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Sophian raises the important question of what role competence models of cogni- 

tion play in the study of cognitive development. I will suggest here that there are 

at least three ways in which competence models are indispensable to our under- 

standing of children’s numerical development. Part of this discussion will also 

address an important observation made by Sophian: Children can fail on a task for 

reasons deeply relevant to their conceptual understanding, and it is therefore cru- 

cial not to simply discount a failure when children are found to succeed on another 

“equivalent” task. But children sometimes, of course, fail on a task for reasons 

quite irrelevant to their conceptual understanding or abilities. There exists a com- 

petence-performance distinction in psychology because there is a bona-fide differ- 

ence between an individual’s conceptual competence in a domain, and his or her 

performance in any particular situation. If a child fails to correctly identify which 

of two rows has “more” items because she does not understand the word “more,” 

this does not tell us anything interesting about her judgments of quantity. The task 

for developmentalists, then, is not to do away with the distinction between com- 

petence and performance, but to accurately distinguish children’s ‘relevant’ fail- 

ures from their ‘irrelevant’ ones-and their true successes from “false positives.” 

Doing so is vital to constructing an accurate picture of children’s competence- 

and in turn, to developing an adequate theory of development. 

1. “Initial State” Models of Competence 

Our goal as developmentalists is not to catalogue children’s abilities at different 

ages, but to explain the nature and origins of these abilities. This is particularly 

clear in work that attempts to characterize “initial state” levels of competence. In 

my studies of early numerical knowledge, I have proposed (Wynn 1992a, 1992c, 

1995) that a mental mechanism for representing and reasoning about number is 

part of the inherent structure of the human mind. Evidence for an innate ability to 

represent and reason about number comes from several sources. Infants are able to 

discriminate different numbers of objects, even when non-numerical attributes of 
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arrays are controlled for (Starkey, Spelke & Gelman, 1990; van Loosbroek & 
Smitsman, 1990). Infants are also able to enumerate non-object entities as widely 
varying in their perceptual attributes as sounds (Starkey et al., 1990) and physical 
actions (Wynn, 1996). Infants can also determine numerical relationships between 
small numbers of objects-they can compute the result of an addition or removal 
of an object from a small collection (Wynn, 1992a). Furthermore, infants share 
these abilities with non-human animals; many different species can also represent 
and reason about number (Gallistel, 1990; Hauser & Carey, in press). 

These facts indicate that some aspects of numerical competence exist prior to 

social, linguistic and cultural influences, and motivate a theory of the mental 
mechanisms underlying these abilities. Under one account, the “accumulator 
model” (Meek & Church, 1983; see also Gallistel & Gelman, 1992; Wynn, 1992c, 
1995), the proposed mechanism has the capacity to determine numbers of individ- 
uated entities in the world, and the representations of number that it generates have 
a structure that reproduces the magnitudinal relationships between the numbers 
themselves. For example, the representation forfour produced by the mechanism 
is itself twice as large as the representation for two. How can this “competence 
model” inform us about the subsequent development of numerical knowledge? 
The model has implications for the kinds of knowledge that will be easily 
acquired, and the kinds of knowledge that will be more difficult. While the accu- 
mulator mechanism can represent positive integer values, it cannot represent other 
values, for example negative numbers, fractions, and complex numbers. Thus, we 
can expect the development of these aspects of numerical understanding to follow 
a more extended time span than that of numerical abilities or understanding that 

are supported by the mechanism. 
There is evidence for this, both in the acquisition of knowledge by children and 

in the historical development of mathematics. Gelman, Cohen, and Hartnett 
(1989) show that school-age children have extensive difficulties in conceiving of 
fractions as numbers in their own right. Children, even in advanced grades, persist 
in attempting to construe fractions as representations of integer values. Histori- 
cally, the earliest-developed physical representations for numbers were systems 
for representing positive integer values (Schmandt-Besserat, 1987) and in the his- 
torical development of mathematics, positive integers were the first accepted kind 
of numerical entity. Other numerical entities (such as zero, negative integers, and 
Real numbers) were much later developments, their complex and often very grad- 
ual emergence into mathematics involving much controversy before their accep- 
tance was achieved (see, e.g., Kline, 1972). 

