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For this study of the organization of cognitive abilities and gender differences in young

children advanced in mathematical raasoning, pazents identified 778 preschoolers and kin-
dergartners. After screening with 2 arithmetic subtests of sandard intelligence tasts, 310 high
scorers (55% boys) were given 15 additional measures, Mean performance of these high
scorers en alf standardized measures was 1 to 2 standard deviations above the mean of the
norming samples. Boys scored higher on 8 of 11 quantitative measures, 0 of 3 verbal
measures, and 1 of 3 spatial measures, including quantitative and spatial working memory
span. Three factors (quantitative, verbal, and spatial) were modeled using confirmatory factor
analysis; patierns of relationships were similar for older and younger groups and for girls and
boys. Spatial and quantitative factors were highly correlated; the verbal factor correlated

weakly with the odiers but showed a sronger relationship with the spatial factor for boys than
gids.

D. Abbott, Virginia W. Berninger, and Julie Busse

The early discovery of talent is the first step toward
“nurturing and expanding it. Talent in mathematical reason-
ing is highly vaiued and is basic 10 many career paths,
especiaily those leading to science and technology. Yet few

investigators have attempred discovery of mathematical pre-.

cocity in young chitdren, nor have they examined domain
specificity, the retationship of other cognitive abilities 1o
mathematical reasoning, or possible gender differences in
this domain in the very young. _
For older students who reason well mathematically and
verbally, annual regional talent searches (Stanley, {000)
now involve around 160.000 seventh graders with academic
aptitude measures. namely, Scholastic Aptitude Test (SAT)

and American College Test (ACT) scores. A number of

studies of gender differences and copnitive abilities related
to advanced mathematical reasoning (e.g., Benbow, 1988;
Benbow. Stanley, Kirk. & Zonderman. 1983: Cusey. Nut-
tait. Pezaris. & Benbow, 1995; Dark & Benbow, 1990,
1991: Stanley, 1990) have been conducted with this age
group.

A few studies of math-advanced elementary schooi chil-
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dren (Assoutine & Lupkowski, 1992; Lupkowski-Shoplik,
Sayler. & Assouline, 1993; Mills, Ablard, & Stumpf, 1993;
Stanley, 1994) have encouraged earlier identification, and,
indeed, some of the regional talent searches now invoive
fifth and sixth graders using tests such as PLUS, adminis-
tered by the Educational Testing Service, and EXPLQORE.
administered by the American College Testing Bureau.
Math-talented children younger than 10 years of age have
fargely been ignored, and issues of gender difference and
relationships among cognitive abilities are unexplored in
this group. This study is, we believe, the first to target
math-advanced children identified as early as preschoot and
kindergarten, We examined relationships among mathemat-
ical, verbal. and visual-spatial abilities. as well as gender
differences in performance in this group of young math-
advanced children. '

Individual Differences in Mathematical Development

Within the extensive literature on the early acquisition of
mathematical skills. nearly all research has focused on the
typical pace and sequence of skill acquisition, 1o the exclu-

‘sion of individual differences other than those abeled dis-

abilities. The few exceptions have examined differences in
strategy use {e.g., Geary & Brown, 1991; Romberg &

~ Collis, 1987 Siegler. 1988, 1991; Siegler & Cumpbeil.

1990) but not rate of development. accompanving nonmath-
ematical cognitive skills, or, with few exceptions (Geary,
1994}, possible gender differences in any of these. Individ-
val differences related to gifiedness in mathematics have
largely been ignored.

Some individual differences in children’s stratepy use are
evident by first grade (Siegler. 1988, 1991. 1995). Nearly ali
beginners use multiple strategies of varving effontfuiness
and accuracy, but with experience. most children shift to
retrieving facts from memory (Siegler. 1991} gifted chil-
dren more frequently use retrieval strategies than do average
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peers (Geary & Brown. 1991). Siegler (1988) described
strategy use in three subtypes of first graders: pood students,
not-so-good students, and perfectionists. The perfectionists
had higher standards and did much more checking than the
other two groups, ¢ven though they performed as well and

could rewrieve number facts from memory as well as the
good students,

Domain Specificity in Precocious Young Children

Although mathematical precocity has not previously been
studied in groups of very young children, very early ad-
vancement in other domains has been shown 1o be identi-
fiuble, specific, and stable. For exampie. one group of
toddlers with precacious language was accurtely deseribed
by parents and, over a peried of 5 years, remained verbally
advanced (Crain-Thoreson & Dale, 1992; Dale, Robinson,

& Crain-Thoreson, 1995; Robinson, Dale, & Landesman.

