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ABSTRACT 

This dissertation sought to explore dimensions of 

preschooler conceptual awareness of the principles of 

counting. The study derived its focus from the research of 

Rochel Gelman and, in particular, the principles of 

counting she purports are implicitly understood by young 

children. Their frequent inability to manifest this 

awareness in their counting performances is explained as 

resulting from their susceptibility to task demands. This 

study explores this position by seeking to facilitate 

performance in order that conceptual understanding might be 

more apparent. 

The sample for this study consisted of 40 children 

(20 aged 3 years 3 months-3 years 9 months; 20 aged 4 years 

3 months-4 years 9 months) selected randomly from a cross 

section of preschool and day-care centers in Adelaide, 

South Australia. 

Phase 1 of the study explored the impact of a 

procedure which allowed for children to receive both visual 

and tactile feedback on their counting behavior on array 

sizes ranging from 2 to 19. The results show conclusively 
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that this self-monitoring technique significantly improved 

counting performances for both age groups. In doing so it 

lends support to the Gelman hypothesis that conceptual 

awareness of the 'how-to ' count principles can be masked by 

task demands. 

Phase 2 of the study looked at the complex 'order

irrelevance' principle. The results suggest that 

preschoolers understand that items can be counted in any 

order before they appreciate that this has no impact on 

cardinal val ue. The extreme susceptibility of 

preschoolers to variations in task demands necessitates 

further exploration of design and analysis parameters. 



CHAPTER 1 

INTRODUCTION AND REVIEW OF LITERATURE 

Introduction 

This dissertation has as its focus the cognitive 

capacity of preschool children in the area of number. In 

reviewing the ~iterature on cognition it is particularly 

apparent that, until quite recently, the tendency has been 

to direct research toward older children. There can be 

little doubt that this has been motivated in large part by 

the relative difficulty of working with younger children. 

Abilities evident in older children have provided a basis 

for theoretical accounts of their capacities and, 

regretably, a springboard for characterising the cognitive 

status of preschool children in terms of an absence of 

these capacities. In short, there has been a tendency to 

dwell on the ineptitude of preschoolers. It is their lack 

of skill in relation to the demonstrated ability of older 

children that is highlighted. This places few constraints 

on the developmental psychologist who speculates on how the 

child moves from "not knowing" to "knowing". It has often 

1 
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led to training studies which abound with ambiguous 

findings. It must always be difficult to assess what 

children learn in a particular situation if it is not clear 

what skills they bring to the task. It should be self

Gvident that information about existing abilities, based on 

sound research, provides a basis for a more rigorous and 

insightful demonstration of development. Preoccupation 

with the inadequacies of preschoolers, based on backward 

extrapolation from assessments of the capacity of other 

children, offers no necessary insight int6 the real 

abilities of younger children, nor does it assist in the 

conjecture on developmental passage. 

It is interesting to note that more recent research 

on early cognitive capacity has focused more specifically 

on work with preschoolers and is, therefore, tied directly 

to evidence. It is arguable from much of this that views 

suggesting very limited capacity may reflect more on poor 

research practice and design than on the competence of 

children (Vasta, 1982). This dissertation has its 

foundation in an area of cognition where contemporary 

research is pointing to a more positive impression of our 

assessment of preschoolers' capacity, namely in their 

number conception. 

In focusing on tasks with preschool children, this 

study uses the theoretical framework of Rochel Gelman 
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(1978). The following section reviews research associated 

with number capacity and, in particular, highlights the 

views espoused by Gelman. 

Revi~ of Literature 

There appears to be a prevailing assumption in the 

literature that mathematics is both abstract and 

representative of intelligent thinking. There has been an 

associated belief that concepts of number should not be 

within our expectation of preschooler capacity but should 

appear later on the developmental scale. Piaget (1952) has 

been responsible for much of the contemporary thinking 

related to preschoolers' understanding of number. He 

argued that initial number awareness is intuitive and is 

not related to the capacity to count. In addition, he 

claimed that the understanding of number is based on the 

development of one-to-one correspondence. This capacity to 

recognize equivalence is not based on an awareness of 

specific numerosities, nor does it require the counting of 

equivalent items. It is the ability to hold equivalence 

constant, in the face of physical transformations, that 

Piaget called conservation. This is the cornerstone of the 

distinction between the Piagetian concepts of 

preoperational and operational thought, and not a capacity 

that he would have attributed to preschool children. 
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The Piagetian position on the intuitive nature of 

early number awareness has been echoed in other research. 

Gast (1957) and Pufall, Shaw and Syrdal-Lasky (1973) 

claimed that direct perceptual apprehension, or subitizing, 

of small numbers was the basis of an awareness of them. In 

this sense, number awareness is based on pattern 

recognition. Gelman and Gallistel (1978) cited an early 

study by Descoeudres (1921) in which it was claimed that 3 

1/2 year old children only successfully apprehended 

numerosities up to three. This was based on many 

experiences with events involving these numbers. Beyond 

this the power of discrimination declined dramatically. 

She referred to this phenomenon as "un, deux, trois, 

beaucoup". This perceived characteristic of preschooler 

number concept is consistent with the Schaeffer, Eggleston 

and Scott (1974) claim that very young children do not 

count. This was generally supported in studies by Dantzig 

(1967) and Menninger (1969), who argued for subitizing 

being a lower level process found in animals, adult members 

of primitive tribes, and young children. One of the 

curiosities of this line of argument is that perception is 

cited as a lower level cognitive skill. Bruner (1966), for 

one, has contested this position for some time. There is 

also an abundance of evidence to indicate that many of the 
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so-called primitive tribes manifest complex number 

awareness if socio-cultural idiosyncracies are accounted 

for in observation (Zaslavsky, 1973; Ginsburg, 1978). 

The question of subitizing has been taken up using 

reaction time analysis. Klahr and Wallace (1973) found 

increases in reaction time with increases in the number of 

items. They postulated an underlying counting mechanism 

for numbers greater than five and direct apprehension for 

those less than five, even though a progressive increase in 

reaction time was evident from one to five. Chi and Klahr 

(1975) pursued the differences in small numbers and found 

significant reaction time differences between responses to 

arrays of two and three. They suggested that'this may 

indicate evidence of subvocal counting. 

Research by Fuson, Secada, Walter and Hall (1983) 

has provided another view of the role of subitizing in 

dealing with number. In their study, children aged 4 1/2 to 

5 1/2 were confronted with imposed matching and counting 

procedures on standard Piagetian number conservation tasks. 

While it was found that few children had difficulty in 

executing these skills, equally few did so spontaneously. 

It was deduced that, left to their own resources, most 

children in the study would rely on gross perceptual 

features of arrays of items in order to make judgments 



6 

about equivalence. There was a tendency, especially among 

the younger children, to subitize with smaller numbers. 

Consistent with earlier findings by Gelman and Gallistel 

(1978) and Fuson, Richards and Briars (1982), it was 

reported that preschool age children showed the capacity to 

count. What is of interest here is the view that 

subitizing may be a preferred mode with young children when 

dealing with small numbers. It is suggested that this may 

stern from the children's history of success wi th this 

strategy. There is an implied disincentive to use existing 

skills of counting. More spontaneous recourse to counting 

was evident with the older children. While this study 

shows evidence of preschooler performance being typified by 

interspersed counting and perceptual ~eliance, it also adds 

weight to the view that counting skills predate the 

acquisition of Piagetian number conservation. 

In her work on preschoolers' number reasoning, 

Gelman (1972, 1977) noticed that children as young as two 

years of age spontaneously counted. This included the 

counting of rewards as well as items in the tasks. At no 

stage were the children actually asked to count. This is 

in confl ict with the Fuson et al., (1983) finding ci ted 

earlier. It suggests the circumstances within which 

counting skills may be manifest need careful scrutiny. For 
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instance. Henderson's (1984) study of the influence of 

social support on exploratory behavior in children three to 

seven years of age found additional exploratory potential 

in children when minimal unintrusive social suppurt was 

provided. He concluded that even low-exploratory children 

will attempt tasks, given moderate social support, but may 

not do so spontaneously and independently. It would appear 

that Gelman's observation of spontaneous counting behavior 

in her own research reflects positively on her approach and 

suggests an increased probability of tapping the capacity 

of her subjects. It should be noted that the Gelman 

observation of spontaneous counting is not matched by 

spontaneous organizing and monitoring behavior (Moely, 

Olsen, Halwes, & Flavell, 1969). The inefficient or 

sloppy use of a counting algorithm to reason about numbers 

may result in a child perceiving different nurnerosities in 

repeated attempts at the same array of items. This issue 

will be returned to later in this review. 

It is important to look at the counting behavior of 

young children to deduce whether it is anything more than 

rote memorization. This perception is the Piagetian 

position and is basic to his contention that preschoolers 

lack a coherent set of principles for reasoning about 

number. This position is supported by a Japanese study by 



Arai (1984) which concluded that at three years of age 

children counted from memory. 

8 

Gast (1957) argued that counting is influenced by 

the nature of items. Piaget (1952) claimed that 

heterogeneity of items negatively affects a young child's 

perception of what is countable and that it only decreases 

as children get older. Gp.lman and Tucker (1975) found no 

difference in response to homogeneous or heterogeneous 

arrays and suggested that Gast's methodology provided a 

misleading expectation for the subjects concerned. Gelman 

and Tucker argued that if preschoolers can ascribe the 

generic term "thing" to items that actually have physical 

representations then they find them countable. 

If preschoolers understand that physical items are 

countable and they spontaneously count, what then impedes 

their ability to abstract specific numerosities accurately, 

especially those beyond the very small numbers? It should 

be emphasized that Gelman (1977) found that numbers between 

3 and 19 are not an undifferentiated "beaucoup" for 

preschoolers. Their ability to recognize increasing 

numerosity, while not as accurate as responses to small 

numbers, is in evidence. It is here that an analysis of 

errors is a useful approach to understanding behavior and 

capaci ty. 
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Beckwith and Restle (1966) have stated that counting 

involves the partitioning of items counted from those still 

to be counted. Gelman (1977), in analysis of videotaped 

counting behavior of preschoolers, found that they readily 

understood that items had to be tagged with a conventional 

number-word, but as the number of items increased, they 

make more and more partitioning mistakes. For Gelman the 

decline in ability to accurately cite the cardinal number 

tag of an array of items was a partitioning problem and not 

related to difficultiei in relying on a subitizing approach 

with relatively large numbers. 

Underlying Gelman's concern to focus on performance 

limitations has been her belief that preschoolers 

implicitly know how to count. By 1978 Gelman and Gallistel 

had distilled out a series of five principles governing 

counting and number reasoning. In essence it was claimed 

that the ability to abstract nurnerosities and reason 

nmnerically is based on counting, the governing principles 

of which are understood by children at 2 1/2 years of age. 

It was further argued that preschoolers' difficulty with 

conventional Piagetian conservation tasks tells us nothing 

meaningful about their capacity to deal with specific 

numbers. Instead the problems relate to having to deal 

with relational terms. These, it is argued, are associated 
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with algebraic functions, or the reasoning about 

relationships between unspecified numerosities. 

