and 
developmentally precedes reconstruction performance where a single feature 
is Involved, the interaction of the two modem across 2 or more features is 
precisely what gives rise to the development of new features.

Bsconstraction performance in younger children: Let us turn now to
reconstruction performance in the first two age groups. Just as the child
brings a basic recognition strategy (steps 1 through 1* above) to any recog­
nition task so does the child bring a similar reconstruction strategy to 
any reconstruction task. The difference is that within the reconstruction 
strategies exist elements, all the elements contained in the recognition 
strategies, plus the specific reconstruction operator (fin). For any seri­
ated configuration (Se) the child must construct his own seriated config- 
uartion (Se) and econde it in SIM, perform reconstruction operations fti 
(rn̂  ... rnn) and (Se) (sê  ... se^) in order to construct the seriated 
configuration (SOg). When a seriated configuration (Sag) has been construc­
ted the processes are the sane as the end processes for recognition. As we
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llel line feature (ae^) ♦ the horizontal line feature (ae^) ♦ the diagonal 
line feature (sê ) in SW. If they hold those features in nenory they will 
be unable to attempt any reconstruction whatever because there is no mors 
mental space available in which to activate and apply the reconstruction 
operator. If the subject goes ahead and does apply the reconstruction oper­
ator he will lose the seriated configuration (Se), or features of that ser­
iated configuration (Se), he had previosuly constructed and stored and will 
make a reconstruction without a diagonal (a non-seriated configur­
ation (Se) ), without the bottoms lined up and/or without any maintenance 
of verticality. In the present study it was common for a kindegarten child 
to study the model of seriation carefully and then look at the pile of 
strips and the blank card. The child would then begin to touch the strips, 
look qucikly back to the model, and never really commence reconstruction.
The child seemed to be holding on to the stored configuration. A second 
common observation was that kindegarten children would look at the model, 
look at the loose strips and the blank card, look back at the model, hesitate, 
and then plunge into the making of a reconstruction which had nothing in 
common with the model. This child had opted to attempt reconstruction but 
by making that decision, the decision really being the application of a 
reconstruction operator, had lost the encoded seriated configuration (Se). 
When kindegarten children did attempt to reconstruct and did line the 
strips up vertically (a rather rare o ceurrence) they made the error of 
ignoring the horizontal line across the bottom of the strips and ignored the 
diagonal line across the tops. Looking again at figure 17 we see that i 
type errors, errors which most violently break up the diagonal line across 
the tops, are made almost exclusively by subjects in the kindegarten age 
group and disappear completely is 2nd mid 3rd graders. Ibis result is
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consistently obtained even though the model sf seriation is present through­
out the reconstruction task! What we cannot find out from the results ef 
the present study is the nature ef the reconstruction operators of kinder­
garten children who seen to nake randan reconstructions haring no seriated 
configuration (se) factors. Perhaps they are using as a parallel line 
feature (Se^) a configuration constructed fro* elenents in long tern neaory 
(LTM) as a model, or perhaps no configuration at all, performing truly 
serial behavior. Only when a child attenpts a reconstruction and is partial­
ly or caupletely successful can we find out something about the strategies 
he is using.

At this point the reconstruction operator Rn must be described in 
greater detail. Rn is composed of components raj ... m n . The component 
raj is analogous to the feature constructor which constructs the parallel 
line feature (se^). and is applied in conjunction with it.. For example, 
if only the feature constructor which constructs the parallel line feature 
(ae-|) and the reconstruction operator rn̂  were activated in a performance 
sequence the resultant seriated configuration Se^ would be a nur.ber of slats 
lined up vertically with the bottom horizontal and top diagonal line disre­
garded. Whether or not the child picks up and transposes the strips one 
by one or picks than up in a bunch to transport is not significant. Pre­
vious studies which have focused on the action have been misleading. Die 
important thing cannot be how the child gets the strips on to the card, but 
what he does with them once they are there, ibllowing from the first example, 
if a child uses reconstruction components riij ♦ he will mafe a seriated 
configuration (3e_) with vertical strips with the bottoms linsd up horizon­
tally and the diagonal across the tops disregarded, and so on far ra^ and

2 V
We have seen above that 1st grade children are Just able to begin con-
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structing the feature, the seriated pairs feature (aê ) and applying it to 
recognition taake. At this point in development something begins to happen 
which illustrates the essence of the model of development I am presenting. 
There must cone a time in the development of any child at which, for any 
given concept which is performed on any kind of objects, he hat enough 
mental space, or a large enough field of activation, in which to construct 
a configuration with all the relevant dimensions (in the seriation case,
Se (sê  ... se^)) arid have soma space left over to do something else. This 
is the point at which quantitaive and qualitative development interact.
Only when a child ha$ undergone enough quantitative development, i.e., expan­
sion of mental space, which allows for the construction of a complete config­
uration plus some extra space, can ha begin to operate, in a qualitatively 
different and novel way, on that configuration. When children in the 1st 
grade age group can easily construct a configuration, seriated configuration 
(Se), then they can begin to apply a reconstruction operator. Operational 
reconstruction performance starts only when all the constructive components 
rni ... rnjt can be activated to some extent. The first real step of opera­
tional seriation reconstruction would be the construction of a pair of 
strips. Again, this pair may be transported to the blank card one at a time, 
together or as a bunch. The method of transportation is irrelevant. What 
is relevant to operational seriation is the first time a pair of strips 
is isolated from the global seriated configuration (Se). It is unfortunate 
that so much attention had been previosuly given to the notion that the 
proper operational definition of seriation was the selection of the smallest 
item, and so on until all the items were properly used up. This method of 
transportation may be the most convenient for subjects who possess a fully 
operational concept of seriation but has nothing to do with the beginnings 
of the development of that concept. When it is said that the child selects
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the shortest one first it must already be assumed that the child has the 

concept of seriation and realises that the configuration is composed of many 

strips of different heights which will need to be lined up. This is a major 

problem with existing information processing accounts of seriation perfor­

mance. Indeed, in one account, the first step in performance is the activa­

tion of a seriation routine (Yovng, 1973).