1990). Another group of young children, ages 2~5 years,
identified by their parents as advanced in general ability or
_in specific domains was. as a group, highly capable {mean

1Qs about 135). Only in domains in which parents had -

explicit mental norms was their domain-specific informa-
tion congruent with children’s performance on standardized
measures such as the reading subtest of the Peabody Indi-
vidual Achievement Test (FIAT: r = 55, n = 236). Parents’
descriptions of children's early math abilities were more
weakly correlated with math scores on the PIAT (r = .34,
n == 193). As a group, the children remained advanced over
a period of 2-5 years (Robinson & Robinson, 1992}, The
question remains open, however, as to whether children
advanced in mathematics ability will be equaily advanced in
other cognitive domains or will show a degree of differen-

tiation in mathematics as a specific ability (Lubinski &
Humphreys, 1990). :

Gender Differences in Mathematical Development

A sizable amount of literatre (and sizable controversy)
exists conceming gender differences in. mathematics. In
general, girls have been found to attain higher grades be-
ginning in the primary years, although boys tend to do beuer
on novel tasks (Kimball, 1989). By high schoel. differences
in performnance consistently favor boys (Hedges & Nowell,
1995; Hyde, Fennema, & Lamon, 1990). Among mathermat-
ically precocious youth (e.g.. Benbow. 1988, and accompa-
nying commentanies), striking gender differences are evi-
dent at the upper ranges. National samples of persons from
eighth grade to young aduithood demonstrate higher vari-.
ances in boys than girls in most cognitive test scotes; boys
are consistently overrepresented in the upper extremes in
mathematics, representing small mean differences com-
bined with small 1o moderate differences in variance (Hed-
ges & Nowell, 1995), . :

Much less is known about gender differences among
young children identified as precocious in mathematical
development. Mills et al. (1993), examining a sampie of
academically talented students in Grades 2-6, found boys
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performing higher as early as second grade in application of
prealgebraic algorithms and tasks involving mathematical
concepts and number relationships but not on  task requir- -
ing judgment as the adequacy of information. Swuniey
(1994) reported similar differences for fifth and sixth

Eraders.

Spatial Ability and Mathematical Precocity

Spatial ability clearly relates to at feast some forms of
mathematical reasoning. Whether spatial visualization abii-
tties are needed for very advanced mathematical reasoning
has been cailed into question (Lubinski & Humphrevs,
1990), but the spatial-mathematical synerpy during the
school years has not. (k should be noted. however, that
Friedman, 1989, 1995, questioned whether spatial skills
play as important a role as they have been accorded, espe-
cially in the face of higher correlations between verbaj and
mathematical skills.) Boys are more likely 10 use spatial
strategies even when dealing with verbal word probiems
{McGuinness, 1993), but within sampies setected for high -

_ ability, correlations between mathematical and spatiul abii-

ities, are apparently higher in girls than boys (Friedman.,
1995). This finding holds for high-ability samples after the
comrelation “with verbal ability has been accounted for
(Casey et al., 1995), _

The age at which boys begin to exhibit higher spatiai
reasoning is not at all cenain. Kerns and Berenbaum (19913,
for example. found spatial abiiity differences in normally
developing boys and gitls ages 9 10 13 years, whereas others
(e.g.. Maccoby & lacklin. 1974; Waber. 1976) have seen the
differences emerging after puberty. In an'earlier study in our
Iaboratory, among children ages 42 10 88 momhs who were
identified as gified. gender differences within the verbal
domain were not observed, but among the subgroup 6688
months of age. gified young boys not only were more
advanced in spatial reasoning tasks but exhibited a spatial
factor not seen in girls of comparable age and IQ (Stillman.
1982). The question of early gender differences in both

- mathematical and spatial precocity is thus still open.