Performance on this type of task involves a higher order 

ability and, as such, need indicate nothing meaningful 

about a child's ability to handle relationships dealing 

with specific numbers. 

Before elaborating the counting principles proposed 

by Gelman and Gallistel (1978) it must be emphasized that 

it is argued that children's knowledge of them is implicit, 

as opposed to explicit. In a criticism of this position 

Siegler (1979) contends that it is difficult to attribute 

possession of a principle to a child if the individual 

cannot state it and does not perform in accord with it in 

ma~y situations where it applies. Gelman and Meck (1983), 

in addressing this view, draw a comparison with the 

psycholinguistic argument that young children possess an 

implicit knowledge of rules governing language which is 

apparent in their utterances long before there is evidence 

of any explicit knowledge of grammar (Clark & Clark, 1977). 

In this sense it is not contended that preschoolers should 

be able to articulate counting principles but that their 

actual performance can be shown to be governed by them. 



The "Gelman" Principles 

Gelman and Gallistel (1978) proposed ••• 

that successful counting involves the co-ordinated 
application of five principles. These are: 
(a) The one-one principle - each item in an array 
must be tagged with one and only one unique tag: 
(b) The stable-order principle - the tags must be 
drawn from a stably-ordered list; 

11 

(c) The cardinal principle - the last tag used for 
a particular count serves to represent the cardinal 
number of the array; 
(d) The abstraction principle - any set of items 

may be collected together for a count. It does not 
matter whether they are identical, three
dimensional, imagined o~ real. For, in principle, 
any set of discrete materials can be represented as 
the contents of a set; and 
(e) The order-irrelevance principle - the order in 
which items in a set are tagged is irrelevant. It 
matters not whether a given object is tagged as 
one, two, three etc., as long as it is tagged but 
once and so long as the stable-order and cardinal 
principles are honored. Number words are arbitrary 
tags (Gelman, 1980, 586). 

The first three of these principles are classified as those 

governing "how-to" count, the fourth focuses on "what-to" 

count when applying these principles, while the fifth is a 

combination of both the "how-to" and "what-to" count 

principles. 

It must be emphasized that the principles of 

counting outlined above are not proposed as fully 

independent. For instance, the successful application of 

the cardinal principle presupposes a mastery of the other 

two "how-to" count principles. Gelman and Gall istel (1978) 



12 

also emphasize that the principles, in practice, may have 

only partial aplication. It is evident, for example, that 

the abil i ty of pre school er s to apply the "how- to" 

principles is influenced by set size. Counting performance 

on arrays beyond 3 and 4 has been shown to be unreliable, 

although, contrary to the Desceoudres (1921) finding, there 

is evidence of differentiation between sets involving 

larger numbers of items. It is further emphasised that 

inaccuracy in this performance should not be interpreted as 

indicating an absence of principles. 

Evidence for the "How-To" Count Principles 

Gelman and Gallistel (1978) undertook a series of 

"magic" experiments with 2 1/2 year old children. These 

involved surreptitious changes in arrays of 2 and 3 items. 

In responding to the arrays these children expressed 

idiosyncratic lists of tags. For instance, in response to 

3 items the numbers 2 - 6 - 10 might be used. While this 

list, and others like it, cannot be said to be standard, it 

was found that they were used systematically. There was 

evidence here of one-one correspondence between a chosen 

tag and an item. It should be emphasised that Gelman and 

Gallistel do not claim their subjects performed perfectly. 

However, they report the tendency to use more tags for sets 
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of 4 and 5 than for 2 and 3. It is argued that imperfect 

perf~rmance is not a sufficient basis for denial of 

impl ici t l.mderstanding of a principl e, al though some 

critics believe that too much cognitive capacity is 

attributed to these children (Siegler, 1979; Sternberg, 

1980) • 

Unconventional or idiosyncratic tag lists are common 

amongst very young children. Gelman and Meck (1983) cite 

the following as interesting but not especially unusual • 

"1-2-3-4-5-6-7-H-I-J-K". What is of particular interest 

about lists of this kind is the observation that they are 

used consistently, or expressed in another way, there is a 

stable order in the use of the tags. Gelman (1980) suggests 

that the use of these idiosyncratic lists is evidence that 

the "how-to" count principles direct the quest for 

appropriate tags. She likens unconventional tags to the 

generalization of grammatical rules by young language 

learners (e.g., I runned). Indiscretions of this kind are 

evidence of child-centered and rule-governed behavior; they 

are not learned from adult language models. 

Evidence in support of an implicit understanding of 

the cardinal principle by Gelman and Gallistel's (1978) 2 

1/2 year old sample is not strong. They report that when 

children are asked how many items in an array they tend to 

cite the last tag. While this is claimed as supportive 
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other researchers argue that it is evidence of a cardinal 

rule, not a principle. Fuson and Hall (1983) describe a 

rule in this instance as simply repeating the last number 

tag used. On the other hand a principle requires the 

integration of a series of procedures in order that 

cardinality is understood as a consequence of preceding 

counting. Baroody (1984) makes a similar distinction in 

his work on the order-irrelevance principle which is 

referred to later in this review. 

Gelman and Gallistel (1978) concede that the 

evidence for the cardinal principle is weaker than fo~ the 

one-one principle. They report that of their sample 50 

percent could count an array of 2 items and give the 

correct cardinal value, while only 25 percent could do so 

for an array of 3 items. The relative weakness of the 

cardinal principle is also evident in their study of 3 to 5 

year olds. 

In order to assess adherence to the "how-to" count 

principles by 3 to 5 year olds, Gelman and Gallistel (1978) 

required each child to undertake six separate countings~ 

three linear and three non-linear, of each of 2, 3, 4, 5, 

7, 9, 11 and 19 item arrays. In a subsequent one-one 

principle study, Gelman and Meck (1983) restricted the 

number of trials required of 3 year olds because of 

--------------------------
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anticipated attention span problems. In response to 

possible flagging interest and boredom in the 1978 study, 

the trials were conducted as a three-way conversation 

between the child, the researcher and a puppet. 

Idiosyncratic tag lists were allowed, as was a tolerance of 

+/- 1, in response to the number of items in any given 

array. Error analysis showed that many children double

counted or skipped items at either end, or in the middle or 

an array. Problems were more evident with the younger 

children and with the larger arrays. Gelman and Gallistel 

concluded that, in spite of the errors, the percentage 

success rate supports an implicit awareness of the one-one 

principle. The Gelman and Meck study provides more 

convincing evidence for this. This study was conducted 

with 3 and 4 year old children and involved 3 separate 

kinds of trials; correct, in-error and pseudo-error. The 

last in this sequence involved a puppet commencing counts 

in the middle of arrays. In essence each child was 

required to monitor the counting performance of the puppet 

in the 3 different trial types and report on its accuracy. 

It was reported that both 3 and 4 year old children could 

distinguish between correct an.d incorrect trials, and 

recognize a pseudo-error. The average percentages of 

correct responses for 3 year olds on arrays of 6 and 12 
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were 100 (correct count), 96 (pseudo-error count) and 67 

(error count). The 4 year olds were also tested on arrays 

of 6, 8, 12 and 20. Their average percentages of correct 

responses were 100 (correct count), 95 (pseudo-error count) 

and 82 (error count). What was of particular interest in 

these results was that the size of the array had very 

little effect. This finding is in direct contrast to the 

early study by Gelman and Gall istel when ele children had 

to count arrays themselves. This lends considerable 

weight to the hypothesis that children have implicit 

understanding of the one-one principle and that they are 

vulnerable to task demands. 

Gelman and Gallistel (1978) found that when their 

subjects attempted to count arrays of 2, 3, 4, 5, 7, 9, 11 

and 19 items, 80 percent of the 3 year olds were consistent 

in their lists of number tags. This was also true of more 

that 90 percent of both the 4 and 5 year olds. Further 

evidence for implicit awareness of the stable-order 

principle comes from the error detection studies used by 

Gelman and Meck (1983). In this particular approach 3, 4 

and 5 year old children were confronted with 3 incorrect 

and 2 correct number list performances by a puppet. 

Virtually none of these children had any difficulty 

recognizing correct order trials and only the 3 year olds 
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experienced any real difficulty with the incorrect order 

trials. In this latter case the number omissions caused 

the greatest difficulty, although the mean correct response 

for all incorrect trials was still 76 percent. Set size in 

all trials did not affect results. This again supports the 

notion that errors in preschoolers' counting performances 

reflect excessive demands on processing activities rather 

than an absence of understanding of the stable-order 

principle. 

The cardinal principle, as indicated earlier. was 

not well applied by children ranging from 2 1/2 to 5 years 

of age in the Gelman and Gallistel (1978) studies. They 

attributed this to performance demands associated with 

increasing set sizes. It is argued that, when counting, 

children often forget to repeat the last number tag. This 

tendency is more prevalent with younger children and with 

increases in the number of items to be counted. The 

cardinal principle was again addressed in the error 

detection studies of Gelman and Meck (1983). These studies 

were based on the assumption that children who recognize 

errors in counting performances can only do so with 

reference to some set of internally represented principles. 

Given this premise, Gelman and Meck further argue that the 

error detection approach serves to minimize performance 
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demands that had hitherto made it difficult for 

preschoolers to demonstrate sufficient awareness of the 

cardinal principle. In this particular study, 3 and 4 year 

olds were asked to indicate whether a puppet gave the 

correct answer after counting arrays of 5, 7, 12 and 20 

items. The presentation of each array involved 5 trials. 

The puppet gave correct responses in 2 trials and incorrect 

in 3. The 3 year old children responsed appropriately on 

96 percent of the correct trials and 85 percent of the 

incorrect trials. The results for the 4 year olds were 100 

percent and 99 percent respectively. Both age groups were 

very successful when attempting to change the puppet's 

responses that they deemed to be incorrect. Of particular 

interest. in this study was the ability of the children to 

successfully monitor the puppet's performance, even when it 

involved set sizes for which they personally could not 

reliably apply the cardinal principle. 

Schaeffer et al. (1974) found that preschool 

children tended to recount items in an exercise that 

i nvol ved a "how many?" question af ter a prior request to 

simply count the array. This behavior, it is argued, is 

inconsistent with an understanding of the cat'dinal 

principle which only requires a repeating of the number tag 

of the last item counted. Gelman and Gallistel (1978) 
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report recounting as a cornmon occurrence in their studies. 

'l'he frequency of recounting was shown by Markman (1979) to 

be influenced by the u~e of a class or a collective noun in 

the questions asked of preschoolers about their counting. 

In the class condition, children were asked to count 

"soldiers" and indicate how many there were. In the 

collection condition children were told " ••• Here is an 

army with some soldiers: count the soldiers in the army", 

and then asked" • How many soldiers in the army?" 

The emphasis on the collective noun reduced repeat counting 

from 25 percent in the class condition to 13 percent. 