There are other major conceptual developments in representing and reasoning 
about number. The counting system itself-the number words of a language, and 
the way in which they are used in counting to determine the numerosity of a col- 
lection of items-represents number very differently from how the proposed 
innate mechanism represents number. As stated above, the mechanism yields mag- 

nitudinal representations of number. This is what allows for numerical compari- 
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sons and co~pu~tions by infants (and other animals). The linguistic counting 

system, on the other hand, represents numbers ordinally; the position of a ward in 
the number word list determines the numerosity it represents. This suggests that 

learning how the counting system represents number will not be a trivial pro- 
cess-in arder to learn the counting system and the meanings of the number 
words, children have to map their own magnitudinal representations of number 
onto the ordinal representations inherent in linguistic counting. Indeed, in several 
studies (Wynn, 1990, 1992b), I found that children’s acquisition of the number 
words and the counting system is quite protracted. 

2. Competence MdeIs of a Given Point in ~~~~1~~~~~~ 

While especially clear with regard to initial states of volition, the competence- 
performance distinction is necessary to characterize abilities at any age. This dis- 
tinction is needed to account for children’s abilities, even when their understand- 
ing is very different from that of adults, and thus, contrary to what Sophian 
suggests, competence models are not restricted to identifying points of similarity 
between child and adult knowledge. 

In a series of cross-sectional and longitudinal studies, I examined 2- and 3-year- 
olds’ acquisition of the counting system (Wynn, 1990, I992b). In order to distin- 
guish true successes from “false positives” and conceptual failures from perfor- 
mance ones, I examined performance across a range of tasks that varied in their 
performance demands but tapped the same conceptual knowledge, as welt as tasks 
that had the same ~~o~~~e demands but tapped different conceptual capaci- 
ties. The finding that emerged from these studies was that children’s acquisition of 
the number words and the counting system is a lengthy and complex process. 
Across a variety of counting tasks, children were able to count sets of items suc- 
cessfully-when asked to count physical objects, actions, and sounds, even the 
youngest children could do so. When asked “how many” following counting, 
some of even the youngest children answered by giving the last number word they 
had used in their count. These behaviors have sometimes been taken as indications 
of “counting competence”--of an understanding of what counting is about (deter- 
mining number) and of how it works (the last word used in the count signifies the 
number of the items counted). 

Yet in other tasks designed to test for the same ~owledge, these same children 
failed. When asked to “‘give Big Bird” a particular number (from 1 to 6) of toy ani- 
mals from a pile (the “Give-a-number” task), many children did not count when 
responding, and so typically gave an incorrect number. However, when asked to 
“give Big Bird some pigs,” they easily did so, indicating that they could meet the 
general task demands of (a) constructing a subset of the pile according to the spec- 
ifications of the experimenter, and (b) give that subset to someone. Similar results 
were found in the “Point-to-x” task: When asked to identify which of two pictures 
contained a particular number of items, most children did not count the items in 
the pictures, and failed to identify the correct one more often than chance--even 
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though they were able to identify which picture contained items of a particular 

color, a control condition included to ensure that children could meet the perfor- 

mance demands of comparing two pictures to identify which satisfies a specified 

condition. How can we make sense of this pattern of apparently conflicting fail- 

ures and successes? 
An analysis of individual children’s performances revealed a strong consistency 

in children’s strategies to the “Give-a-number” and “Point-to-x” tasks. Typically, 

individual children either counted on none of the trials of either task, or on virtu- 

ally at1 the trials of both tasks. In the “Give-a-number” task, children who never 

spontaneously counted could count the handful of items they had given when 

explicitly asked to count them to “make sure” of their answer, but they did not 

relate the result of their count to what they had been asked to give. Moreover, in 

the longitudinal analysis of Wynn (1992b), it was found that individual children 

initially responded in this “non-counting” way consistently, and then at some point 

changed their behavior in several respects-not only (a) using counting in their 

responses to hot/z the Give-a-number and Point-to-x tasks, but also (b) spontane- 

ously using counting to check their Give-a-number responses, and (c) being able 
to use the result of a count to determine what do to next-add more items if the 

count came up short, remove some if the count yielded an excess. 
These facts suggest that young children do not appreciate the way in which 

counting determines number, despite their early ability to accurately perform the 

counting routine. This in turn suggests that we should find subtle differences in 

some aspects of children’s successful counting performance between those chil- 

dren who did (putatively) understand the counting system, and those who did not. 