So the first distinction a child makes in understanding length or 
height is that there are 2 different lengths or heights. This is Piaget's 
rule of couples (Cellerier, 1972). This is reflected in the results Piaget 
(1968) obtained in drawing of seriation where subjects, reproducing a ser­
iation of 10 sticks, drew sticks of only 2 heights, small and large, or 
several pairs of sticks of 2 heights. In the present study 1st grade chil­
dren constructed configurations of pairs of strips. They produced config­

urations containing the proper number of strips because they had already 
developed the concept of simple numeration (see XLkind, 1969) but organised 
the elements of the configuration only according to the relationship between 
any 2 elements. The first step of making a pair is, of course, the simple 
arbitrary relation A + B, where a common dimension between the 2 elements 
is not constructed. The first step in seriation must be the construction 
of the pair A^B, where all strips fit into either one category or the 
other. For 1st grades the construction of the concept A ^ B  is reflected in 
the encoded seriated configuration (Se) as the seriated pairs feature (se^). 
where the seriated pairs feature (sê ) is perception that the vertical line 
at the left of the seriated configuration (Se) “ A and the vertical line 
on the far right of the seriated configuration (Se) a B. These children 
begin reconstruction by first isolating a pair, testing that pair against 
seriated configuration (Sê  ) and then making a second pair which is indepen­
dent of the first. The child will continue to contract independent pairs
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until ha ha* made a configuration with tha propar number of strips. If any 
pair is not A«CB, such as A^B or A M B, tha child may change it or leave 
it tha way it is. One might ask why tha child would not immediately change 
an incorrect pair. If a child is approaching the problem without an opera­
tional notion of a whole composed of many different parts, but only a global 
notion of trying to reconstruct a global seriation composed of the parallel 
line feature (se^) ... the seriated pairs feature (sê ) where the seriated 
pairs feature (sê ) is only A<^B then the failure of a first or second pair 
to meet the A^B criteria does not necessarily mean that tha completed con­
struction will not. Out of 215 non-seriated reconstructions made there are 
only 3 in which the relationship A>B exists between their first and last 
elements. It is interesting, however, that 1st grade children made the i 
type of error significantly less than s and r type errors. If a child has 
just acquired the feature A<B then a sequence 1 -2-1:-5 would violate that 
feature at no location and in no way. That the 1st grade children do make 
as many a type errors as they do r errors suggests that the first feature 
may be A * B rather than A<B. That is, the notion that a pair involved in 
seriation A can either equal B or be smaller than B. A small developmental 
progression would be the separation of the feature A * B into 2 distinct 
features: A<B and A ** B.

De Boysson-Bardies and O'Sagan (1973) point out that the simple feature 
A<B, idlers there are no heights other than A and B for the child, may even 
be operating in simple transitivity problems involving 3 or k items and it 
is probably true for mall seriations also. If there are 1* items A, B, C 
and 0 with the relationship A<B<C<D, then B could be paired with A by 
simple conditioning and C with D in the same manner. In other words, if 
each of the elements ABDD were a different color, as they are in most trans­
itivity studies and the seriation studies of Voyat (1972), then the ohild
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can learn that the color of B goes with the color of A, and C with D, the 
arbitrary relationship A ♦ B, and performance on tasks studying transiti­
vity or U item seriatioris are simply tapping the A ♦ B feature. Because the 
strips In the present study were all identical except for height that pro­
blem does not apply to us directly. The problem it does touch on is bow to 
know what kind of performance represents a change in psychological structure 
from a 2 item relation A <B to a 3 item relation, or triple, A<B<C. The 
children in the first grade age group have developed to the point at which 
they are able to construct the parallel line feature (sOj) + the horizontal 
line feature (se^) ♦ the diagonal line feature (sa^) quite easily and are 
just developing the seriated pairs feature (se^) into A<B and them A<B<C 
relationships. These features are available to the recognition operator. 
However, 1st grad children are not yet able to, (do not have enough space 
left over), to apply these structures with a reconstruction operator. If 
the reconstruction operator is applied then only ths most rudimentary form 
of the seriated pairs feature (sê ) (A ♦ B) can be applied. This is clear 
from the fact that 1st graders are only somewhat successful on tasks invol­
ving Ul stimuli barely successful with Ull, UlII and 71 stimuli
(30, 20 and “\5% respectively), and completely unsuccessful on all other 
reconstruction tasks (see Table 2).