Working Memory and Mathematical Skills

Case and his colleagues {e.g., Case. 1985, 1992} have
investigated how working memory develops in relationship
to Piagetian stages of cognitive development. To accom-
plish this task, they have developed a number of working
memory tasks specific to different cognitive domains. in-
cluding mathematics. Working memory has been shown to

be domain specific for mathematics in 12- to !4-vear-old

students, including mathematically gifted students (Dark &
Benbow, 1990, 1991). In written language tasks. individuals
in the 5- to 19-year-old range show evidence of both generat
and task-specific working memory, but working memory

may be more domain specific on nonverba! tasks { Swanson.
1996).
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Methodological Approaches

Methods for studyving the early development of quantita-
tive skills have tended not to include standardized psycho-
metric instruments. They have, however. included diverse
methods such as verbal protocols (e.g., Ginsburg, Kossan.
Schwartz, & Swanson, 1983), chronometric laboratory stud-
ies (e.g., Kaye. de Winstanley, Chen. & Bonnefil, 1989),
naturalistic field observations (e.g.. Saxe & Posner, 1983).
and error analyses (e.g., Nesher, 1986). These methods yield
rich. process-oriented observations but have offered little
evidence regarding the structure of early mathematical abil-
ities and their relationship to verbal and spatial abilities.
Theory-based standardized psychometric measures are par-

ticularly useful when studying larger groups of children and ..

when comparing abilities across domains. Structural equa-
tion modeling can be used to examine interrelationships
among domain-specific factors underlying multiple mea-
sures of a domain. \

The study reported here focuses on children first identi-
fied by their parents during preschool or kindergarten as
advanced in mathematical reasoning and subsequently
tested with a battery of psychometric measures at the be-
ginning of kindergarten or first grade. The data permit us to
explore a number of issues: (a) Can young children who are
advanced in mathematical reasoning be located efficiently
by soliciting parent nominations? (b) Do measures of these
children’s cognitive abilities in other domains also show
advancement and, if so. to what degree? (¢) How do mea-
sures in the verbal and visual-spatial domains relate to
mathematical skills for subgroups divided by grade and
gender? and (d) What. if any, cognitive gender differences
emerge within this group of young precocious children?

Method
Participan: Recruitment and Screening

In the spring of 1993, a broad-scale effort was launched in a
metropolitan area (population of approximately 2.000.000) to so-
licit nominations from parents of children with advanced mathe-
matical reasoning ability. strong numerical interest. or both. Rough
guidelines were mentioned such as “asks questions about numbers
or time” and “makes up games using numbers. such as playing
store with prices™: for preschoolers, “uses adding and subtracting
up to 5 and understands that these are related. knows that a dime
is more than a nickel. plays board games involving counting
spaces™: and for kindergartners. “makes small purchases. wants to
learn to tell time. reads symbols such as plus and minus, reads
speed-limit signs. may understand that multiplication is shorthand
for adding.”

Letters were sent to preschools and kindergartens. both public
and private: special contacts were made with Head Stant teachers
as well as a similar state-funded early childhood program: and
several local newspapers and talk shows carried stories about the
project. The local school district sent letters t0 parents of kinder-
gartners who had scored high on the Mathematics subtest of the
Cognitive Abilities Test. which was administered to screen chil-
dren for the highly capable program. In addition. nominations of
children scoring 16 or higher on the Arithmetic subtest of an
age-appropriate Wechsler intelligence test were sought from spe-
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cialized public and private schools that required such testing for
admission. To protect families’ privacy, professionals invited par-
ents to telephone our office. Because of a relative shonage of
preschool female nominees and the slightly lower scores attained
by this group, we extended our recruiting period for girls in the
younger group by 3 months. In all. 798 children were nominated

and 778 families returned consent forms.

