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The structure of early counting competence

ROBERTA A. FERRARA and TERENCE TURNER
University of Kentucky, Lexington, Kentucky

(Robert F . Lorch, Jr., Sponsor)

This research examined the structure underlying preschoolers' knowledge of counting. Factor
analysis indicated that three first-order factors and one higher order factor accounted for 57 %
of the variance in performance on a variety of counting tasks. The results are consistent with
a model of early number competence that has three basic components: (1) a verbal component
involving knowledge of the conventional number-word sequence, (2) an action component involv­
ing knowledge of tagging behaviors in object-counting procedures, and (3) a contextual compo­
nent involving knowledge of the basic goals and uses of counting.

Over the past two decades, there has been a great deal
of research on early number competence (for reviews, see,
e.g., Fuson & Hall, 1983; Gelman & Gallistel, 1978; Sie­
gler & Robinson, 1982), yet there has been relatively little
attention paid to the structure that underlies thiscompetence .
Various number concepts and procedures have been exam­
ined in isolation, with scant regard for how this conceptual
and procedural knowledge might be organized in the young
child 's mind . Researchers who assume a nativist position
have tended to study various aspects of object counting (e.g. ,
Gelman & Meek, 1983). Others who lean toward a leam­
ing position have focused more on verbal counting proce­
dures in the absence of actual objects (e.g ., Fuson & Hall,
1983). The present article investigates how these different
types of knowledge relate to one another.

It has been claimed that student's knowledge of counting
has a substantial impact on their responsiveness to begin­
ning mathematics instruction (e.g., Baroody & Ginsburg,
1982). Perhaps the earliest mathematical strategy commonly
exhibited by children is a physical modeling procedure
(Carpenter & Moser, 1982). That is, many young children
frequently attempt to act out or model addition problems
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by making sets of fingers or objects equal in size to the
addends, and then counting all of the objects in the com­
bined superset. The purpose of the present study was to
assess counting knowledge and skills that might be consid­
ered prerequisites for learning a physical modeling strategy
and to detennine the structure that underlies thisknowledge.

Perhaps the most obvious type of knowledge needed to
implement a physical modeling procedure is knowledge of
the number-word sequence up through the number cor­
responding to the sum . Therefore, a simple rote counting
task (i.e . , "count as high as you can ") was included in
the assessment to determine the length of the children's
conventional number-word sequence. As further indications
of the automaticity of this sequence and the strength of as­
sociations between numbers in the sequence, the children's
abilities to count on and count backward from certain num­
bers were assessed . According to Fuson and her colleagues
(e .g . , Fuson, 1982; Fuson & Hall, 1983), these abilities
also reflect more advanced conceptions of the number se­
quence than that indicated by counting forward from one.

Aside from such basic number sequence knowledge, a
physical modeling procedure requires the ability to count
objects, which according to Gelman and Gallistel (1978)
involves the application and coordination of at least three
principles: (1) the one-to-one principle that every object
in an array must be associated with one and only one unique
tag, (2) the stable-order principle that counting tags must
be stated in the same order across counts, and (3) the cardi­
nal principle that the last tag in a count sequence repre­
sents the numerosity of the array of objects. (The word
tag has been used here, rather than the term number-word ,
because knowledge of these principles is typically exam­
ined independently of knowledge of the conventional num­
ber word sequence, and occasionally very young children
do not use number words exclusively while counting.) Use
of the three "how-to-count" principles was assessed in the
context of counting linear arrays of objects. The methods
were adapted from the work of Gelman and others (e.g.,
Baroody & Price, 1983; Gelman, 1980 ; Gelman & Gal­
listel , 1978; Gelman & Meck, 1983).
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Additional tasks were included to assess further skill and
flexibility in counting sets: (1) a task to examine knowl­
edge of the order-irrelevance principle (Gelman & Gal­
listel, 1978) that items in an array may be tagged in any
order as long as the other counting principles are not vio­
lated, (2) a task in which spatially separated subsets were
counted "altogether" as an indication of knowledge of the
concept of superset, and (3) a task in which random ar­
rays, rather than linear ones, were counted in order to as­
sess more advanced application of the one-to-one princi­
ple (since random arrays require more sophisticated skills
for partitioning counted from uncounted objects). Although
these three additional kinds of abilities were not seen as
absolutely essential to the acquisition of the physical mod­
eling procedure, they were examined here because it was
thought that possessing these abilities might reduce difficul­
ties in mastering the strategy.