aacognitlon and reconstruction performance in older childreni Something 
quite dramatic occurs between 1st grade performance and 2nd grade perfor­
mance. Oh recognition tasks performance improves to near perfection except 
on tasks involving shape III. On the reconstruction tasks the percentage 
of subjects passing every task mors than doubles. As the child began to 
be able to construct the seriated pairs feature (sê ) into A^B<CC and to 
be able to combine the seriated pairs feature (se^) with the diagonal line
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feature (ae^). and use them simultaneously, recognition performance improved 
dramatically. What it means for reconstruction performance is that the fea­
ture, the seriated pairs feature (sê ) can, for the first time, be used by 
the reconstruction operator. This means that after the first pair (A<B) 
of the seriated configuration (Se) has been reconstructed a third item C 
or a second pair (B<C) can be reconstructed and that the 2 pairs can be 
coordinated into a unitary feature A<B<C. This step virtually guarantees 
success on tasks involving 1* strips. Performance on tasks involving shape
I are facilitated because the child can also check the parallel line fea­
ture (se1) against the horisontal line feature (sag) making full use of the 
diagonal line feature (sê ). However, 2nd graders can coordinate the dia­
gonal line feature (se^) with the seriated pair feature (sê ) only on tasks 
involving stimuli which facilitate the activation of F metaconstruct which 
boosts the application of the relevant features. Therefore, when on sluqpe
II tasks involving more than U strips the child guides reconstruction by 
the seriated pairs feature (se^) alone, without the simultaneous use of 
the diagonal line feature (gê ), s type errors can be easily made. The 
problem is even more complicated on shape III tasks because the right side 
of the top of a strip forms an A<B relationship with the left side of the 
top of a second strip whether it is, in fact, larger than or equal to the 
first strip. This makes the application of the seriated pairs feature 
(se^) and the diagonal line feature (sê ) to any configuration of shape III 
of mere than U strips difficult.

Children in the 3rd grade age group do not do much better on either 
recognition or reconstruction than 2nd grade children. There is a slight 
advance on the mere difficult reconstruction tasks. The construction of the 
feature, the seriated pairs feature (aê ) is as far as 3rd graders go. As 
the child grows and his mental space increases so do the kinds of tasks and
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the kinds of stimuli to which the seriated pairs feature (sê ) can be 
applied Increase.

A central idea that must be here reiterated is that while any parti­
cular strategy for abstracting information from physical objects is develop- 
ing, perfromance based on that atratgey steadily increases as a function of 
practice and of increasing mental space. When a strategy improves to a 
point at which it is operating at an optimum level, and there has developed 
■ore mental space than is required for that optimal operation, then new 
strategies will be tried out. These new strategies will be unsuccessful 
at first and their application will be limited to situations in which exter­
nal factors will facilitate their operation. They will develop with prac­
tice and with expansion of mental space. That a model of this kind is 
operating is suggested by the error analysis. The errors of the youngest 
children attempting any specific task are random, suggesting that no regu­
lar strategy is being applied to the task. Slightly older children who 
still fail seem to do so in a regular way making the same types of errors 
consistently and then slightly odler children achieve success.

In conclusion, the present study had conclusively shown that the 
physical properties of the stimuli used in any seriation task influence 
performance on some level at all stages of development and often determine 
the kind ef operations which a subject can bring to bear upon the task. An 
exploratory model of how the concept of seriation develops which is consis­
tent with all of the accumulated data on seriation has been presented. Much 
conceptual work and much theoretical work needs to be done. Many experiments 
need to be carried out. It is hoped that this study has made a contribution 
to the beginnings of a new way of conceptualising development.
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Table 3

Mean scores on all tasks according to age and task condition, 
for all subjects, N = 90

age groups

task K (N=30) 1st (N=20) 2nd (N=20) 3rd (N=20)

recognition .62 .66 .85 .86

reconstruction .04 .11 .37 .45

combined .33 .39 .61 .66
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Table _4

Mean scores according to task, shape and no. of objects, 

for all subjects, N ** 90.

RZOOGNTTTCN

no,
ob.is. I

shape

II III

I* .93 .87 .67

7 .90 .78 .61
10 .85 .76 .38

RECO INSTRUCTION

no.
objs. I

shape

II III

k .57 .1-6 .35
1

r—CVi• .18 .08
10 • ro o .06 .01

POTH TASKS CO’

no.
cb j s. shape

K I II III
k .75 .66 .51
n .59 M •2k

10 >52 J;1 ,20



Table 5 78

Summary of analysis of variance of looking times on the 
recognition task for all subjects (N = 90).

C)nrca of Variation__________S.S._________d.f. H.o. F  ___

Between Subjects

A (ago: k Hovels) 7k.75 3 21;.92 10.31 p<£.001
B (ordor: 6 levels) I;.00 5 *80 -33 n.s.
M B  21.21 15 1 -̂ 1 *59 n.s
Subjocts within (A,B)

Within Subjects

C (no. objs. : 3 levels) 32.09 2 16.01; 75-65 p <  .001
CXA 3-12 6 .52 2.1;5 p < . 0 5
CXB 1.15 10 -12 -55 n.i
CXAXB 3-87 30 .13 .61 n.;
C X cubjs. within (A,B)

D (shape: 3 lovols) 50.51 2 25.26 52.82 p<.001
DXA 10.52 6 1 .75 3.67 p C .  ooi
DXB 5.90 10 .59 1 .23 n.
BXAXP 10.26 30 .31; .72 n.s.
D X subjs. within (A,B)

CXi) 2.31 k .56 2.70 p < . 0 5
CXbXA 3.51; 12 .2? 1.1.2 n.s.
CXDXB 5.63 20 . 28 1 .36 n.s.
CXDXAX3 9.79 60 .16 .79 n.:
CXI) X subjs. vathin (A,B)