Markman argued that this approach facilitates memorizing 

items a~ members of a set and increases the probability 

that they will subsequently be reported as a set. In other 

words, the use of a collective noun increases the 

likelihood that children will understand precisely what is 

required of them; namely, the citing of the cardinal value 

of the set in question. The position is endorsed by 

Greeno, Riley and Gelman (1984). Gelman and Gallistel, and 

Gelman and Meck (1983) emphasize that inability to store 

cardinality in a counting exercize emanates from 

interference from task demands. Cardinality will be 

discussed again with regard to its perceived relation to 

the order-irrelevance principle (Baroody, 1984). 



Evidence for the Abstraction and ·Order-Irrelevance 
Principles 

The abstraction principle has been specifically 

addressed by Gelman (1980) with 3 and 4 year olds. The 
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children were asked to count everything in the room. The 

results showed that they made no distinction between 

animate and inanimate objects, both being subsumed into 

total counts. This, together with the Gelman and Tucker 

(1975) study which found that preschoolers' ability to make 

judgements about set sizes was not influenced by the 

homogeneity or hetergeneity of items, has led Gelman to 

conclude that preschoolers are indifferent to item type 

when engaged in counting. Cont~ary evidence from Gast 

(1957) provides a useful insight into the influence of task 

factors in determining performance. In assessing the 

possible impact of homogeneous or heterogeneous items on 

young children's counting, Gast introduced all subjects to 

the homogeneous arrays first. It is arguable that this 

disposed the children to only count like items when 

confronted with the heterogeneous array. Clearly some task 

conditions can confuse or impede the manifesta~ion of 

implicit understanding. It is this issue, in particular, 

that is addressed by Gelman and Meck (1983) in what they 

refer to as th(-: "plexiglass study". 
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The plexiglass study is based on restraining 3 and 4 

year olds from their tendency to point, touch or move items 

during partitioning; that is, the practice of separating 

counted items from those still to be counted. The tasks 

involved both 2 and 3 dimensional heterogeneous arrays of 

3, 4, 5, 7, 9, 11, 15 and 19 items. In one set of trials 

the arrays were covered by a clear plexiglass sheet in 

order to restrict the tactile interaction with items which 

was permitted in the other set of trials. The results show 

clearly that the 4 year olds were the more successful. 

While the 3 year olds experienced difficulty with 

relatively smaller set sizes, both age groups found the 

large sets harder. The plexiglass condition proved more 

difficult than both the 2 and 3 dimensional unrestricted 

situations. This suggests that preschoolers do not 

necessarily find the relatively abstract nature of 2 

dimensional objects a barrier to the application of their 

number knowledge. This study indicates that counting is 

affected by task factors which impede the tendency of young 

children to point, touch or move items. It also lends 

weight to the view that these same children abstract a wide 

variety of "things" as countable. 

Research by Starkey, Spelke and Gelman (1983) with 

7 month old infants indicates that they prefer to look at 
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arrays of 2, 3 or 4 heterogeneous objects that correspond 

in number to a sequence of sounds. The authors claim 

evidence for a mechanism to deal with number and note that 

it is not dependent on item type. This finding has been 

dispensed with by Davis, Albert and Barron (1985) as 

illustrative of numerousness discrimination rather than 

anything specifically numerical. Numerousness is defined 

as the discrimination of more numerous from less numerous 

quantities. In response, Starkey et ale emphasise that 

they believe their results to be too precise to be 

explained this way. They note that their subjects could 

discriminate visual sets of 1 item from sets of 2, 2 from 

3, and 3 from 4. However, they could not differentiate 4 

from 6. If, as Davis et ale suggest, the infants were 

judging relative numerousness, the last trial should not 

prove any more difficult than the preceding ones. If 

Starkey et ale are correct they have evidence for very 

early one-to-one correspondence, and, of necessity, an 

elementary ability to abstract countable items. 

The counting exercises used by Gelman and Gallistel 

(1978) provided one source of evidence for their order

irrelevance principle. In repeated counting trials 

involving continually rearranged linear and non-linear 

arrays, all composed of heterogeneous items with respect to 
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color, the children showed almost no desire to repeatedly 

assign the same number-tag to a given item. In short, they 

appeared indifferent to the order in which items were 

tagged. Further evidence for the principle caW8 from 

Gelman and Gallistel's use of a "constrained counting" task 

for 3, 4 and 5 year olds. The children were required to 

count a linear array of 5 items. Subsequent trials 

involved the children tagging a designated item.as a 2, 3, 

4 or 5 during separate countings. This was repeated for 

other items to further assess whether young children are 

willing to change the order in which they tag specific 

items. Using this approach it was found that 75 percent of 

the 5 year olds gave perfect performances. However, with 

decrease in age there was a corresponding decline in 

success rate. Overall the results are reported by Gelman 

and Galliste: as strongly supporting the order-irrelevance 

principle. Each child was also asked to make a specific 

item N + 1, where N represented the actual set size. This 

trial was designed to provide evidence for the cardinal 

principle. While the results are not presented in this 

study, they are referred to in a later report by Gelman 

(1982). She notes that many of the 5 year olds 

demonstrated an awareness that their count was conserved, 

regardless of any rearrangement of the array, so long as 
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the number of items remained unchanged. Findings for the 

other age groups were not cited. 

At the completion of the modified counting task 

Gelman and Gallistel (1978) highlighted to the children 

that they had, as a result of the procedure, assigned the 

same item different tags during separate counts. While the 

5 year olds were more articulate in response, most of the 

children indicated an awareness that tags assigned to 

numbers are necessarily arbitrary. This is an especially 

interesting finding, given the observetion that the same 

children generally lacked awareness of the arbitrariness of 

names given to objects and events in our environment. This 

is cited as further evidence of the existence of an 

implicit understanding of principles pertaining to 

counting. 

The Gelman based research in support of counting 

principles makes continual reference to the growth in the 

ability of preschoolers to give reasons for their counting 

performance. It is this explicit demonstration of pre

existing implicit understanding that is explained in terms 

of growth in performance capacity. This distinction 

between competence and performance is developed at length 

in recent conj ecture by Greeno et a.l. (1984) and Gelman, 

Meck and Merkin (1986). This will be discussed later in 
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this review. The assumption of implicit understanding of 

preschoolers is queried in reviews of Gelman and Gallistel 

research by Siegler (1979) and Sternberg (1980) and 

challenged in the research of Baroody (1984). The latter 

work focuses specifically on the complex nature of the 

order-irrelevance principle. It is Baroody's contention 

that the principle is more sophisticated than Gelman and 

Gallistel allow for and that their measures actually tap a 

developmentally less advanced notion. 

Baroody (1984) noted that Gelman and Gallistel 

(1978) used two definitions of the order-irrelevance 

principle interchangeably. These are reported as II. 

(1) count tags do not have to be assigned to the elements 

of a set in a fixed order and (2) differently ordered 

counts produce the same outcomes • •• 11 (Baroody, 1984, 

34). While Baroody finds the first definition confirmed by 

the research, he claims that the second involves a 

fundamentally different notion that is not directly 

assessed. He argues that appreciation of the arbitrary 

nature of count tags does not necessarily imply that 

children understand that the counting of differently 

ordered arrays results i~ the same cardinal value. To 

illustrate the point, he reports that when young children 

are confronted with problems like 4 + 2 and 2 + 4 it is not 
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unusual for them to commence with the larger number in both 

computations, without realizing the equivalence of the 

problems. Similarly it is argued that children may have a 

thorough appreciation of the arbitrary nature of number.-tag 

assignment without realizing that the cardinal value of 

sets is unaffected by counting items in a different order. 

If so, it is contended that Gelman and Gallistel may only 

have confirming evidence for an lIorder-indifferent tagging 

scheme II, not an order-irrelevance principle. 

The research design adopted by Baroody (1984) to 

assess his contentions about the complex nature of order

irrelevance focused on two main issues. The first was the 

willingness of the 5 and 6 year. old samples to count arrays 

presented in different orders. The second involved the 

children in predicting the cardinal value of an array 

counted in a reverse direction. All tasks were based on 

arrays of 5 heterogeneous items. Baroody required success 

on the second task as prerequisite to the attribution of 

the order-irrelevance principle. Results from the study 

are presented as confirmation of the need to distinguish 

between an order-irrelevance tagging scheme and a 

principle. Given the ages of the two samples, it is not 

surprising that the first phase of the experiment presented 

no diff icul ties, hence conf irming skill wi th the "tagging 
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scheme!!. However, the prediction task resulted in a 

reported 55 percent failure rate for the younger chlldren 

and a 13 percent failure rate for the older children. The 

clear distribution between the two stages of the research 

is cited by Baroody as evidence of a developmental trend. 

Results from research by Ginsburg and Russell (1981) 

indicate that their sample of preschool and kindergarten 

children experienced more difficulty with tasks involving 

the anticipation of outcomes from differently ordered 

counts than with counting rearranged arrays. 'rhe older 

children were more sucGessful on the anticipation task. 

Baroody's (1984) interpretation of Gelman's (1982) report 

of her research al so points to a distinction in the na ture 

of order-irrelevance. This is in direct conflict with 

Gelman's analysis of her results. Baroody stresses that 

Gelman reports a higher level of success for the modified 

counting task, which focuses on differently ordered items, 

than on the task which requires awareness of cardinality. 

The latter is assessed, as mentioned previously, by asking 

a child to assign a specified item the value of N + 1. 

Baroody asserts that the order-irrelevance principle can 

only be attributed to children who successfully attempt his 

prediction task or Gelman's N + 1 modified counting task. 
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It is important to note that the following quotation 

from recent work by Gelman, Meck and Merkin (1986, 11) 

acknowledges that th.e order-irrelevance principle 

necessarily 1/ ••• captures the fact that one can apply the 

how-to-count principles (one-one, stable and cardinal) in 

any order to a set of objects. The consequence of this is 

tha t regardl ess of order, the same cardinal val ue obtains 1/. 

However, Gelman et ale argue that the significant 

discrepancy in Baroody's (1984) study results more from 

misinterpretation of task demands than from a lack of 

principled understanding. In short, after children 

assessed the cardinal value of an array of 8 heterogeneous 

items, based on only one trial, they were confronted with 

their result and asked to predict the cardinal value if 

they were to count the items in reverse order. Gelman et 

ale argue that this approach can be interpreted as a 

challenge which implies that the first response was 

incorrect. In other words, the children misunderstand the 

intent of the question. Analysis of factors which 

influence performance has become central to current 

research by Gelman et ale (1986). Findings which conflict 

with the premise of implicit understanding of counting 

principles (Ginsburg & Russell, 1981~ Fuson & Hall, 1983: 

Baroody, 1984) are seen as resulting from performance 
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constraints. It is argued that " ••• variability in 

counting performance can be traced to problems in assessing 

the task (utilization competence) and planning solutions 

(procedural competence) that meet the constraints of 

conceptual competence" (Gelman et al., 1986, 37). Using 

this basis, development is explained in terms of 

improvement in both utilization and procedural competence. 

Clearly this is a different view of development from that 

espoused by the likes of Baroody and Fuson and Hall who 

argue that children lack initial understanding of counting 

and that this is only gradually acquired through 

experience. It should be emphasised that the issue of 

whether preschoolers have the capacity to count is not at 

stake in these competing views. It is the basis of that 

ability that focuses the debate. 