All of the object-eounting tasks mentioned above involve
array s of objects presented by the experimenter. Physical
modeling, however, involves the generation of a certain
number of objects by the child. This requires the child to
maintain in working memory the prespecified number while
counting out the objects and to compare continually the
current number being counted with the prespecified num­
ber . It also requires that the child understand the utility
of counting in achieving the goal of accurate set forma­
tion. Thus, this subprocedure was examined directly by
requesting that the child make sets of various sizes.

Finally, the child 's knowledge of written numerals was
also assessed , because the use of numerals as notational
devices could alleviate the demands placed upon working
memory by physical modeling.

There are thus several early number abilities that would
be expected to facilitate the acquisition of a physical mod­
eling strategy . These abilities have previously been inves­
tigated in isolation, but not in concert. The present study
examined their underlying factor analytic structure.

Method
Subjects. The subjects were 63 children from five daycare centers and

nursery schools in a small city in the Midwestern United States. Ages
ranged from 3 years 6 months to 5 years 3 months (M = 4 years 6 months.
SD = 5 months) . There were 31 boys and 32 girls.

Materials and Procedure. Each child was tested individually. Two
sessions , each 15-30 min in length, were required to complete the test­
ing of each child. At the beginning of the first session, the child was asked
to help the experimenter teach a small male Cabbage Patch doll how to
count. This pretense was used in order to set the tasks within a game-like
context that would be motivating for preschoolers. The tasks were then
presented to the child using a standardized set of instructions.

Eleven subtests were administered across the two sessions. These sub­
tests were arranged in different orders according to a Latin-square de­
sign. These orders of presentationwere assigned to the children in a rotating
sequence (i.e ., the first child received Order I , the second child got
Order 2, and so on). The subtests were briefly described in the introduc­
tion of this paper and are listed here (details of procedures and tests can
be found in Ferrara, 1987): (1) rote counting (length of conventional num­
ber sequence when asked to " count as high as you can" ); (2) counting
on (from numbers other than I, i.e. , starting a count with 4, 6, 9, 12,
and 20); (3) counting backward (from 4, 6, 9, 12, and 20 to I);
(4) numerals (recognition of the written numerals 4, 6, 9, 12, and 20).
For the following tests, the subject was presented with a number of blocks:
(5) counting linear arrays of blocks-the children were presented with

five homogeneous arrays of blocks glued in linear arrangements to fiber­
board. The arrays varied in numerosity; thus, 4 blocks were presented
first, followed by 6, then 9, then 12, and finally 20 blocks. The spacing
of blocks remained constant across numerosities. In one task, each sub­
ject was asked to count the number of blocks and given three separate
scores (a, b, and c below). In a separate task, the child was asked to start
counting with a specific block in the middle of a row, yielding an order ­
irrelevance measure (d below): (a) one-to-one correspondence between
numbers and objects counted, (b) stable order of numbers across counts­
the stability of order was judged by comparing the order for one numer­
osity (e.g., 4) with that of the next highest (i.e., 6; note that only four
such comparisons could be made with the five numerosities), (c) cardi­
nality ("How many?" ), (d) order irrelevance of tagging; (6) superset con­
cept (the counting of spatially separated arrays of blocks: " How many
altogether?"); (7) counting random arrays of blocks (the blocks were ran­
domly scattered over the fiberboard , instead of being arranged in linear
arrays); (8) making sets of blocks (generating specified numbers of ob­
jects i.e ., selecting from a box of blocks 4 , 6, 9 , 12, and 20 blocks) .

Numerosity was varied within all tasks except rote counting and
numerals. The five numerosities were always 4, 6, 9, 12, and 20 , pre­
sented in that order. For example, in the counting-on task, each child
was asked to count starting with 4 , then to count starting with 6, and so
on, to yield five separate measures of counting-on skill. For tasks 5-7,
a child could receive credit in spite of deviations from the conventional
number word sequence, as long as he or she used a particular word se­
quence (e.g., "I, 2, 4 , 5, .. ." ) consistently in the task.

Results and Discussion
The measures of counting competence were highly reli­

able. Interobserver agreement was 93.7% (kappa = .86).
In addition, Spearman-Brown split-half coefficients of reli­
ability ranged from .79 to .97 for all of the tasks except
one (it was .52 for the random-arrays task).

The means of the 11 subscores , and their intercorrela­
tions, are shown in Table 1. In order to investigate the
structure underlying the measures, the total scores for each
task were submitted to a maximum likelihood factor anal­
ysis. Three factors had eigenvalues greater than 1.0, and
together they accounted for 57% of the variance . When
these three factors were subjected to an oblique rotation
(direct quartimin), a relatively clear structure emerged, as
indicated in Table 2.