71;. 75 3 21;. 92 10.31
1;. 00 5 .00 .33
21 .21 15 1 .1.1 .59
159.U9 66 2.U2

32.09 2 16.01; 75.65
3.12 6 .52 2.11.5
1.15 10 .12 .5k
3.87 30 .13 .6)
28.00 132 .21

50.51 2 25.26 52.82
10.52 6 1 .75 3.67
5.90 10 .59 1.23
10.26 30 .31 .72
63.12 132 • 1;8

2.31 k .56 2.70
3.51; 12 .2? 1.1?
5.63 20 .28 1.36
9.79 60 .16 .79

5U.81 261; .21
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Table 6

Average looking time, in seconds, for each card according to 
the 3 different shapes and the 3 different numbers of stimuli 

used and compared across the 4 age groups

Kindergarten , Subjs ., N=30 1st grade subjs., N=20

SHAPE SHAPE
I II III TOTAL I II III TOTAL

4 1.66 1.92 2.47 2.02 4 1.39 1.76 1.84 1.67
no. 7 
objs. — 1.71 2.15 2.10 1.99 no. 7 

objs. — 1.61 1.83 2.09 1.84

10 1.94 2.37 2.62 2.31 10 1.88 2.02 2.66 2.19

Total 1.77 2.15 2.40 2.11 Total 1.63 1.87 2.20 1.90

2nd grade subjs., N=20 3rd grade subjs., N=20

SHAPE SHAPE
I II III TOTAL I II III TOTAL

4 1.08 1.33 1.40 1.27 4 .996 1.18 1.27 1.15
no. 7 
objs. — 1.44 1.57 1.94 1.65 no. 

objs. — 1.22 1.35 1.42 1.33

10 1.57 1.90 2.47 1.98 10 1.33 1.56 1.76 1.55

Total 1.36 1.60 1.94 1.63 Total 1.18 1.36 1.48 1.34
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Table 7

Mean times according to age and no. of 
objects for all subjects, N=90.

no.
objs.

4

7

10

K(N=30)
age group 

lst(N=20) 2nd(N=20) 3rd(N=20)

2.12 1.67

2.20 1.89

2.52 2.15

1.40 1.20

1.70 1.42

2.14 1.59
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Table 8

Mean times according to age and shape 
of strips for all subjects,

N=90.

age group

shape K(N=30) lst(N=20) 2nd(N=20) 3rd(N=20)

I 1.85 1.69 1.37 1.23
II 2.21 1.96 1.64 1.37

III 2.79 2.05 2.23 1.60



Table 9

Frequency of errors made using the correct number of 
strips compared to the frequency of errors made using 
the incorrect number of strips on the reconstruction 
tasks, according to age. Older children made more 
errors because they attempted more reconstruction - 
they also made many more correct reconstructions than 
did the younger subjects.

age group

K 1st 2nd 3rd

errors with correct no. 36 50 55 55

errors with incorrect no. 0 3 13 7
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Figure 12

Drawings ci? the kinds of errors made or 
reconstruction seriation tasks which 
have the most direct bearing on the 
underlying processes involved
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Figure 13

Frequency of errors on recognition tasks according to 
age and the location of the inverted pair of strips in 
a non-seriated configuration. £ach drawing represents 
all shapes for that 'number of strips.
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FIGURE 16

PATTERNS OF £ TYPE ERROR5 ACCORDING TO 
AGE AND SHAPE AND NUMB!I OF STRIPS
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Mean scores according to age group and no. of 
objects for all subjects, N«90

age group

no. 
objs.

K(N-30) lst(N-20) 2nd(N=20) 3rd (N=:

4 .41 .52 .81 .83

7 .34 .35 .54 .65

10 .24 .29 .48 .49
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Mean scores on recognition tasks according to 
age and number of objects for all subjects

N*90

age group

no.
objs. K(N=30) lst(N=20) 2nd(N=20)
4 .69 .76 .88
7/ .69 .64 .85

10 .49 .59 .82

3rd(N=20)
.94

.89

.76



Moan scores on reconstruction tasks 
according to ago and no. of objects

103

ago groups
no.
objSo K 1 st 2nd 3rd

h .12 .29 .73 .71

7 .00 .05 o2h .hi

10 .00 co• ,1U .22

>



Hoars scores according to ago froup and shapo of tops of slats

10U

o-jxurs- ■ - _ T

<V̂ *• VsQ K 1 ct 2nd 3rd

I .1:2 .52 CO .75

J.T .:ii .38 .67 .70

JTI • 2h .26 .38 .51



Kean scorers on recognition tasks 
accordion to age and shape

10$

a re  p ro 1 ion

she no k 1 st 2nd 3rd

I .79 .87 .99 .92

IJ .6$ .67 • VO CD .93

III .h3 .U5 .57 .75



Mean scores on reconstruction tasks 
according to age and slnpo of tops

106

1^0 n*OUTV-‘
share *K 1 st 2nd 3rd

I .95 .18 .57 .59

IT .02 .09 .35 J-8

ITT .0!; .08 .10 .28



Moan scores according to task and no* of objects

task

recognition
reconstruction

no, of objects 

k 7 10

.82 .77 067

.1*6 .18 .09



Mean scores according to task and shape of tops

108

shape

task I II III

roco^nition .8? .81 .55

reconstruction .35 .?3 .15
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Patterns of errors on recognition tacks according to aga and 
location of the inversion in non-seriated configurationso

no. of
obiPCt3

cards mistaken 
as sorintions K

^  , 
1 st

groups

2nd 3rd

h 1 & 3 9-10 6-7 h-3 1-2

h
*

2 9 1 0 0

7 1 & 6 15 10 6 5

7 2 & 5 5 5 1 1

7 3 & U 8 5 2 0

10 1 & 9 15 8 5 t
10 2 h 8 12 6 2 3
10 3 & 7 5 2 0 0
10 U & 6 11 6 1 3
10 5 3 3 2 1
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Errors made by kindergarten children on all recognition tasks