In addressing the research findings of Baroody 

(1984), in particular, Gelman et al. (1986) developed a 

comprehensive range of tasks to assess oraer-irrelevance 

and cardinality, not all of which are reviewed here. The 

first phase of the research involved 3 independent groups 

of 4 year olds. One participated in a replication of 

Baroody's experiment, as did the second with the only 

variation being that the array of items was counted 3 

times. This latter approach was used in the expectation 
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that it would raise the children's confidence in their 

assessment of cardinal value. The third group counted the 

array only once but were then exposed to a variation of 

Baroody's "prediction question". The researcher pointed to 

the last item and asked if the child could start counting 

with the numerical value it had been assigned in their 

initial count of the array and what the result would be. 

This line of questioning was designed to minimize potential 

misunderstanding. It is interesting to note that the pilot 

study on these three trials was conducted on 5 year old 

urban children but they made too few errors when compared 

with Baroody's rural sample; hence the choice of 4 year old 

urban children. The direct replication of Baroody's design 

resulted in eleven of the twelve child~en predicting a 

different cardinal value from their first count. Initial 

repeat counting resulted in only half of the second group 

altering their first response, while the modified 

questioning approach for the third group saw ten of the 

twelve children maintaining their initial answer. When 

children were prompted for their reasoning. it was apparent 

that most errors resulted from confusion and the belief 

that the answer had to be altered. .A slightly modified 

version of this research was repeated with 3 year old 

children with very similar results. This led Gelman et ale 
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to dismiss Baroody's position of children's understanding 

of the order-irrelevance principle. The large variation in 

his results is attributed to factors which unduly influence 

utilization competence; that is, assessing the requirements 

of the task. 

A- fur ther phase of the Gelman et ale (1986) research 

focused on the "constrained counting" task introduced by 

Gelman and Gall istel (197 8). This was used to highl ight 

how sensitive young children's counting performance is to 

procedural demands. Improved performance with age and 

smaller set sizes is explained in terms of greater facility 

with strategies for error-free counting. 

Throughout their research, Gelman et al. (1986) 

explain variation in performance as evidence of the 

development of procedural competence. Similarly, Gelman 

and Meck (1983) claim that errors in counting for set sizes 

up to 20 are best explained in terms of performance 

demands. With reference to the "how-to" count principles 

elaborated by Gelman and Gallistel (1978), it is argued 

that " • •• development of counting in the early years 

would appear to be mostly a matter of developing procedures 

that implement these principles and acquiring skill in the 

carrying out of these procedures" (Gelman & Meck, 1983, 

357). Gelman et ale stress that conceptual competence, or 
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implicit understanding of countirig principles, need not be 

particularly evident in performance, or be explicit. 

Hrn~ever, performance itself is seen as a catalyst for 

subsequent II ••• development of both procedural competence 

and further conceptual competence ll (Gelman et al., 1986, 

39). 'l'he following section highlights some of the factors 

which are characteristic of the performances of young 

chil dren. 

Performance Factors 

The object of research work on young children's 

cognitive capacity ought to be to facilitate their 

performance, while at the same time trying to ensure that 

the level of any assistance, and leniency in assessment 

methods, do not result in undue attribution of ability 

(Wilkinson, 1984). It has already been demonstrated that 

these children are very susceptible to task demands (Gelman 

& Gallistel, 1978; Markman, 1979; Gelman & Meek, 1983; 

Greeno et al., 1985; Gelman et al., 1986). 

Mitchie's (1984) assessment of preschoolers' number 

understanding indicates that poor performance may be more 

due to memory factors and over-reliance on perceptual cues 

than to poor understanding of number. The observation that 

children frequently resort to perceptual cues reflects 
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choice of processing strategy. It is argued that they 

believe it to be more reliable. Poor memory is also cited 

as a performance variable by Bryant and Trabasso (1971). 

Subsequent work by Trabasso (1975) indicates that memory 

facilitating procedures greatly enhance the performance of 

4 to 6 year olds. 

Retention of relevant information is also influenced 

by attention, which has been shown to improve with age 

(Schiff & Knopf, 1985). Gelman and Gallistel (1978) and 

Gelman et al. (1986), for instance, have attempted to 

facilitate attention by use of puppets and novel tasks. 

Markman (1973) claimed that young children need to be told 

to monitor their output. This can be associated with the 

Piagetian notion of reflective abstraction in which 

cognitive operations become the object of thought. The 

error-detection studies of Gelman and her associates (1978, 

1983, 1986) required that children watch carefully and 

reflect on a puppet's performance. 

The most notable attempt by young children to guide 

their own counting performance seems to be in the form of 

pointing. Gelman (1977) noted that 98 percent of her 

sample of 2 to 5 year olds pointed in the process of 

abstract1ng numerosities and that this practice increased 

with set size. Gelman and Meck (1983) also noted the 

tendency to point and the effect of increase in set size. 
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Their plexiglass experiment was designed, in part, to 

monitor the effect of restraining this impulse. Ginsburg 

(1977) observed that pointing was a common and convenient 

behavior still evident in the early grades of school. 

Fuson, Secada and Hall (1983) commented on the frequent 

inabil i ty of young chil dren to co-ordina te their pointing 

to objects of their recitation. Pointing appears to be 

commonly used as a strategy to assist counting, although 

there appears scope to improve its efficiency. 

The performance of young children has been shown to 

be influenced by social support (Henderson, 1984). 

Confidence and spontaneity is more likely if the child 

feels at ease with the task situation. Donaldson (1978) 

also stresses how susceptible children are. Confidence is 

quickly lost in the face of threatening circumstances 

and/or test ambiguity. Bullock and Gelman (1977) assert 

that the best performances are evident in familiar domains. 

The value of using novel'tasks in test design is 

widely acknowledged (Sternberg, 1980; Sophian & Huber, 

1984; Gelman et al., 1986). It is argued that success on 

an unfamiliar task provides stronger evidence for genuine 

understanding. However, Henderson (1984) cautions that the 

curiosity associated with novel tasks can result in a 

production deficiency. The implication is that researchers 



should strive for tasks that focus attention, not those 

where the novelty proves distracting. 
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Clearly there are many factors which influence the 

performance competence of young children in counting tasks. 

Any attempt to minimize negative effects of these factors, 

in order that performance may most closely reflect actual 

conceptual competence, should focus on the facilitation of 

memory, attention and self-monitoring behavior. There is 

arguably merit in building on strategies that are commonly 

found and having these applied to unambiguous and 

appropriately challenging tasks. All of this should take 

place in a supportive, non-threatening environment. 

The Research Orientation 

In the main, the literature reviewed focuses on 

evidence on the nature of young children's understanding of 

number with particular reference to counting skill. The 

widely held view that young children's apprehension of 

number is characterized by subitization seems now largely 

discredited. However, there remains evidence that it is 

often a preferred strategy. There seems to be consensus in 

contemporary literature that young children can count. 

However, there are clearly differences in the perception of 

the development of the requisite skills. The Gelman and 
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Gallistel (1978) hypothesis is that there are a series of 

five principles which govern counting and that children as 

young as 2 1/2 have implicit understanding of them. 

Subsequent research by Gelman et al. (1986) explains 

variability in performance in terms of differences in 

utilization and procedural competence rather than in 

conceptual understanding. In this view, development of 

counting skill revolves around performance factors that 

operate within the constraints set by an implicit awareness 

of the counting principles. An alternative thesis suggests 

that there is development of sub-schemes that make up these 

principles and that these are abstracted from performance 

over time (e.g. Baroody, 1984). In this view it is the 

core counting principles that develop. It is contended 

that evidence of an understanding of how to couilt is not 

sustained over a wide enough variety of task demands to 

warrant attribution of conceptual competence or genuine 

understanding of principl es wi th young chi! dren. 

The theory espoused by Gelman et ale (1986) clearly 

assigns conceptual competence associated with counting to 

very young children. Research findings that report 

performance variance with ~espect to age, set size and task 

demands are explained as evidence of differences in 

performance competence. More specifically, these reflect 
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differences in the ability to assess task requirements 

(utilization competence) and generation of an appropriate 

counting procedure (procedural competence). It follows 

logically from this view that attempts by developmental 

psychologists to assess the capacity of young children 

should reflect an awareness that competence has three 

components; namely conceptual, utilization and procedural. 

With respect to counting, Gelman et al. align conceptual 

competence with implicit understandingo While this 

competence sets the criteria against which capacity is 

judged, it does not spell out how it will be put into 

practice. It is, therefore, the responsibility of the 

researcher to so control factors which influence 

performance that t~e potential for demonstrating awareness 

of counting principles is maximized. In attempting to 

establish evi.dence for the counting principles espoused by 

Gelman and Gallistel (1978), the following research takes a 

lead from this perspective. 

Phase 1 

In the exercise of counting arrays from 2 to 19, the 

performance of young children shows a marked decline with 

increase in set size (Gelman & Gallistel, 1978). 

Analysis of performance points to carelessness, attention 
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decline and memory problems as si'gnificant contributory 

causes for this rather than any failure in conceptual 

understanding. If this is the case, it follows that any 

procedure that assists performance by facilitating feedback 

on items counted, and to be counted, should result in 

improvement. Gelman and Meck (1983) have tested thiz 

notion with success in the "plexiglass experiment" by 

encouraging children to handle items, although not 

demanding it. 

Phase 1 fur the:!' de-.reJ. ops this notion by assessing 

the impact of introducing a compulsory monitoring procedure 

on the full range of arrays from 2 to 19 used by Gelman and 

Gallistel (1978). It is hypothesized that the introduction 

of a monitoring procedure should improve the ability of 

young children to manifest an implicit understanding of the 

"how-toll count principles of Gelman and Gallistel (1978). 

Phase 2 

The order-irrelevance principle of Gelman and 

Gallistel (1978) has proved to be something of an achilles 

heel for their thesis of early conceptual awareness. 

Baroody (1984), in particular, has used it to argue his 

case for partial knowledge of the counting principles. 

Working from Baroody's assumption that his prediction task 
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is an appropriate measure of an understanding of the order

irrelevance principle, Phase 2 of this research attempts to 

correct perceived ambiguity in the task by using a 

collective noun in the manner suggested by Markman (1979). 

However', as Ba.roody suggests, attribution of the order

irrelevance principle to young children requires that their 

understanding is not susceptible to variations in the 

presentation of the task. If it can be shown to be, it 

weakens the assertion of implicit understanding which, of 

necessity, must be resistant to novel presentation (Gelman 

and Gallistel, 1978; Gelman and Meek, 1983: Gelman et al., 

1986) • 

It is hypothesized that awareness of the order

irrelevance principle of counting (Gelman & Gallistel, 

1978) by young children is not influenced by changing the 

location of the commencement of the count or by changing 

the physical distribution of the array. 
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METHOD 

Bach Phase 1 and Phase 2 of this study had their 

foundations in the research design of Baroody (1984) and 

Gelman (Gelman & Gallistel, 1978; Gelman & Meek, 1983; 

Gelman et al., 1986) outlined in the literature review. 