Between March and June (September for younger girls). all
nominees except those having already scored 16 or higher on the
Arithmetic subtest of an age-appropriate Wechsler test were indi-
vidually administered the Arithmetic subtests of the Kaufman
Assessment Battery for Children (K-ABC: Kaufman & Kaufman,
1983) and the revised Wechsler Preschool and Primary Scale of
Intelligence (WPPSI-R; Wechsier. 1989). Children aged 6 years
were aiso given the Arithmetic subtest of the Wechsler Intelligence
Scale for Children, 3rd edition (Wechsler. 1991). To qualify for the
study, children were required to score at the 98th percentile or
above on at least one measure. that is. at least 130 on the K-ABC
or 16 on a Wechsler measure, but slightly lower scores were
accepted for 4 boys for whom there was compelling evidence of
special interest or knowledge. Testers were experienced psychom-
etrists, graduate students in educational psychology. and Nuncy M.
Robinson.

Of the 778 children whose parents agreed to participate. 348 met
the inclusion criteria. Our target. based on the sample sizes needed
for a subsequent intervention. was originally 77 boys and 77 girls
at each grade level. All eligible girls were included in the final
sample, but the kindergarten female group remained below quota
{n = 61) despite protracted recruitment efforts. Substantially more
boys than giris were both nominated and met the criteria for
inclusion, particularly in first grade, so we randomly dropped 9
kindergarten and 29-first grade boys. which resulted in 61 kinder-
ganten girls. 78 kindergarten boys. 77 first-grade girls, 94 first-
grade boys. and a total of 310 children in the final sample.

Administration of Cognitive Measures

Between July and October of the same year. as they were
entering kindergarten or first grade. the 310 selected children were
given an extensive battery of psychometric measures. listed and
briefly described in Table 1. Subtests were administered in a fixed
order. usually in one session with breaks as needed. As during
screening, testers were experienced psychometrists. graduate stu-
dents in school psychology. and Nancy M. Robinson. All protocols
were checked twice for accuracy of scoring.

The measures included the battery were chosen to represent
quantitative, verbal, and visual-spatial domains. One measure in
cach domain tapped working memory. Most of the measures were
drawn from well-known, nationally standardized instruments with
satisfactory reliability and validity and therefore are not further

described here. Four measures are. however. not standardized and
require description. .

Two measures of numerical understanding were drawn from the
work of Okamoto and Case (Okamoto 1992a: Okamoto & Case.
1996). building on Case’s (1985. 1992) neo-Piagetian theory of the
role of conceptual structures in children’s arithmetic- competence.
These structures. which constitute powerful organizing schemata
within a domain such as mathematics. develop recursively in
stages. permitting increasingly complex higher order organizations
of units and operations. first tentatively coordinated and then
integrated. each level leading eventually to a new transition.

The Number Knowledge Test (Okamoto & Case. 1996) consists
of 36 items divided into five levels corresponding roughly to the
competence demonstrated by normally developing 4-, 6-, 8-, 10-,
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Table 1
Cognitive Measures Administered

Measure

Quasnyitative.

Stanford—Binet IV: Quantitative (Thomdike, Hagen, &
Sattler, 1986: miscellanzous word problems)

Sanford-Binet {V Number Series (predicting next two
iiems in a series of numbers)

Key Math. Revised: Numeration {Connolfy, 1988;
enumemation. counting, place value}

Key Math, Revised: Geometry (shapes, paucrms,
specialized terms)

Key Math, Revised: Problem Solving (word problems)

Weoodeock-Johnson, Revised: Caleniation (Woodcock
& Johnson, 1989, 1990; mixed written calculation
prablems) )

Number Knowledge* {Okamoto & Case, 1996) -

Word Problems® {Okaroto, 1992a)

Counting Span® (Case, 1985)

Verbal

Stanford-Binet IV: Vocabulary {definitions)

Swnford-Binet IV: Comprehension {practical
reasoning}

Stanford-Binet IV: Memory for Sentences (immediate

- wepetition of seniences)
Visual~spatia}

Stanford-Binet IV Pattern Analysis (copying des:gns
wilh patterned cubes)

Stanford-Binet IV: Marrices {choosing which of §
alternatives would complete 2 X 2and 3 X 3
matsices, decipher'mg ietter piacement in comptex
- matrices)

Visual-Spatia! Sp:m (Crammond. 1992}

* Nonstandardized measures described in text,

and 12-year-oids. The tems tap mastery of the number system in
terms of funciions such as comparison and operations (ar the
highest level. eg.. “Which is closer to 1: —0.2 or 1.87" “How
much is 248 divided by 47).