Card
Number 41 71 101 411 711 1011 411T 7111 10III Total

1. 1 1 0 6 4 3 2 2 0 19

2. 3 1 3 2 1 2 4 2 5 23

3. 1_ 0 0 0 0 0 8 3 1 14

4. 2 0 1 2 2 4 11

5. 0 1 1 1 0 1 4

6. 1 1 2 3 5 1 13

7. ? 0 2 4

8. 0 1 1 2

9. 1 3 8 12

Total 6 5 8 8 9 15 14 14 23



Errors made by 1st grade children on all recognition tasks

Task Condition

Card
Number 41 71 101 411 711 1011 4111 711T 10III Total

1. 0 1 0 2 2 0 4 1 1 11

2. 0 1 0 1 1 1 0 1 1 6

3. 1 0 0 1 0 0 S 1 0 8

4. 1 1 ? 0 1 0 5

5. 0 1 0 1 2 1 5

6. 0 0 3 0 3 5 11

7. 0 0 2 9L.

8. 0 4 0 4

9. 1 1 5 7

Total 1 3 3 4 8 7 9 9 15
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Errors made by 2nd grade children on all recognition tasks

Task Condition

Card
Number 41 71 101 411 711 1011 4111 7111 10III

1. 0 0 0 0 1 0 4 2 1

2. 0 0 0 0 0 0 0 0 1

3. 0 0 0 0 0 0 3 7 0

4. 0 0 0 0 0 1

5. 0 0 0 0 l 2

6. 0 0 0 0 3 0

7. 0 0 0

8. 0 0 1

9. _ — 0 — — 0 — — 4

Total 0 0 0 0 1 0 7 8 10

Total

8

1
5

1
3

3 

0 
1
4
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Errors made by 3rd trade children on all record tion task

Task Condition

Cnrd

Total

).l ?T 1 f'T Jj-ij 77 j 1 r.’’ r VfIT ’! 1 T 1 O'! l • Total

1 . 0 0 0 0 0 0 1 2 1 4

2. 0 0 0 0 0 0 0 1 0 1

3 . 0 0 0 1 0 0 1 o 0 2

h. 0 0 0 0 0 0 0

5. 0 0 0 0 o 1 1

6 . 1 0 1 0 1 3 6

7. 0 0 0 0

8. 0 1 2 3

9. ■ h 1 1 6

1 0 1 4 ]. 1 2 2 4 8



RECONSTRUCTION ERRORS ON POUR I TIM TASKS

SHAPE Ago Group
Kindergrtn X afTe =5-11] 1 .jt, grade X ago =7 -2 ?rd grade X age =8-2

/iL
!? 2 3 2 TT pairs =15 :i2 ), h h TT pairs =27 |1 3 3 it TT pairs = 6
.✓ 2 U k TT errors =12 a 2 3 It TT errors =19 2 3 U h TT errors = 3
1 1 2 3 error rate^O,' 1 2 2 Ji err rate =70$ j err rate = $0%
3 2 3 o 1 1 1 1* i
2 3 2 it r erra = It 2$ 1 2 2 h r errs = 63$ ' r errs = 67/6

i errs - >{2$ o \ I. i errs = 11$ i errs = 00$
s errs - 16; ■ 3 3 3 s errs = 26% s errs = 33$

>1: M 3 I*
i 3 It h u i

i
!2 2 3 It TT pairs =33 3 3 It It TT pairs =33 1 1 3 it TT pairs = 12
2 3 It 2 TT errs = ■21 2 3 it TT errs 19 1 1 2 It TT errs = 8
1 1 3 it err rate = 64% It 3 it It err rate =56$ 1 1 2 It err rate = 75$
1 It h h 1 o

c. It it 1 1 2 it
2 h 2 it r errs = 48% 2 2 3 It r errs = 79% r errs = 50$
2 3 3 k i errs ~ 14% 1 1 2 It i orrs = 11$ i errs = 00$
1 3 3 It s orrs = 38% 3 It h 3 s errs = 10$ s errs = 50$
1 3 3 U 1 1 2 3
1 3 3 a 1 1 2 3
2 3 It h it ), It It
2 It it 3 3 h It itt

1 2 h i. TT pairs =33 2 7 It TT pairs = 36 2 7 3 J TT pairs = 21*
1 2 It It TT errs 3 22 2 2 2 It TT errs 3 21 3 k 3 k TT errs = lit
2 2 3 t. err rate = 67$ 2 3 it It err rate =58$ 1 3 3 it err rate =58$
i 2 i. 2 1i 1 Oc. It 2 3 h It
3 h r, I: r errs = 55$ ;> >4 Ii a r errs = 71$ 3 7 7 It r errs = 79$
i 3 i j It i errs = 1 8$ ■2 2 3 3 i errs = 05$ 7> ft Ft It i errs = 07$
1 3 i! It s errs = 27% 1 1 2 it s errs = 2h% 1 7 3 it s errs = 1!*$
1 1 oC. 2 2 2 7 it 3 3 It It
1 3 > 3 1 3 7> it
2 3 it 1 9 2 3 it
h I: 3 2 F f 1 2