Analyses in Wynn (1990) revealed that, when asked a “how many” question fol- 

lowing counting, children who counted in the Give-a-number task distinguished 

between correct and incorrect counts-they were three times as likely to reply 

with the last word used in the count when asked “how many” after a correct count 

(84%) than they were after counts in which they had erred (28%) showing that 

they understand the relationship between accuracy of counting, and likelihood that 

the last word in the count indicates the number of items counted. In contrast, the 

other children gave “last-word” responses equally often (about 25%) after correct 

and incorrect counts. 
These findings support the following conclusions. Young children’s ability to 

count correctly, and to give the last word of the count when asked “how many” fol- 

lowing counting, are “false positives” as regards their conceptual understanding of 
counting-how counting determines number. Their consistent failure across a 

range of tasks aimed at tapping the same conceptual knowledge, but entailing dif- 

ferent procedures and embodying different task demands, is evidence that these 

failures are “genuine” ones that reflect a lack of conceptual competence. Similarly, 

children’s later success, appearing at the same time across all these tasks, indicates 

that it reflects a newly-attained conceptualization of counting. 
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Nonetheless, children’s ability to accurately count entities as diverse as objects, 

actions and sounds, even at the earliest stages of learning to count (Wynn, 1990), 
suggests that even 2-year-olds have an abstract, generalizable representation of the 
counting routine, one which goes beyond the situation-specific characteristics of 

particular examples of counting they have encountered. This early development of 
an abstract representation of counting may be due to more general biases or pre- 
dispositions that interact in ways that facilitate mastery of the counting principles 

(see Shipley & Shepperson, 1990). 
The diverse and complex pattern of successful and unsuccessful performances 

on the variety of tasks above is only comprehensible when viewed within a frame- 
work that distinguishes between per$ormance on counting, and conceptual under- 

standing of counting. 

3. Competence Models as Explanations for Developmental Change 

Finally, we need competence models of the final, adult level of competence. With- 
out an understanding of where development is going, it will be impossible to 
develop a theory of developmental change. In fact, as the example below shows, in 
many cases a model of adult competence can explain the actual mechanisms of 
developmental change. 

Consider the question of how children do learn the number words and counting 
system, given that the counting system represents number differently from chil- 
dren’s initial enumeration mechanism. We cannot look to the initial mechanism 
for a full answer, precisely because the counting system goes beyond this initial 
mechanism. But the “initial state” competence model does have certain implica- 
tions. Children already possess an ability to precisely identify small numerosities, 

and therefore, we might expect children to be able to learn words for these numer- 
osities prior to understanding the counting system. We should expect children to 
be unable to learn the meanings of larger-number words until they learn how the 
counting system represents number, because counting provides the sole means of 
accurately quantifying these numbers. 

Another competence model is relevant at this point. It has been proposed that, as 
part of our understanding of language, adults possess implicit knowledge of syn- 
tax-semantics correspondences that allows us to use linguistic cues to infer some 
aspects of a word’s meaning. There is considerable evidence that, in numerous 
domains, children too are able to exploit knowledge of a word’s syntactic proper- 
ties to infer aspects of its meaning (Bloom, 1994; Gleitman, 1990). It may be that 
children can infer that a word picks out some specific, absolute quantity of discrete 
individuals (i.e., that it is a number word) if that word occurs in certain linguistic 
contexts and not in others (Wynn, 1992b, Bloom & Wynn, in press). 

Analyses by Bloom and Wynn (in press) show that children are sensitive to the 
syntactic properties of number words that indicate they pick out absolute quanti- 
ties of discrete individuals; these aspects of number word syntax are evident both 
in the adult input children receive, and in children’s own speech. If children pos- 
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sess implicit knowledge of these syntax-semantics correspondences, then, this 

may give them an understanding of the semantic class to which number words 

belong. The longitudinal study of Wynn (1992b) provides evidence for this 

hypothesis, revealing the following pattern of acquisition. Children first learned 

the meaning of the word “one,” then learned which numerosity “two” picks out, 

followed by learning which numerosity “three” identifies. Then, they simulta- 

neously acquired the precise meanings of the higher number words within their 

counting range-and did so at the same time that they showed evidence of acquir- 

ing an understanding of how the counting system represents number. However, 

prior to knowing the precise meanings of any of the number words beyond “one” 

(and perhaps even before this), children already knew that the number words each 

pick out a specific, unique numerosity-they just did not know which word picks 

out which numerosity. That is, prior to acquiring an understanding of the linguistic 

counting system, children know just those aspects of the meanings of number 

words that are conveyed through their linguistic properties. 
In this case, the model of competence not only characterizes children’s knowl- 

edge (i.e., children possess an understanding of syntax-semantics correspon- 

dences) at a particular point in development, but actually predicts and explains the 

path of development (i.e., explains how children acquire an understanding of the 

number words). In some cases, then, competence models are indispensable in 

accounting for developmental change itself. 
I have argued above that competence models of cognition are indispensable for 

an accurate understanding of development. They are not only compatible with 

genuine developmental change, but in some cases can actually explain mecha- 

nisms of development. However, this does not diminish Sophian’s broader claim 

that, only by examining the reasons for children’s failures as well as their suc- 

cesses, can we obtain an accurate picture of development. 
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