The Word Problems subtest (Okamoto, 1992a) consists of 16
problems presented verbally by the examiner as well as by visual
words and pictures. The word probiéms are organized into three
levels representing increasing complexity in change, combine, and
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comparison fuactions. For example, at Level 3, the child is asked.
“There are 9 roses, There are 3 more roses than tolips. How many
tlips are there?” The highest level was reported by Okamowe
(1992b) to correspond to approximately fourth-grade comperence.
All items were adminisiered: the child's score was the 1otal correct.

The Counting Span Test (Case. 1985} materials comprise 18 sets
of 216 cm X 29.2 cm pages, three wrials at each of six evels
consisting of one 1o six pages per item. On each page. 2 number of
randomiy arraved yellow and green dots are placed. Children were
instructed 10 touch and count only the green dots and 10 recald cach
number in order after the last page had been shown.

The Visual-Spatial Span Test (Crammond, 1992) consists of 4
series of 4+ X 4 matrices (2 em X 2 cm cells) presented on
successive notebook pages of standard {21.6 em X 29.2 omy size.
The 15 stimuli consisted of three sets ot each of five successive
levels, each level preseming I more black cell than the level
before, for 2 maximum of 5 black cells in the matrix of 16 cells. No
symmetrical patierns were included. After a sample trial, cach
matrix was exposed for 2 s, after which a blank matrix was
exposed on which the child recorded the black cells. Testing
continued through Level 5 or until the child missed all three items

at a single level. The child's score was the total number of jiems
comect

Resuits
Screening Procedures and Sumple Selection

The results of the screening procedures are summarized in
Table 2. Note that because some children were accepted on
the basis of previously administered Wechsler scores, not all
participants were administered the K-ABC. Unless children
qualifying by repornied WPPSI-R scores hiad been tested in
our center, their scores were omitted from this analysis.

Kindergarners as a group earned higher standard scores
on the K-ABC subtest than did preschoulers. Boys™ standard
scores were higher than girls’ on both the K-ARC and
WPPSI-R subtests and at both grade levels.

Percentages of nominees by racial and ethnic background
were as follows. with figures for the selected sampie in

Table 2
Sample Sizes. Means of Standard Scores, Standard Deviations. and Two-Way Analvses
of Variance of Screening Measures
Grouﬁ
Preschool Kinderganen Grade® Gender” -
Interaction
Measure Girls Boys Girds  Boys F ES F ES
WPPSI-R .
N 43 167 01 248 .
M 132 139 136 141 2.05 At 6.34* 19 03
3D 3.0 3.2 30 31
K-ABC
N 125 149 196 242 '
M HIB 1166 1160 1202 19.68%%* 31 T}4s** 34 a2
SD L2 139 14 130
Note, ES = effect size: WPPSI-R =

Wechsler Preschool and Primary Scale of Intelligence—

Revised: K-ABC = Kaufman Assessment Battery tor Children,

“ES = (M, - MMSE)™.
*p < 05, ***p < 001
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parentheses: 76% (73%) Caucasian. 12% (15%) Asian, 6%
(5%) African American, 3% (4%) Hispanic, 1% (1%) Na-
tive American., 2% (1%} other, Boys represented 55% of the
321 preschool and 55% of the 457 Kindergarten nominees.

Parental education was high for both nominees and se-
lected children. Fathers of nominees reported 2 mean of
17.0 years of education (SD = 3.0, mothers reported a
mean of 16.3 years (SD = 2.7). Means were slightly higher

for the parents of the final sample: fathers. 17.4 years (SD =
2.8). mothers, 16.9 vears (S0 = 2.6).