2 3 It It

r. err p DOD1 2  2 3

i
J  -i err * D  _ ' ' 

2 3 2 3

sVin
s err - 0 0  L/J 

1 1 3 r

SHAPE I
d u ,

SHAPE II = EjQI'! Shape III = ft h  ft J
1 2 3 IT 1 2 JIT



RECONSTRUCTION Ep.Rf '•'> ON POUR ITEM TASKS 11J»

Age Group

rt,n X ar-e *5-11 } 1 t "rc rj 3 V =7—9 ! 2nd grade X age =8-2 3rd grade X age =9

TT pa irs =15 2 h It U TT pa irs  =27 | 1 3 3 It TT pa irs  = 6 1 3 It it TT p a irs -
TT errors =12 0t. 2 3 it TT errors =19 1 o 3 It It TT errors = 3 2 3 3 h TT errs  =<
e rro r ra tc=8P;' 1 2 2 k e rr rate =70% j e r r  ra te  = 50# 1 1 2 It e rr  rate=i

1 1 1 h 1 2 3 3 It
r  errs = Ij2# 1 2 2 k r  errs = 63% ! r  errs ■ 67# r  errs = (
i  orrs = tU f 2 b. Ij i  orrs = 11# i  errs = 00# i  errs = (
s errr, = 16 3 s, 3 3 s errs = 26# s errs = 33# s errs = ;i 1£1 3 k

3 It h it i

TT pa irs =33 3 3 it It TT pa irs  =33 1 1 3 it TT pa irs  = 12 2 It It It TT pa irs  =
TT errs = ‘21 2 ■) 3 h TT errs = 19 1 1 2 It TT orrs = 8 1 2 It It TT errs =E
e rr  ra te  = 64% It 3 It It e rr  ra te =58# 1 1 2 I| e r r  ra te = 75# 2 3 It It e rr  ra te  =

1 2 It It 1 1 2 It 1 3 3 It
r  e r r r  = 48% 2 2 3 It r  errs = 7 9 % r  errs = 50# r  errs •  t
i  e r rr  = 14% 1 1 2 It i  orrs = 11# i  errs = 00# i  errs = (
s orrs = 38% 3 h It 3 s errs = 10# s errs = 50# s errs = 3

1 2 3
1 1 2 3
It It It It
3 It it It

,

TT pa irs  =33 2 7 It It TT pa irs  = 36 2 a 3 3 TT pa irs  = 2it i 1 2 it It TT pa irs
TT errs = 22 2 2 2 h TT errs =  21 3 h 3 It TT errs = 1)i ; 2 3 3 It TT errs =1
e rr  ra te  = 67% 2 3 It it e rr ra te  =58# 1 3 3 It e rr ra te  =58# 3 It it it e r r  ra te  =

1 1 2 it 2 3 h It I! 3 3 It It
r  errs = 55# 2 >4 It It r  errs = 71# 3 3 3 It r  errs = 79# | 1 1 2 3 r  errs = 9
i  e rrs  = 18# 2 2 3 3 i  e rrs  = 0## a h it It i  e rrs =07# ■2 3 It It i  errs = 0
s errs  = 21% 1 1 2 It s errs = 2it# 1 a 3 h s errs = lit#  : 2 3 3 It s errs = 1

2 2 3 h 3 3 It It
1 3 3 It , I
2 2 3 It I
b b 1 2 j
2 3 it It 1

r

p D D O
1 2  2 3

i
rt -x err ” D  l.

2 3 2 3
s err * O Q  

1 1 3

d u i
SHAPE II = siD G E

1 2 3 r
Shape II] d d D D

1 2 JIT



RECONSTRUCTION ERRORS ON SEVEN ITEM TASKS

SHAPE Ago Group

Ki ndergrtn X ago =5- } ! 1 ct "redo X are = 7-2 2nd pr-?.de X m |8-2
1 1 2 3 5 6 7 r =a5# i 1
1 2 3 a li 6 7 i =28#; a 5 5
1 2 3 3 a a 5 s =27# |i 1 2
2 1 7 7 5 6 5 |1 2 3

orr rato = a6# 2 2 2
\ 1 p 3

2 2 
6 6
1 li 
3 6
2 3
a a

a
7
7
76
7

=7 0# 
=05# 
=25#

err rote = $6%

6 6 7
3 a 6
5 5 7 
a 5 6 
a 5 6
3 a 5
6 7 7
a 5 6
err r

r
i
s

-66% 
■00% 
-36%

:te = 36%

2 2 1 3 a 5 6 r =33# 1 2 2 2 3
1 3 a 5 5 6 5 i =35# 1 3 2 a a

s =33# 1 3 a 5 6
1 3 a a 6
1 1 o 2 a

iI

5 7 r =50# 1 2 3 5 6 7 7 r =61#
7 7 1 =05# i 04_ 3 3 5 6 7 i =00#
5 5 s =a5# 1 2 2 a a 5 6 s =39#
7 7 1 1 2 3 a 5 6
6 7 1 2 3 5 6 7