The first factor explained nearly a third of the variance
(29%) and was defined by four subtests: counting back­
ward, rote counting, counting on, and numeral recogni­
tion. Factor 1 appears to measure primarily the children's
knowledge of the conventional number-word sequence, and
it will be referred to as the verbal component of counting,
because it reflects mainly knowledge of what one says when
counting .

A second factor accounted for an additional 16% of the
variance in overall performance. Subscores for cardinal­
ity, stable order , and the superset concept loaded mainly
on this factor. The making-sets subscore also loaded on
this factor (with small loadings on the other factors as well).
Factor 2 seems to reflect knowledge related to the contexts
in which counting occurs, in determining the sizes of sets
and supersets, in making sets of specific sizes, and so on.
It will thus be referred to as the contextual component of
counting. (One might have expected the stable-order sub­
score to load instead on the verbal factor. However, the un­
derstanding that number words must be stated in a stable
order is, of course, different from the understanding that
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Table 1
Intercorrelation Matrix and Means for the 11 Counting Subscores

Subscore Mean RC CO CB 00 SO CA 01 SS RA MS

Rote Counting 30.41
Counting On 2.68 .51*
Counting Backward 1.54 .68* .67*
One to One 4.25 .26 .33* .37*
Stable Order 3.84 .19 .26 .24 .04
Cardinality 4.27 .26 .39* .28 .18 .56*
Order Irrelevance 4.73 .15 .23 .24 .43* . 10 .15
Superset 4.84 .15 .30* .22 .08 .51* .28 .15
Random Arrays 2.84 .34* .41* .50* .51* .31* .42* .24 .21
Making Sets 3.32 .48* .53* .56* .45* .43* .64* .25 .32* .59*
Numerals 3.16 .40* .60* .63* .37* .39* .43* .17 .32* .47* .57*

Note-N = 63. Total score for rote counting was the highest number said in conventional sequence. Total score for
all other subtests involved one point for each of the five numerosities responded to appropriately. Thus , the maximum
total score was 5.0 for every subtest, except rote counting (no maximum; observed range was 8-150+ ; median was
19) and stable order (maximum = 4.0) . *p < .0 1.

they must be stated in a conventional order. Stability of order
is relevant to demands of internal consistency, whereas con­
ventionality is essential to achieve external consistency.) The
third factor explained a further 12% of the variance andwas
defined primarily by demonstration of the one-to-one prin­
ciple. The order-irrelevance and random-arrays subscores
also showed modest loadings on Factor 3 (although the lat­
ter loaded on the other factors as well). This third factor
appears to involve performance aspects of object counting,
such as the coordination of number words with tagging
gestures, the partitioning of tagged objects from untagged
ones, and flexibility in the order of tagging. Thus, Factor 3
will be referred to as the action component of counting .

The intercorrelations among the rotated counting factors
ranged from .32 to .52, which suggested the existence of
a higher order or general factor for early counting ability.
In order to investigate this possibility, a maximum likeli­
hood confirmatory factor analysis was conducted using US­
REL (Joreskog & Sorbom, 1984). The first model tested
had three first-order factors and one higher level factor on
which each lower level factor loaded. It also specified that
each subtest loaded on only one first-order factor. This

Table 2
Factor Loadings of the 11 Counting Subscores

Factor

I 2 3
Subscore Verbal Contextual Action

Counting Backward 1.00* -0.13 -0.01
Rote Counting 0.72* -0.02 -0.03
Counting On 0.60* 0.17 0.06
Numerals 0.46* 0.28 0.14
Cardinality -0.09 0.85* 0.06
Stable Order -0.02 0.73* -0.09
Superset 0.06 0.44* -0.02
Making Sets 0.22 0.55* 0.27*
One to One -0.08 -0.11 1.00*
Order Irrelevance 0.04 0.02 0.42*
Random Arrays 0.21 0.28 0 .38*

Note-N = 63. The starred (*) loadings are those that were free to vary
in the final LISREL analysis (except for the one loading per factor that
was set to 1.0 to scale the factor), and the unstarred are those that were
set equal to zero.

model fitted the data reasonably well [x1(42 , N = 63) =
52.99, p = .12]. We also tested a second model that was
the same as the first except that one subtest (making sets)
was allowed to load not only on the contextual factor, but
also on the action factor . The nature of this model is shown
in Table 2. This model had a root mean square residual of
0.08 and fit the data well [x1(41, N = 63) = 42.83, p =
.39]. The improvement in fit over the first model was sta­
tistically significant [x1(l , N = 63) = 10.16, p < .005].
The USREL estimates of the loadings of the first -order fac­
tors on the second-order factor ranged from .66 to .89.