Test Performance of Selected Group

Table 3 describes the sample characteristics by grade and
gender as well as the means, standard deviations. and results
of the two-way analyses of variance (based on Type NI
sums of squares) conducted on the psychometric measures
sdministered to the 310 children selected to participaie in
the study. Age-normed standard scores are reported wher-
cver possible. They are not available for the Key Muth
(KM) Problem Solving because the children were too
young: they are also unavailable for Number Knowicdge,
Word Problems. Counting Spun, and Visual-Spatial Span.
Grude differences on these raw score measures were there-
fore to be expected.

For the group as a whoie, performance was advanced not
only on the measures of mathematical abilities but on the
other measures as well. Mean standardized scores on the
quantitative subtests of the Stanford-Binet (SB) were 1 to
1.4 standard deviations above the mean of the norming
group and 1.4 to 2 standard deviations above the mean of
the norming group on KM and Woodcock-Johnson (WI)
quantitative subtests, Mean scores on the verbal and visual—
‘spatiad subtests of the SB were approximasely ! stundard
deviation sbove the mean of the norming group,

Gender Differences

As noted above, our recruitment vielded a higher number
of male nominees and qualifiers at both grade levels, despite
reminders to0 nominators to consider girls and our specific
recruitment of kindergarten girls.

Note, in Table 3. that gender differences, where found,
tended 1o be confined to the mathematics subtests and the
visual-spatial working memory span task but not the other
visual-spatial tasks or the verbal tasks. Only | of the 17
Grade X Gender interactions reached the .05 level of sig-
nificance. _

Because gender differences in adolescents and young
aduits have been reported to be most pronounced uat the
upper ranges of ability, we also examined the proportion of
airls and boys whose scores were highest within our disir-
bution. Table 4 presents the percemtage of boys scoring
within about the top 5% of our group on each measure,
Because slightly more than half the children in both grades
received top scaled scores of 19 on KM Numeration, and
22% of kindergartners and 36% of the first graders received
scaled scores of 19 on KM Geometry. we show raw scores
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for these subtests, Tests of the significance of the difference
between proportions {(both chi-square and Fisher exact)
show overrepresentation of boys among highest scorers on
the mathematics subtests. Significant differences in the pro-
portion of boys among top scorers were not demonstrated
on the verbal and visual-spatial subtests.

Organization of Cognitive Abilities

Using multipie-group structural equation modeling (Ab-
bott & Berninger, 1993; Bentler. 1992) of the raw scores
corrected for age, we examined the relationships among the
quantilative, verbal, and visual-spatial measures, separateiy
for kindergartners and first graders and for boys and girls.
The specific aims were to examine the organization of
cognitive abilities in these groups as weil as o examin
possible developmental and gender differences. :

We investigated the organization of cognitive abilities by
examining the fit of different factor structures using multi-
ple-group confirmatory factor analysis of (a) the covariance
matrices for kinderganners and first graders and (b) the
covariance matrices for boys and girls. To adjust for vari-
ations in age. age in days was partialed out of the zero-order
comrelation matrices. Because of the restriction of range due
1o 2 floor effect (see Table 3), Number Series was omined
from this analysis. The screening measures were also ormit-
ted because of their restricted range. :

The correlations among the 14 measures for kindergan-
ners (n = 129) and first graders (n = 162) and standard
deviations are shown in Table 5. Correlations have been
reported 1o four decimal places for archival purposes so that
others can reannlyze the data based on the covariances
among the indicators {Bentier, 1992),

The results from the multiple-group confirmatory factor

“analysis are shown in Table 6. Included in the first column

of Table 6 is the information abowt which factors were
madeled. As shown in Table 6, indicators of the quantitative
factor included the SB Quantitative. KM Numeration, KM
Geometry, KM Problem Solving, WJ Caieulation, Word
Problems. Number Knowiedge, and Counting Span. Indica-
tors of the verbal factor inciuded SB Vocabulary, SB Com-
prehiension. and SB Memory for Sentences. Indicators of the
visual-spatial factor included SB Pattern Analvsis, SB Ma-
trices, and Visual-Spatial Span. -

Because Z statistics greater than 2.0 are statistically sig-
nificant at p < .05. each of the indicators has a significant
factor loading (standardized path coefficient) with its factor.
In the unconstrained multiple-group model the factor load-
ings and cotrelations among the factors were freely esti-
mated for kindergartners and first graders. The y“(i48.
N = 291) = 2343 and the comparative fit index was 94
(Bender. 1990). indicating an excelient fit of this model to
the data. The visual-spatial factor showed much stronger
relationships with the quantitative factor than did the verbal
factor. and. in tumn, the visual-spatial and verbal factors
were only weakly correlated. Most of the subtests demon-
strated high factor loadings.