1 1 2 3 6 7
1 2 a 5 6 7 7
2 a

•> 3 5 6 7 7
1 5 6 7 7 7 7
1 2 3 a 6 7
1 2 a a 5 6 6 7
1 2 a 5 6 7 7

m

1 2 a 5 6 7 7 r =-45% a a 5 6 6 6 7 r =52# 1 1 1 2 3 5 7
2 3 1 a 3 5 a i =10% 2 2 2 2 a 6 7 i =16# 1 1 3 a a 6 7
2 3 a 6 5 7 2 s =45% 1 2 a 5 a 7 6 s =32# 1 1 2 3 3 3 a1 a 3 3 6 7 6 3 3 3 a a 5 7

0 2 2 2 3 3 3 a 1 1 3. a 5 6 7
1 1 3 a 5 6 7 1 1 2 2 u 5 I1 2 3 a 6 7 7 1 3 3 3  a 6 6

2 3 li 5 5 6 7
1 2 3 5 6 7 7
1 2 2 2 a 5 5
3 3 a 6 6 6 7
6 6 6 7 7 7 7
2 2 3 a 5 7 7a a a 5 5 6 7
1 2 2 2 3 3 3
1 1 2 3 3 3 a
2 2 3 a a 5 7

r=68# 
i=00# 
s -32%



RECONSTRUCTION ERRORS ON SEVEN ITEM TASKS 115

Age Group
ndergrtn X age =5-11 1 grade X a^e = 7-2 2nd grade X nre = |8-2 j3rd grade X age=9-2

1 2  3 5 6 7 r =li5* 1 1 1 2 2 3 li r =70* 2 3 U 5 6 7 7 r =65* j 1 2

•

5 5 li 6 7 r =5:
2 3 1* li 6 7 i =28* h 5 5 6 6 6 7 i =05* 1 1 2 3 h 6 7 i =00* j1 3 5 5 6 7 7 i =01
2 3 3 li 1* 5 s =27* 1 1 2 1 U 6 7 s =25* 1 2 3 5 5 7 7 s =35* |2 3 3 5 6 7 7 S “ Ip

1 7 7 5 6 5 1 2 3 3 6 7 7 2 2 2 li 5 6 7 |1 3 5 5 6 6 7
err rate = h6% 2 2 2 2 3 3 6 1 1 2 li 5 6 7 !1 1 2 5 6 7 7

1 0 3 U U 6 7 1 2
3 h

3 3 li 5 7 ! 
5 6 7 7 7 j

1 2 2 U 5 6 7

err rate = 56* 2 2 3 li 5 6 7 ! 
err rate = 35* !

err rate = 53*

2 1 3 1| 5 6 r =33* 1 2 2 oc. a 5 7 r =50*
3 I 5 5 6 5 i =33* 1 3 3 h li 7 7 i =05*

s =33* 1 3 li 9 6 5 5 s =1;5*
1 3 h li 6 7 7
1 1 2 2 li 6 7

1 2 3 5 6 7
1 Ou 3 3 5 6
1 2 2 li h 5
1 1 2 3 U 5
1 o 3 5 6 7
1 1 2 3 6 7
1 2 It 5 6 7
2 a> a 5 6 7
1 5 6 7 7 7
1 2 3 li 6 7
1 V a li 9 6
1 2 h 5 6 7

7
76
6

=61*
=00*
=39*

? 3 3 li 5 6 7 r “5*
1 1 1 3 li 6 7 i “Of
2 3 5 6 6 7 7 3 =lil
1 li 5 5 7 7 7
1 2 3 5 5 6 7
1 1 2 li 6 7 7
1 3 5 6 7 7 7
1 2 3 5 6 7 7

2 li 5 6 7 7 r -45% h Ij 5 6 6 6 7
3 1 U 3 5 U i = 10% 2 2 2 2 li 6 7
3 U 6 5 i 2 s =45% 1 2 5 d li 7 6

1 li 3 3 6 7 6
2 2 2 3 3 3 U
1 1 3 li 5 6 7
1 2 3 li 6 7 7

=$2%
=16%
=32%

1 1 1 2 3 5 7
1 1 3 li U 6 7
1 1 2 3 3 3 li
3 3 3 U U 5 7
1 1 3 li 5 6 7
1 1 2 2 u 5 7i 3 3 3 li 5 6
2 3 li 5 5 6 7
1 2 3 5 6 7 7
1 2 2 2 U 5 5
3 3 >4 6 6 6 7
6 6 6 7 7 7 7
2 2 3 li 5 7 7
li li li 5 5 6 7
1 2 2 2 3 3 3
1 1 2 3 3 3 U
2 2 3 h li 5 7

h s=

68* 
i =00* 
s=32*

3 3 3 5 5 6 7 r
1 1 3 li 6 6 7 i
1 1 3 5 7 7 7 s
2 2 3 5 6 6 7
1 1 2 3 li 5 7
1 a 2 U U 5 7
1 3 3 3 5 6 7
3 3 3 6 6 7 7
2 3 3 li 5 6 7
6 6 6 6 7 7 7
2 2 3 li 6 7 7
2 3 It li li 6 7
2 O 2 3 3 3 li li 5

= 6'

=0(
“3:



RECONSTRUCTION ERRORS ON TEN ITEM TASKS

SHAPE
Kirderrrtn X age = 5-11

_ Age Group 
st grade X age = 7-2 2nd grade X ape 8-?! 3

no child in this age 
group made reconstru 
ctions meeting the 
minimum requ.i rrnent 
that they be ordered 
upright slats