With such a small sample size, it would be improper to
give much weight to these tests of significance. However,
we are inclined to accept the second model because it seems
more justifiable theoretically. The task of making sets (un­
like the other subtests) involves at least two types of count­
ing knowledge-in particular, knowledge of the uses of
counting and procedural knowledge involving the tagging
of items in one-to-one correspondence with number words
either during or after set formation.

The fit of the model proposed here was also tested against
counting data independently collected in another project
examining determinants of individual differences in young
children's responsiveness to early mathematics instruction .
A second-order maximum-likelihood confirmatory factor
analysis was conducted using USREL, in which an attempt
was made to fit simultaneously the data sets from both ex­
periments to the second model described above. This model
fit the data well [x 1(77, Ns = 63 and 37) = 64.37 , P =
.85]. The root mean square residual was 0.14. (See Fer­
rara, 1987, for more details .)

A Structural Model of Counting Competence
In brief, the proposed model has three interactive com­

ponents: verbal competence, action competence, and con­
textual competence . These three aspects of counting in their
simplest form might be referred to as knowledge of (l) what
one says, (2) what one does, and (3) when and why one
speaks and acts in certain ways while counting.

The verbal component of counting includes both concep­
tual knowledge of the conventional number-word sequence
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and procedural knowledge for planning and executing pro­
ductionof the sequenceor specific segmentsof that sequence
(Fuson & Hall, 1983; Fuson, Richards, & Briars, 1982).

The action component of counting involves the perfor­
mance aspects of object counting-specifically, the coor­
dination of tagging behaviors with number words. Gelman
(e.g., Gelman & Gallistel, 1978) has claimed that a num­
ber of principles guide these behaviors, including the fol­
lowing: (I) the one-to-one principle that every object must
be tagged with a unique number word, and (2) the order­
irrelevance principle that the sequence in which objects in
an array are tagged is unimportant. To execute properly
these tagging behaviors, children must not only possess the
conceptual knowledge just described, but also procedural
knowledge for demonstrating these concepts. In particu­
lar, they must know how to keep track of which items have
already been tagged.

Counting occurs in a variety of contexts, each with its
own set of goals and necessary preconditions (Fuson &
Hall, 1983). The contextual component of counting in­
cludes conceptual knowledge of these contexts. Procedural
knowledge associated with the contextual component in­
volves methods for determining initially what context is
relevant to the task and whether all necessary precondi­
tions pertaining to that context have been met. It also in­
volves methods for determining when the goal has been
achieved . See Ferrara (1987) for further discussion of this
model and a comparison of it to another model proposed
by Greeno, Riley, and Gelman (1984).

Implications for Development
There is currently debate among researchers in this area

regarding the existence of implicit principles that guide
and constrain early development (as in the cognitive de­
velopment literature in general) . Most notably in the
"principles" camp are Gelman and her associates (Gel­
man, 1980; Gelman & Gallistel, 1978; Gelman & Meek,
1983). Several other researchers, however, believe that
the young child does not bring implicit principled knowl­
edge to the acquisition of counting skills. Instead, it is
claimed that counting and other numerical skills are rote
learned by a process of imitation, associations, and so on
(e.g ., Fuson & Hall, 1983; Siegler & Shrager, 1984).

The present model of counting competence suggests a
compromise position. Researchers in each camp have
chosen to study phenomena that happen to support their
positions. Those associated with the learning position have
tended to study the development of number-sequence
knowledge (Fuson & Hall, 1983)and number facts in addi­
tion (Siegler & Shrager , 1984). In the present model, this
type of knowledge is associated with the verbal component
exclusively . In contrast , Gelman and other proponents of
the principles position have tended to emphasize the de­
velopment of object-eounting competence, with a focus on
demonstration of one-to-one correspondence, cardinality,
number-sequence stability, and irrelevance of tagging

order. In the present model, these abilities load on the ac­
tion and contextual factors only. Thus, it is possible that
both views are partially correct and that a compromise po­
sition is most appropriate. Development of the verbal com­
ponent of counting may be guided primarily by general
principles of learning and a generalized tendency toward
external consistency in the form of conventionalized be­
havior (Braine & Rumain, 1983). However, development
of the action and contextual components of counting may
be guided by implicit domain-specific counting principles
to which further knowledge will be assimilated.
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