Phase 1 involved children in controlled and modified 

counting of array sizes used by Gelman and Gallistel 

(1978); namely, 2, 3, 4, 5, 7,9,11 and 19. Phase 2 was 

based on variations of Baroody's prediction task used in 

assessing the order-irrelevance principle of counting. 

These procedures were adopted, in part, to strengthen the 

basis for comparative analysis. 

Phase 1 

Subjects 

The sample for the study consisted of 40 pre-school 

children selected using stratified random sampling. There 

were two age groups (3 years 3 months to 3 years 9 months, 

mean 3 years 7 months; and 4 years 3 months to 4 years 9 

months, mean 4 years 7 months) with 10 boys and 10 girls in 

40 



41 

each group. The population was drawn from a cross section 

of urban pre-schools and day-care centers in Adelaide, 

South Australia. Children who. in the opinion of the 

center directors, manifested extreme learning difficulties 

were excluded. There was no point in exposing these 

children to tasks that might prove frustrating for them. 

Materials 

In the control procedure, the items counted were 

identical one inch red cubes. In the monitoring procedure, 

the items were again one inch red cubes but they also had 

blue hinged lids which opened 90 degrees. All arrays were 

presented on a mat measuring 30 inches x 12 inches. 

Equipment 

All counting trials for each child were video

recorded with a camera removed 15 feet from the 

presentation table. and elevated 30 degrees from the table 

top. The camera was activated prior to each testing 

session, therefore removing the necessity for an operator 

to be in the room. This was done to minimize distraction. 

Procedure 

All children were tested in the familiar surrounds 

of their day-care or pre-school cen ter. The examiner spent 
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time with all subjects on a day prior to the actual testing 

in order to gain their confidence. 

Each child was exposed to two different counting 

situations: a control procedure and a monitoring 

procedure. Each age group was randomly halved. One half 

commenced counting with the control procedure and the other 

with the monitoring procedure. 

In both the control and the moni toring procedures,· 

each subject was given two countirig trials (one linear and 

one non-linear) for each of the following sets: 2, 3, 4, 

5, 7, 9, 11 and 19. Two trials were given for arrays of 2 

items in spite of the inevitability of a linear display. 

This was done to facilitate a positive introductory 

experience for subjects, as it was not expected that this 

array size would pose difficulty. While it was possible to 

contrive more than two trials for each array, this numb~r 

was selected as Gelman and Gallfstel (1978) found that IT,ore 

trials were often conducive to error. 

Working with each subject individually, the examiner 

proceded through the number arrays in pairs, starting with 

the lowest numbers; i. e., the four tr ial s for 2 and 3 item 

arrays were presented, in random order, before moving on to 

4 and 5 items arrays and subsequent pairings. The 

slwject's view was screened between successive trials. 



In each tr ial of the control procedure, subj ects 

were asked two questions: 

i. "Coun t the boxes." 

ii. "How many boxes are there?" 

In each trial of the monitoring procedure, the subjects 

were also asked two questions: 

i. "Count the boxes and, as you count each one, 

close its lid." 
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The appropriate behavior, namely closing the lid, was 

initially modelea by the examiner. The request to close 

the lids was only repeated if a subject showed an immediate 

sign of neglecting to do so. 

ii. "How many boxes are there?" 

Scoring 

All scoring was done with the ~id of video-recording 

of all performances. 'Ewo sets of" scores, cl assif ied. 

strir.gent and tolerant, were collected using the following 

guidelines. 

Stringent: Linear trial 2 1 0 1 2 

Response N-2 N-l N N+l N+2 

Non-linear trial 2 1 0 1 2 

(All responses outside this range received 3 

points, as did Nil responses. ) 
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2 Tolerant: Linear trial 

Response N-3 N-2 N-l 

210 

o 

N 

o 

N+l N+2 N+3 

Non-l inear tr ial o 1 

(All responses outside this range received 3 

points, as did Nil responses.) 

(N represents the array size.) 

2 

The points in each set of scores were summed for linear and 

non-linear trials for each array size for each of the two 

age groups on both counting procedures. This was 

preparatory to a repeated measure Hultivariate Analysis of 

Variance: 2 (age) x 2 (counting procedure) x 2 (scoring 

type) x 5 (array size). 

Phase 2 

Subj ects 

Only subjects from Phase 1 who satisfactorily 

counted arrays up to and including 6 items participated in 

Phase 2. 

Materials 

The items to be counted were one inch white cubes 

with blue hinged lids. One additional item was included 

and designated the "leader". This item was a one inch 

white cube with a red hinged lid. Each item had a child's 



45 

face drawn on one vertical side. As in Phase 1, all arrays 

were presented on a mat measuring 30 inches x 12 inches. 

Equipment 

The video-recording equipment was set up as in Phase 

1 of the study. 

Procedure 

Each subject was presented with five tasks, in 

random order, involving either 5 or 6 items. The 

variations were introduced to minimize any learning or 

retention effect. In each task, the subjects were asked to 

commence their count with the item which was assigned the 

status of "leader". All testing was preceded by an 

informal session with each child. This concentrated on 

introducing the items used in the tasks, including the 

"1 eader", as members of a team of children. This 

terminology was derived from Markman's (1979) assertion 

that "collective terms" minimize question ambiguity and 

focus attention. 

As in the monitoring procedure of Phase 1, children 

were required to close the lids of the cubes in association 

with their counting in each task. The specific procedure 

for each of the five tasks follows. For simplicity's sake, 



where arrays are presented to illustrate the procedural 

requirements, 5 items are shown in each case. 

46 

Each task involves a prediction question following 

the displacement of the "leader" and, in three tasks, the 

physical rearrangement of the items. Each task is 

presented here on a separate page. 
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Task 1 

QUestion 1. "How many children in this team? You have to 

count the leader first." 

tJbbbb 
"Now I'm putting the leader in a different 

place in the team." 

DODD 
Q'.lestion 2. "If you still had to count the leader-first, 

could you count the children in the team with 

the leader here?" 

Question 3. "How many children were in the team when yo .... 

counted them before?" 

Question 4. "How many children would there be in the team 

if you counted them this way?" (The examiner 

indicated the new arrangement and the child's 

view was screened to stop actual counting). 

The children were asked to explain their responses. This 

qualitative data has been used to help qualify 

interpretation of results. 
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Task 2 

Question 1. "How many children in this team? You have to 

count the leader first." 

6bbbb 
"Now I'm putting the leader in a different 

place in the team." 

DO DD 
Question 2. "If you still had to count the leader first, 

could you count the children in the team with 

the leader here?" 

Question 3. "How many children were in the team when you 

counted them before?" 

Question 4. "How many children would there be in the team 

if you counted them this way?" (accompanying 

procedure as in previous task) 

Children were asked to explain their responses. 
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Task 3 

Question l.nHow many children in this team? You have to 

count the leader first." 

~bbbb 
"Let's spread the team out." 

o o o o 
QUestion 2. "If you still had to count the leader first, 

could you count the children in the team with 

the leader here?" 

QUestion 3. "How many children were in the team when you 

counted them before?" 

QUestion 4. "How many children would there be in the team 

if you counted them this way?" (accompanying 

procedure as in previous tasks) 

Children were asked to explain their responses. 
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Task 4 

Question 1. "How many children in this team? You have to 

count the leader first." 

~bbbb 
"Let's spread the team out." 

D D D D 
Question 2. "If you still had to count the leader first, 

could you count the children in the team with 

the leader here?" 

Question 3. "How many children were in the team when you 

counted them before?" 

Question 4. "How many children would there be in the team 

if you counted them this way?" (accompanying 

procedure as in previous tasks) 

Children were asked to explain their responses. 
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Task 5 

Question 1. "How many children in this team? You have to 

count the leader first." 

kJbbbb 
"Let I S spread the team ou t. " 

D D 
D 

D 
Question 2. "If you 3till had to count the leader first, 

could you count the children in the team with 

the leader here?" 

Question 3. "How many children were in the team when you 

counted them before?" 

Question 4. "How mariy children would there be in the team 

if you counted them this way?" (accompanying 

procedure as in previous tasks) 

Children were asked to explain their responses. 
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Scoring 

All scoring was done with the aid of a video

recording of all performances. According to Baroody (1984) 

the response to Question 2 of the tasks in Phase 2 provides 

evidence relevant to an "order-irrelevance rule". The 

response to Question 4 of the tasks relates to the "order

irrelevance principle". Scoring for the two questions was 

as follows. 

Rule: ("If you still had to count the leader first. 

could you count the children in the team with 

the leader here? ") 

Yes = 0 

Not sure 1 

No = 2 

Principle: ("How many children would there be in 

the team if you counted them this way? ") 

N correct 0 

N +/- 1 = 1 

N +/ - 2 = 2 

(All responses outside this range received 3 

points, as did Nil responses.) 

The points in each category were summed for each of the two 

age groups. 'l'his was preparatory to a repeated measure 
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Multivariate Analysis of Variance: 2 (age) x 2 

(rule/principle) x 5 (tasks). As it happened, h~1ever, the 

nature of the data precluded use of the Multivariate 

Analysis of Variance and a qualitative analysis was 

adopted. ThiG is elaborated in Chapter 4. 



CHAPTER 3 

RESULTS 

Introduction 

The following chapter is presented in two principal 

sections. These focus on the two hypotheses set out in 

Chapter 1 and report corresponding results from Phases 1 

and 2 of the study methodology described in the preceding 

chapter. Limitations in the type of analysis proposed for 

data relevant to Hypothesis 2 have resulted in reliance on 

more descriptive interpretation of findings. 

!,Iypothesis 1 

The first hypothesis was tested using the procedures 

outlined in Phase 1 of Chapter 2. A repeated measure 

Mul tivariate lmalysis of Variance was calculated using 

counting error as the dependent measure. This involved 

analysis across two age groups (young vs. old) of 

performance on t'.ITO separate counting procedures (control 

vs. monitoring) F.icross two scoring types· (stringent and 

tolerant) on five di.fferent array sizes (5, 7, 9, 11 and 

19). Results from this analysis (see Appendix A) indicated 

significant multivariate F ratios for main effects of age 

54 
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(F = 24.55, P = < .05), counting procedure (F = 149.24, 

P = < .05) and scoring type (F = 91.97, P < .05). 

Significance was also evident for the age x counting 

procedure interaction (F = 5.43, p = < .05) and the 

counting procedure x scoring type interaction (F = 26.61, 

p = < .05). 

Follow-up analysis involved graphic representation 

of all means for main effects and interactions where error 

rates for each array size constituted the dependent measure 

(see Ta.ble 1). This was undertaken in conjunction with 

post hoc analyses based on analysis of covariance (Bray and 

Maxwell, 1982) involved covarying preceding array sizes and 

employing age, counting procedure and scoring type 

(stringent or tolerant) as independent variables. 

In scoring counting performance it was intended to 

acknowledge stable-order idiosyncratic number tag usage. 