1 1 h 3 3 h 7 9 10 i 1 1 2 3  5 6 8  9 1 0  
j 1 1 2 3 5 6 7 8 10 
|1 1 2 3 1 * 5 6 7 8 9

r errs * 50$ 
i errs = 00$ 
s errs = 50$

2
1
1
1

II

! 1 2 3 U 6 7 9 10 1 1 2 3 6 7 8
1 3 li 5 6 6 6
1 2 3 h 7 8 9
1 1 2 li 7 7 7
i 2 li 5 6 7 9
1 1 2 3 5 8 9
1 3 li 5 5 6 6

1
6 9 10 Jl 
9 10 10 1 
9 10 10 1 
10 10 !1 
9 10 ?1
6 9 10 1

r errs = 50% 
i errs - 00$ 
s errs = 50$

1 1 2 1* 6 8 9 10

III

1
1
1

? 2 
53 
1 2 
I 1i
\
K.V

3 h 5 
5 6 7 
3 5 5 

5

5 
7

It lv
h 5 
3 li 
5 7

8 8 
6 6

10 1
9 1
10 1
9 • 2 
7 7 b
10 ,19 i',

h

65$ 00$ 
s errs = 35$

r errs 
i errs

raK



RECONSTRUCTION ERRORS ON TEN ITEM TASKS 116

Kirderrrtn X n^a
_ Age Group 

= 5-11' 1st ad a X age = 7-2 2nd grade X age ■ 8-?! 3rd grade X age ■ 9-

no child in this age 
group made reconstru 
ctions meeting the 
minimum requirmant 
that they ha ordered 
upright slat s

; 1 2 3 k 6 7 9 10

1 1 1 2 3 5 6 8 9 10 
1 1 2 3 5 6 7 8 10
1 1 2 3 U 5 6 7 8 9

r errs = 50$ 
i errs - 00$ 
s errs = 50$

2 3 1*55 6 7 6 9 10 
1 3 1 * 5 6 7 8 9  10 1' 
1 3 1* 5 6 8 9 10 10
1 1 2 3 I* 5 6 7 8 9

r errs = 57$
i errs = 00$
s errs = 1*3$

2 3 6
1* 5 6
3 1* 7
21* 7 
U 5 6
2 3

7 8 10 1010,1 
6 6 6 9 10 1 

9 1 0  i o n
9 10 ioh
10 10 11 
9 1 0  U

8 9 
7 7 
7 9

5 8 9

r errs = 50$ 
i errs a 00$ 
s errs = 50$

2 3 5 6 7 8 9 9
2 1* 5 8 9 10
2 3 5 6 7 7 9 10 1f
1 2  3 1* 6 7 8 10 1(
2 3 I* 5 7 8 9 10 1C
2 3 1* h 5 6 7 8 9I
2 3 5 6 7 7 9 10 1C

r errs = W*$
i errs = 00$
s errs *- 56$

1 1 2 li 6 8 9 10 1 2 2 3 it 5 5 7 9 10 1 1 1 2 2 2 2 3 3 3
1 2 3 5 6 7 7p 9 9 9 1 2 2 3 3 5 5 7 7 10
1 3 3 3 5 5 7 7 7 10 1 2 3 a 5 6 8 8 10 10

5 2 3 1* a a 5 8 8 9 9 : 2 2 2 3 a 5 6 6 7 9 1
! 3 3 3 i* 5 5 6 6 6 7 7'3 a 5 6 7 7 7 8 9 10
i 2 3 3 3 a 5 6 6 7 10 . 1 2 3 a 5 6 6 7 9 10
j 1 3 1* 5 7 7 7 9 9 9 ;1 2 3 a a a 6 7 7 9 1't i2 2 3 a 5 6 6 7 8 9•i ;i 1 1 1 2 2 2 3 3 3 3\ * a a :

r errs - 65$ »«
i r errs = 75$

i errs = 00$ i errs - 00$
s errs = 35$ t s orrs = 25$



frequency of subjects in the kindergarten ago group 
either passing or failing both the recognition and 
reconstruction tasks.

recognition

♦
157 102

reconstruction
+ 10 1

total 167 103

x 2 = 1 5 6 . 0 0  p < . o o i

total

257
11

270
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Frequency of subjects in the kindergarten ago group 
either pinning or failing both tho recognition and 
reconstruction tasks.

recognition

* - total

157 102 25'?
onstruction

+ 10 1 11

total 167 103 270

x 2 = 1 5 6 . 0 0  P < . 0 0 1
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Fraquorcy of subjects is the 1st grade age group 
either passin; j or fai Lin;; both the recognition and 
reconstruction tanks.

reconstruction

r c c o g n i iA Q r i  

+ - total

108 53' 163
+ lh 3 17

t o t a l  122 30 180

X2 - 99.32 p<,.001



!
\t
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Plrequoncy of subjects in the 2nd grade ago group 
oithor passing or failing both the rocogniti on. and 
reconstruct:!on tasks.

'recogrtition

■f - total

reconstruct} on
87 2)4 111

+ 67 2 69

totax 1 U 26 Ocor~~

X 2 = 81.10 p^.001
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Frequency of subjects in the 3rd grade ago group 
either passing or fa.i ting both the recognition and 
reconstruction tasks.

reco.gnit ion

+ - total

- Qb 19 103
reconstruction

+ 75 2 77

total 159 21 180

X2 = 78.18 p^.001
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