It was found that conventional tags were virtually 

universal up to, and including, array size 11. For the 

largest array size (i.e. 19) credit was given for stable 

tag lists consistent with the number of items actually 

counted. 

It must be pointed out that while mean counting 

errors for all array sizes are shown in Figures 1-6, the 

error rates for array sizes 2, 3, and 4 proved to be so low 



Table 1. Cell means and standard deviations for Phase 1. 

Array Size 

2 3 4 5 7 9 11 19 
X SO X so X SO X SO X SO X so X SO X SO 

~ 

Young 0 0 .06 .24 .15 .55 .44 .87 1.19 1.82 1.75 2.14 2.64 2.57 4.65 2.11 

Old 0 G 0 0 0 0 .04 .19 .41 .87 .68 1.16 1.11 1.81 2.73 2.51 

Counting 
Procedure 

Control 0 0 .05 .22 .15 .55 .45 .87 1.40 1.84 1.88 1. 79 2.81 2.31 4.48 2.00 

Monitoring 0 0 .01 .10 0 0 .03 .16 .20 .51 .55 1.55 .94 1.98 2.90 2.71 

Scorin~ 

Stringent 0 0 .06 .24 .13 .55 .40 .82 1.14 1.53 1.58 1.81 2.24 2.30 3.95 2.33 

Tolerant 0 0 0 0 .03 .22 .08 .38 .46 1.34 .85 1. 71 1.51 2.34 3.43 2.66 

Age X Counting: 
Procedure 

Young-Control 0 0 .10 .30 .30 .76 .83 1.08 2.04 2.18 2.45 1.99 3.55 2.26 5.28 1.55 

Old-Control 0 0 0 0 0 0 .08 .27 .75 1.10 1.30 1.36 2.08 2.14 3.68 2.10 

young-
Monitoring 0 0 .03 .15 0 0 .05 .22 .33 .66 LOS 2.07 1.73 2.55 

U1 
4.03 2.41 0"1 

Old-Monitoring 0 0 0 0 0 0 0 0 .08 .27 .05 .22 .15 .43 1.78 2.55 



Table l--ContinuGd 

Array Size 

2 3 4 5 7 9 11 19 
X SO X SO X SD X SO X SO X so X SO X SO 

Ag:e X Scoring: 
~ 

young-
Stringent 0 0 .13 .33 .25 .71 .73 1.04 1.60 1. 84 2.13 2.08 3.03 2.43 4.83 1.9 

Old-stringent 0 0 0 0 0 0 .08 .27 .51l .97 1.03 1.31 1.45 1.89 3.08 2.3 

Young-
Tolerant 0 0 0 0 .05 .32 .15 .53 .78 1.73 1.38 2.16 2.25 2.67 4.48 2.3 

Old-Tolerant 0 0 0 0 0 0 0 0 .15 .66 .33 .86 .78 1.70 2.38 2.6 

Counting: Procedure 
X Scoring: T:tEe 

Control-
Strir.gent 0 0 .10 .30 .25 .71 .75 1.03 1.90 1.77 2.48 1.57 3.38 2.05 4.78 1.7 

Control-
Tolerant 0 0 0 0 .05 .32 .15 .53 .90 1,79 1.28 1.81 2.25 2.45 4.18 2.2 

Monitoring-
Stringent 0 0 .03 .16 0 0 .05 .22 .38 .67 .68 1.59 1.10 1.97 3.13 2.5 

Monitoring-
Tolerant 0 0 0 0 0 0 0 0 .03 .16 .43 1.52 .78 2.01 2.68 2.8 

U1 
-...J 
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that intraindividual variance was almost O. This finding 

is clearly evident in Figures 1-6. 

Age 

The F ratios in Table 2, together with Figure 1, 

indica te that the younger subj ects made signif icantly more 

errors than their older counterparts for array sizes 5, 9, 

11 and 19. Generally, these differences increased with 

increments in array size. This peaked for comparisons when 

the a.r:ray size was 19. Surprisingly, for array sizes of 7 

the covariates combined to el imina te differences due to 

age. For all remaining comparisons, age differences were 

evident. 

TablA 2. Analysis of Covariance/Age 

----------

Array Size Covariates F p 

5 4 18.79 < .05 

7 4, 5 1.24 > .05 

9 4, 5, 7 5.02 < .05 

11 4, 5, 7, 9 6.86 < .05 

19 4, 5, 7, 9, 11 14.82 < .05 
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Figure 1. Mean counting error by age. 
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Counting Procedure 

The F ratios in Table 3 show that significant 

differences emerged for array sizes of 5 or more. Figure 2 

shows clearly that the control procedure yielded 

significantly more errors than the monitoring procedure. 

This commenced with array size 5 and increased sharply for 

array size 7. The differences widened still further for 

remaining comparisons with- the largest difference emerging 

within array size 11. 

Table 3. Analysis of Covariance/Counting Procedure 

Array Size Covariates F p 

.-----
5 4 21.54 < .05 

7 4, 5 12.65 < .05 

9 4, 5, 7 4.74 < .05 

11 4, 5, 7, 9 6.30 < .05 

19 4, 5, 7, 9, 11 6.99 < .05 

-----------------
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Scoring Type 

The F ratios in Table 4 indicate that the tolerant 

scoring condition yielded significantly fewer errors for 

array size 5, but increasing array size did not increase 

the difference. Here, as with analysis of the other main 

effects, error ra tes increased signif icantly wi th each 

increment in array size. However, differences between 

stringent and tolerant scoring conditions were not affected 

by this increase. These results are apparent in Figure 3. 

Table 4. Analysis of Covariance/Scoring Type 

Array Size Covariates F p 

5 4 13 .26 < .05 

7 4, 5 1. 80 > .05 

9 4, 5, 7 1.15 > .05 

11 4, 5, 7, 9 .25 > .05 

19 4, 5, 7, 9, 11 .92 > .05 
._--_. 
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Age x Counting Procedure 

The F ratios in Table 5 indicate that any Age x 

Counting Procedure interactions emerged for the array size 

5. As shown in Figure 4 this interaction indicates that 

the younger subjects using the control procedure scored 

substantially more errors than all other groups; the older 

subjects using the monitoring procedure scored 

significantly fewer errors than all other groups; and the 

younger subjects using the monitoring procedure scored 

slightly fewer errors than the older subjects using the 

control procedure. 

Table 5. Analysis of Covariance/Age x Counting Procedure 

Array Size Cova:-iates F p 

5 4 16.30 < .03 

7 4, 5 .10 > .05 

9 4, 5, 7 3~09 > .05 

11 4, 5, 7, 9 .07 > .05 

19 4, 5, 7, 9, 11 .29 > .05 
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Age x Scoring Type 

The F ratios in Table 6, together with graphs in 

Figure 5, indicate that when the performances of the 

younger children were subjected to stringent scoring it 

resulted in significantly more errors than for all 

remaining groups. The older subjects scored substantially 

fewer errors than all other groups when scored in the more 

tolerant manner. Tolerant scoring of the younger subjects 

resulted in slightly more errors than those evident in 

stringent scoring of the older subjects. Once again, these 

differences were evident for array sizes of 5 and were 

maintained for larger arravs. 

Table 6. Analysis of Covariance/Age x Scoring Age 

Array Size Covariates F p 

5 4 8.57 < .05 

7 4, 5 2.65 > .05 

9 4, 5, 7 .73 > .05 

11 4, 5, 7, 9 .40 > .05 

19 4, 5, 7, 9, 11 .25 > .05 
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Counting Procedure x Scoring Type 

As is evident from F ratios in Table 7 and the 

graphs in Figure 6, these results parallel those evident in 

the two previous outlines. In this instance, beginning 

with array size 5 and sustained for larger arrays, the 

control procedure combined with stringent scoring to 

produce. the most error. This was significantly greater 

than for all other combinations. The monitoring procedure, 

coupled with tolerant scoring, yielded fewest errors. 

These were slightly lower than those evident for the 

control procedure linked with tolerant scoring. 

Table 7. Analysis of Covariance/Counting Procedure x 
Scoring Type 

Array Size Covariates F p 

5 4 10.48 < .05 

7 4, 5 .49 > .05 

9 4, 5, 7 .54 > .05 

11 4, 5, 7, 9 .22 > .05 

19 4, 5, 7 , 9, 11 .06 > .05 
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Summary 1 

Phase 1 focuses on the hypothesis that the 

introduction of a monitoring p~ocedure should improve the 

ability of young children to manifest counting ability. 

This was impossible to assess for the smaller array sizes 

of 2, 3, and 4 because of minimal individual variance. 

This is evident in representations of mean error rates for 

these arrays in Figures 1-6. 

Figures 1-6 giv,= a clear indication of a progression 

of difficulty across all array sizes. Analysis of che 

larger arrays (5, 7, 9, 11 and· 19) showed that performance 

was susceptible to age, counting procedure and scoring 

type. More specifically, significant differences can be 

seen to apply across these array sizes for the interactions 

of Age x Counting Procedure and Counting Procedure x 

Scoring Type. 

Results from Phase 1 serve to confirm Hypothesis 1, 

namely that the introduction of a monitoring procedure 

would improve the ability of young children to manifest an 

implicit understanding of the "how-to" count· principles of 

Gelman and Gallistel (1978). This contention is elaborated 

in Chapter 4. 
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£Iypothes.i!l ~ 

It should be noted that the sample characteristics 

for Phase 2 remained the same as those indicated for Phase 

1. It was, however, necessary to replace four children who 

experienced some difficulty counting the array sizes in 

Tasks 1-5. 

Although it was originally proposed to use 

statistical procedures identical to those conducted in 

Phase 1, observation of the coded data indicated that in 

excess of half of the sample obtained O's on all five 

tasks. To have proceeded with the proposed Multivariate 

Analysis of Variance would have resulted in violation of 

the underlying assumptions of homogeneity of variance and 

uncorrelated scoring. It is probable that any differences 

would have been masked by the lack of intra and inter

individual variation. It was, therefore, decided to 

analyze the relevant data focusing on a combination of 

graphic and descriptive procedures. 

Analysis of Tasks 

Figures 7 and 8 represent the percentage of 

successful responses for both young and old samples on the 

critical second and fourth questions of Tasks 1- 5 in Phase 

2. These percentages are also presented in Table 8. In 
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each figure, the top line-graph represents the responses to 

Question 2 which required children to indicate whether the 

array (team) was still countable after. specific al teration. 

This is the source of evidence about the "order-irrelevance 

rule" outlined in the Scoring section of Phase 2, Chapter 

2. The bottom line-graph represents responses to the 

prediction question~ that is, how many would be in the 

array (team) if it was counted following the alteration. 

This would be the source of evidence necessary for 

attribution of the "order-irrelevance principle" which is 

also referred to in the Scoring section cited above. 

Table 8. Percentage Success Rates for Phase 2. 

Tasks 

1 2 3 4 5 

Order-Irrelevance Rule 

Young 100 70 100 70 75 

Old 90 90 90 85 95 

Order-Irrelevance Principle 

Young 25 10 5 5 5 

Old 65 50 60 55 65 

-----
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The top line-graph in Figures 7 and 8 indicates a 

high level of success for both young and old samples with 

respect to the "order-irrelevance rule" across all task 

variations. The average percentage success was 83 and 90 

respectively. The younger sample did experience some 

relative difficulty with Tasks 2, 4 and 5. These required 

the subjects to commence counting at a place other than an 

end of a linear distribution. In spite of their 

difficulties, it remains apparent that the overwhelming 

majority of all children sampled successfclly responded to 

the "order-irrelevance rule" question across Tasks 1-5. 

There is some indication of improvement with age. 

The results displayed by the bottom line-graphs of 

Figures 7 and 8 indicate a marked variation. The average 

percentage success rates for the younger and older samples 

across all tasks were 10 and 57 respectively. Apart from 

this age difference between resul ts for the "order

irrelevance principle" or prediction question, there is 

clear evidence of a decline in performance when compared 

with responses to Question 2, or the "order-irrelevance 

rule" question. Clearly the younger subjects found the 

prediction question associated with Tasks 1-5 very 

difficult. It is noteworthy that, within this performance, 

Tasks 2-5 proved even more difficult than Task 1. The 



75 

level of understanding apparent for Task 1 was clearly not 

generalized to variations in the presentation format. 

While the older sample experienced a marked decline in 

performance on the prediction question, relative to their 

results for Question 2, their responses did not seem 

particularly susceptible to Task variation. 

It must be stressed that none of the younger sample 

correctly responded to both the "order-irrelevance rule ll 

and lIorder-irrelevance principle ll questions across Tasks I

S. However, 9 of the 20 (45 percent) older children 

responded correctly in every instance. A further 2 (10 

percent) made a singl e error on the prediction ques tiona A 

marked improvement with age was very obvious. 

Of the 83 correct responses to the lIorder-

irrel evance rul ell ques tion for the younger sampl e, there 

were 10 correct answers to the corresponding prediction 

question. There were 50 responses that fell into a IIdon't 

knowll category and a further 23 were numerically incorrect. 

The 90 correct responses to the lIorder-irrelevance rule ll 

question for the older sample were followed by 59 correct 

answers to the prediction or lIorder-irrelevance principle ll 

question. Only 6 responses were classed as "don't know" 

and a further 25 were numerically incorrect. All 

numerically correct and incorrect answers for the 
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prediction question were pursued with requests for subjects 

to explain their answers. In many instances this involved 

mul tiple questions. Table 9 r-epresents a numerical 

breakdown of responses by age group. It should be noted 

that with 5 tasks and 20 subjects in each age group it was 

technically possible for 100 responses for each group. 

Table 9. Numerical Responses to the Prediction Question 

correct incorrect 

young sample 10 23 

old sample 59 25 

The post-prompting explanations for responS2S cited in 

Table 8 were categorized. These are set out in Table 10. 

Table 10. Classification of Prediction Question Responses 

young 
sampl e 

old 
sample 

. Tota1 Adequate Incomplete Nonsense Deception 

33 5(15.15%) 5(15.15%) 9(27.3%) 14(42.4%) 

84 43(51.2%) 23(27.4%) 8(9.5%\ 10(11.9%) 

The following explanations were typical of the responses in 

the four categories used in Table 10. 
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Adequate: 

"'Cos nothing's changed." 

lilt doesn't matter how you put them." 

"It's the same because you can start anywhere. " 

"It's still the same team." 

. Incompl ete: 

"It just is." 

"Everyone knows that." 

"Well, because. Just because." 
-

"That's just the way it is." 

Nonsense: 

"'Cos I've just got magic fingers." 

"My mummy tol d me so." 

"It's always like that with the leader in there." 

", Cos there are lots and I ots under there." 

"I know, but you never will. It's a secret." 

Deception: 

"You're just tricking." 

"You changed it." 

"You're doing magic." 

"I think you must be putting them in your pocket." 

It is interesting to note that only 5 of the 10 

correct responses given to the prediction question by the 

younger sample were classed as "adequate". All of these 
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were registered against Task 1. While the remaining 5 were 

still recorded as correct they may well have resulted from 

guesswork. With the older sample, 43 of the 59 correct 

responses to the prediction question w~re adequately 

explained. The credibility of the remaining 16 must be 

subj ect to the same doubt. 

Tables 9 and 10 together indicate a marked 

improvement in overall performance on the prediction 

question with increase in age. They also highlight that 

the younger sample were clearly more confused by the 

prediction question. This confusion manifested itself, in 

particular, in doubt, recourse to nonsensical responses and 

belief in tester deception. 

Summary 

Hypothesis 2 proposed that awareness of the lIorder

irrel evance principle" of counting in young children would 

not be influenced by changing the location of the 

commencement of the count or by changing the physical 

distribution of the items to be counted. It was stressed 

in Chapter 1 that attribution of the principle requires 

that the cardinal principle is honored as an integral part 

of order-irrelevance. It has, therefore, been necessary in 

Phase 2 to look at responses to Quest jon 2 (order

irrelevance rule) and Question 4 (order-irrelevance 

principle) together. 



The response to Question 2 showed some variation 

across Tasks 1-5 for the younger sample. In general it 

appeared that the request to commence counts' at a 'place 

other than an end of a linear distribution caused some 

confusion. Variation in responses for Question 2 was 

nominal for the older sample. 
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While Question 4 resulted in a marked decline in 

success for both the younger and older samples, the former 

clearly experienced extreme difficulty. Given that 

attribution of the "order-irrelevance principle" requires 

success wi th this question, the generally very poor 

response makes it almost pointless to consider Hypothesis 2 

for .the younger sample. However, it is worthy of note that 

Task 1 resulted in a 25 percent success rate for these 

children compared with percentages of 10, 5, 5 and 5 for 

the remaining 4 Tasks. There is a distinct possibility 

that guesswork may have contributed to the recorded 

"success" for Tasks 2-5 in that none of these responses was 

adequately explained. This all seems to indicate that Task 

1 was relatively less difficult than the others. It 

further suggests that young children's application of the 

"order-irrelevance principle" :may bE:! infJ,uE:!nced by the 

location of the commencement of the counting and/or the 

physical distribution of items to be counted. The 
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responses to Question 4 across Tasks 1-5 for the older 

group resulted in insufficient variation to contend that 

either location or tl1e physical distribution of arrays 

infl uenced their appl ication of the "order-irrel evance 

principle". 

The most significant finding from Phase 2 arises 

from the disparity between responses to Questions 2 and 4. 

This suggests that children understand order-irrelevance 

before they appreciate its necessary link with cardinal 

value. Figures 7 and 8 show clearly the appreciable 

development in understanding of the full "order-irrel evance 

principle" across the two age groupings in the study. The 

impl ications of this finding are explored in the following 

chapter. 



CHAPTER 4 

DISCUSSION 

Introduction 

It was stressed in Chapter 1 that speculation about 

the cognitive capacity of preschool age children should be 

based on research which focuses specifically on them. 

Compliance with this axiom made it very apparent that 

performance levels for this general age group are extremely 

fickle. Considerable care had to be taken to ensure that 

testing conditions did not result in either alienation or 

too much assistance. To that end the tester spent time 

with all children on days prior to the testing sessions 

which were all conducted in the familiar surrounds of their 

preschooJ. or day-care centers. Every attempt was made to 

minimize factors 'which' might unduly influence attention and 

performance. Even so, it was apparent that many of the 

subjects, if given the opportunity, would attempt to focus 

on perceived non-verbal cues from the tester rather than 

rely on their own task specific strategies and 

understanding. 

One of the outcomes of this study has been further 

endorsement of the Gelman et al. (1986) contention that 
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young children are extremely susceptible to task demands. 

None-the-Iess, awareness of this issue was central to the 

design and presentation of this study. 

This chapter focuses on analysis of results 

associated with Hypotheses 1 and 2 and looks at the 

possible implications for the "Gelman" view of children's 

understanding of number. The chapter also briefly 

addresses some general implications of the study. 

Hypothesis 1:. 

As indicated in Chapter 3 there was minimal error 

across both age groups under all conditions of the study 

for array sizes 2, 3 and 4. Regardless of the counting 

procedure used few children found these relatively small 

arrays difficult. There is some indication in Figures 1-6 

that the monitoring procedure of counting suppressed the 

otherwise small error rate for the younger sample for these 

arrays. However, the difference is such that no particular 

significance can be placed on it. What is of note is the 

high level of accurate counting behavior manifested by 

children in the study with array sizes 2, 3 and 4. It can 

be argued that this lends support to the Gelman hypothesis 

that young children have a sound understanding of the 

requirements of successful counting. The more credible 



evidence, however, must rest on performance with larger 

array sizes. 
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Review of Figures 1-6 indicates that under all 

conditions there was a progressive growth in error rates 

with increase in array size. While performance clearly 

declined in accuracy as arrays increased, the results do 

indicate the presence of a capacity to differentiate other 

than small quantities of items. What is of interest is 

whether this is a response to pome perceptual apprehension 

of there being more items or whether it reflects an 

increasing difficulty in applying an unsophisticated 

counting algori thm that is derived from impl ici t 

understanding of the Gelman (1978) IIhow-to" count 

principles (i.e. one-one correspondence, stable order and 

cardinality). The latter view is supported by the 

children's general tendency to use more number tags with 

increase in array size. However, much more compelling 

argument for the Gelman position can be derived from the 

results of Phase 1 of the study. 

The basic thrust of Hypothesis 1 was that the 

introduction of a monitoring procedure during counting 

would improve performance. In essence this corresponds to 

the facilitation of procedural competence as specified by 

Gelman et ale (1986). Clearly, if performance can be shown 
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to improve as a result of this type of intervention then 

the case for implicit understanding of "how-to" count 

principles is substantially strengthened. 

Before looking specifically at the results it is 

worth reflecting on the counting behavior exhibi ted in the 

control procedure. The children were allowed to use any 

counting strategy they wished. The overwhelming majority 

pointed to or touched the blocks in individual arrays. 

There was little evidence 'of subitizati'on with anything 

other than the very small arrays. This may well have been 

as a consequence of the specific request to count the items 

presented. Given this, it would not be appropriate to 

comment on Mitchie's (1984) contention that subitization 

remains a preferred algorithm for young children. While 

pointing, in particular, seemed quite spontaneous, it was 

frequently inaccurately executed with the larger arrays. 

Typical of the mistakes were a failure to synchronize 

pointing with verbal tagging, pointing to an item more than 

once, and item omission. This is consistent with Gelman's 

(1978) analysis of non-directed counting behavior. It also 

concurs wi th the Fuson et al. (1983) contention that few 

preschool age children, left to their own resources, use 

reliable strategies when dealing with numbers. 
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The monitoring procedure introduced in Phase 1 of 

the study was designed to give all children feedback on 

which items in each array they had counted. The closing of 

the lid of each box provided both a tactile and visual 

basis for confirmation that they had attended to the item. 

The imposition of this strategy resui ted in a very 

different impression of counting ability with the larger 

arrays (i.e. 5-19). This is particularly apparent in 

Figure 4 which shows the inteTaction effect between age and 

counting procedure. Both age samples improved their 

performance on arrays 5-19 ",hen using the monitoring 

procedure. When using this procedure the older group was 

able to sustain a near perfect result up to and including 

array size 11. The performance of the younger sample 

improved to surpass the older control procedure results on 

all but array size 19. The monitoring procedure clearly 

resulted in the elimination of many of the counting errors 

apparent under the control procedure. 

Gelman's research has at times been criticized for 

allowing too much tolerance in scoring performance and, 

therefore, attributing too much to her subjects (Siegler, 

1979; Sternberg, 1980). This study used both a tolerant 

and a stringent scoring procedure in response to this 

criticism. Figure 5 shows the predictible difference in 
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resul ts based on the two seor ing types. Whil e the 

different scoring types resuJ.ted in differences in 

performance across array siz es 5 -19 for each age group, 

there remains, in each instance, evidence of an overall 

progression of difficulty as array size increased. Of more 

interest is the indication in Figure 6 tha t, regardl ess of 

scoring type, the monitoring procedure resulted in 

consistently better performances. It is noteworthy that 

under stringent scoring conditions the monitoring procedure 

resulted in overall lower error rates than the tolerantly 

scored control procedure. This serves to further 

demonstrate th~ power of the monitoring procedure to help 

preschool age children demonstrate their counting capacity. 

There can be no doubt that Hypothesis 1 is 

confirmed. More particularly it can be argued that the 

counting performances of preschool age children are 

significantly influenced by the relative absence of 

rigorous and reliable counting strategies. Left to their 

own resources, their performance competence is such that it 

masks their general conceptual understanding of those 

elements of counting a.rticulated by Gelman as the "how-to" 

count principles. Her contention that young children have 

implicit understanding of these, which is all too 

frequently clouded by task demands and/or sloppy algorithms 

is strongly endorsed by this study. 
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Hypothesis £ 

Hypothesis 2 ,'las based on the contention that 

attribution of the "order-irrelevance principle" of 

counting (Gelman and Gallistel, 1978) to young children 

required that their performance was not influenced by 

changing the location of the commencement of the count or 

by changing the physical distribution of the array to be 

counted. 

It was indicated in Chapter 1 that there has been 

some confusion about the natu~e of order-irrelevance. 

Howe'v"er, the most recent literature by Gelman et al. (1986) 

serves to cl early conf irm the necessi ty for cardinal val ue 

to be maintained when items in a given array are counted in 

a different order. In spite of Baroody's (1984) contention 

that Gelman has not always been clear on this point and has 

not always tested for it, it is foremost in her 

contemporary research. This by itself, however, does not 

overcome Baroody's contention that order-irrelevance 

involves two levels of understanding. The first he calls 

an lIorder-indifference tagging scheme"; that is, items in a 

given array can be counted in any order. The second is the 

"order-irrel eva.nce principle ll as def ined by Gelman et al •• 

It is apparent from Baroody's argument that the "order

indifference tagging scheme" is a necessary, but not 
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suff icient, condi tion for attribution of the "order

irrelevance principle". It follows that he argues that the 

one skill is acquired before the other. It is the view of 

Gelman et ale that this distinction is contrived and that 

it results from test generated performance constraints. If 

Baroody is correct it must cast considerable doubt on the 

Gelman cl aim of imp I ici t understanding of the "order

irrelevance principle" by young children. The design of 

Phase 2 of this study was structured to take this debate 

into account. 

If young children who understand that items in an 

array can be counted in any order also understand that this 

has no impact on cardinal value, then it would be expected 

that responses to Questions 2 and 4 of Phase 2 should have 

reflected very similar, if not identical, success rates. 

As reported in Chapter 3, this was clearly not the case for 

either age group. Compliance with the definition of the 

"order-irrelevance principle" requires that Hypothesis 2 is 

considered with reference to performance on Question 4, 

that is the question that specifically pursued an 

understanding of the link between counting order and 

cardinal value. These results for the younger sample were 

generally very poor. The 25 percent success rate for Task 

1, however, should be acknowledged. This task involved a 
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1 inear array wi th a displ acement of the "l eader ", or 

commencing item, to the opposite end. This proved to be 

relatively easier than the other Tasks, all of which 

involved changes which resulted in counting formats that, 

arguably, were less conventional. This suggests that the 

level of understanding of the "order-irreJ.evance principle" 

which was manifest for Task 1 could not be sustained in the 

face of changes conditional for the acceptance of 

Hypothesis 2. Minimal success on one Task does not 

indica te suff icient comprehension of the "order- 1.rrel evance 

principle" to credit the 3 year old sample in this study 

with implicit understanding. 

The results for the 4 year old sample for Question 4 

indicate a markedly better understanding of the "order

irrelevance principle" than that demonstrated by the 

younger children. While performance was seemingJy not 

susceptible to Task variation, it was also noticably poorer 

than their results on Question 2. This would suggest that, 

like their younger counterparts, their understanding that 

items can be counted in any order precedes their 

understanding that this has an impact on cardinal value. 

The resul ts for the 4 year 01 ds are similar to those 

achieved by Baroody (1984) for the same age group. As 

reported in the Review of Literature, that study was 
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subject to criticism by Gelman et al. (1986) •• More 

specifically, they claimed that his prediction question, 

which is similar to Question 4 of this study, actually 

served to foster self-doubt. The poorer performance on the 

prediction question was attributed to problems with 

utilization competence rather than conceptual awareness. 

Given the acknowledged susceptibility of young children to 

task demands, it is important to look carefully at 

performance on Question 4 to assess the quality cf design, 

delivery and subject response. 

In developing the protocol for Phase 2, close 

attention was given to the research design and findings of 

Baroody (1984) a nd Gelman et al. ( 19 86) ~ Baroody sugge s ted 

that children's confidence in their own counting behavior 

could be facilitated by having to recall their response to 

an ini tiaJ. request to count an array before predicting its 

cardinal value if counted in a different order. This was 

done in Question 3 of each task of Phase 2. When 

presenting Question 4, considerable attention was given to 

tonal inflection so as not to inadvertently suggest that a 

different response was warranted. As mentioned in the 

introduction to this chapter, every effort was made to 

optimise performance conditions and to minimize subject 

reliance on perceived tester cues. Over~ll it must be 
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acknowledged that test design and delivery is a precarious 

endeavor when dealing with the age ranges used in this 

study. 

The children's responses to Question 4 need cautious 

interpretation. With the youngeI" sample it is worth 

emphasizing that, of their 83 responses to this question, 

10 were correct, 50 were "don't know" and 23 were 

numerically incorrect. It is interesting to note that the 

explanations for the numerically incorrect responses 

included 14 claims that tester deception was at play. 

There was obviously considerable uncertainty amongst the 

younger children. It is debatable whether this resul ted 

from genuine lack of understanding of the "order

irrelevance principle", from task demands or from some 

combination of both. It is probable that Gelman would 

attribute this poor performance to problems with 

utilization competence. If this was so, it was endemic for 

the 3 year old sample. If it was so, then the older 

sample showed that quite dramatic improvement could be 

expected during the next year. Of their 90 responses to 

Question 4, 59 were correct and only 6 were classed as 

"don't know". A further 25 were numerically incorrect, of 

which 10 were explained as having arisen from a tester 

trick or deception. This resul t for Ques tion 4 wa.s thus 

very much better than that returned by the younger sample. 
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In judging Hypothesis 2, it would be misleading to 

suggest that task demands cloud the reliability of results 

from Question 4. The weight of the evidence would suggest 

that credence should be given to the Baroody contention 

that children acquire an "order-irrelevance tagging scheme" 

or "order-"irrelevance principle". The problem with 

accepting the Gelman view that children have implicit 

understanding of the principle, which is masked by 

utilization and/or procedural competence, is that it 

involves the researcher in a seemingly infinite regress. 

The absence of performance which clearly demonstrates 

conceptual competence can always be blamed on methodology. 

The fact remains that it is hard to attribute understanding 

of the "order-irrelevance principle" to children who cannot 

explain their awareness. It is noteworthy that the prompt 

at the completion of Phase 2 resulted in only 5 instances 

of adequate expl ana tion of the "order- i rrel evance 

principl e" for the younger sampl e. This cl imbed to 43 for 

the older group. 

Gelman et ale (1986) have explained the growth in 

demonstrated performance as resulting from development of 

performance competence (utilization and procedural). This 

is, undoubtedly, how the differences between the two age 

samples in this study would be explained. It is obvious 
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that the results presented for consideration of Hypothesis 

2 can be subjected to considerable debate. Nevertheless it 

is maintained tha t the "order-irrel evance principl e" of 

counting is not understood to a sufficient degree across a 

variety of circumstances to warrant its attribution to 3 

year olds represented in this study. By comparison, 45 

percent {9 out of 20} of the 4 year olds sustained perfect 

understanding across all task variations. The point of 

interest is why that development takes place. The most 

easily defended position is that understanding of the 

"order-irrelevance principle" is gleaned from exposure to a 

wide variety of experiences. 

Summary 

Both Phases of this study served to demonstrate that 

the tasks asked of preschool age children greatly influence 

their capacity and/or willingness to demonstrate what they 

know. The introduction of a child-based monitoring 

procedure in Phase 1 clearly helped the children show 

signif icantly improved abil i ty wi th the Gelman "how-to" 

principles. The overall impression of their conceptual 

understanding improved quite dramatically with the 

introduction of a simple monitoring strategy that assisted 

memory. Phase 2 proved much more problematical, but the 
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results add credence to the Baroody contention that 

conceptual awareness of the "order-irrelevance principle" 

ha.s a developmental aspect rather than being implicitly 

understood as Gelman claims. If this is true then Gelman's 

overall thesis needs rethinking. 

It must be emphasized that the results for Phase 2 

are presented with some caution. If they point to anyone 

thing in particular, it is the need to look carefully at 

research design when working with very young children. 

More flexible design and analysis may provide the basis for 

a more sensitiv8 measure of conceptual awareness. 

Preoccupation with replicable format and often premature 

quantification of results may well serve to contrive 

findings which mislead the reseay.cher. It is contended 

that further research on Gelman's "o!:"der-irrelevance 

principle" is warranted and that it needs take even more 

account of the delicate and fickle world of preschooler 

performance. 



APPENDIX A 

MULTIVARIATE ANALYSIS OF VARIANCE 

RESULTS FOR PHASE 1 
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Multivariate Analysis of Variance Results for Phase 1. 

Source SS 

Main Effects 

Age 1398.31 

Counting Procedure 1735~81 

Scoring Type 393.76 

Interactions 

Age X Counting 
Procedure 

Scoring Type 
Within Age 

Scoring Type 
Within Counting 
Procedure 

Scoring Type 
Within Age X 
Counting 
Procedure 

*p = <.05. 

23.26 

8.56 

113.91 

340.26 

DF 

1 

1 

1 

2 

2 

2 

159 

MS F 

1398.31 24.55* 

1735.81 149.24* 

393.76 91.97* 

11.63 5.43* 

4.28 2.00 

56.96 26.61* 

2.14 
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