To examine whether the factor structures for the two age
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Table 3 .

Sample Sizes, Means of Standard Scores, Standard Deviations. and Two-Way Anaiyses of Variance of Scores of Selected
Children on Tests in Battery

Group
Preschooi Kindergarten
Grade® Gender?
Girls Boys Gigls Boys  Interaction
Measure (n=6l (=78 (a=TN {(n=9% F ES F . ES
Math
5B Quantitative . ’ : :
M 61.4 0.7 607 61.0 j.42 14 1.07 A2 242
- SD : 4.6 5.4 53 6.2 '
- 5B Number ]
Series
n 29 49 69 92 _
M © 553 57.3 59.3 810 20,267+ £H5  6.48* 37 0z
sD . 5.2 6.8 6.4 16
KM MNumeration . '
M 168.7 17.3 i6.2 173 55 09 8.41* A4 .25
sb 2.6 2.3 26 26
KM Geometry :
M- 14.7 14.1 15.6 i5.5 © G.65%* 36 146 14 1.07
sD 33 37 i1 3.3 -
KM Problem
Solving , : :
M i.4 L9 2.9 4.4 83.07== 105 2100 53 4.46*
sD : 1.0 1.6 1.6 2.7
W] Calculation . .
M 118.0 i21.5 . 122.1 129.0 10,34*%* 3 8.87** 34 58
SD 149 178 14.1 16.5
MNumber . .
Knowiedge .
M 13.1 15.0 19.6. 228 172.30%** 1,53 23.24re 56 1.50
SD 2.5 4.8 4.4 54
Word Problems
M 28 5.0 3.5 10.4 167 87w 1,50 7 24.60%** 57 06
sh 2.4 40 - 4.0 38 .
Counting Span '
M 50 5.5 6.7 72 F0.80>*~ 97 6.15% 29 00
SD i.3 1.7 19 1.9 '
K-ABC .
Arithmetic
{screen) _ -
n 43 65 ' 73 35
M 1206 1268 1237 130.3 5.93" 3D 2002+ 56 .14
sSD - 84 i0.2 - B.S i1l
WPPSL-R .
Arithmetic
(screen} '
M 15.7 16.2 16,2 16.4 283 A9 3.53 22 21
sD 1.6 2.0 i.8 20
Verbal
SB Vocabulary - '
M 60.7 597 60.4 591 1.06 A2 230 17 07
§D 6.6 R | 6.3 6.6 )
SB Comprehension
M 59.5 58. 6.6 598 22 10 99 N) A5
sD ' 6.8 59 6.8 8.2 _
SB Sentences ’ -
M ) 599 57.7 . 59.8 59.5 22 05 247 A8 224
sD 8.3 38 6.9 3.0 '
i Visuaj-Spauai
SB Partern
Analysis
M 580 58.4 60.6 609 T.35%* 32 A6 .03 .01
sD 73 17 7.8 93
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Table 3 (continued)
Group .
. Preschool . Kindergarten Gender®
Grade® ende;
Girls Boys Girls Boys taind Interaction
Measure (n =61 (n = 178) (n=177 (n=94) . F ES F ES F
SB Matrices
M 59.2 583 59.7 . 59.7 2.63 .19 A3 .04 05
SD 5.7 5.1 6.5 7.2
Visual-Spatiai
Span
M 35 4.3 5.7 6.1 61.93%%= 91 6.55* .29 .58
SD 1.8 1.9 2.4 2.5
Note.  Average test age for preschool girls and bo

ys was 5.4 and 5.6 years. respectively.
was 6.5 and 6.5 vears. respectively. The ns vary only slightly by subtest except as n

Stanford—Binet Number Series items. According to the manual. zero scores are conside:
data. ES = effect size; SB = Stanford-Binet: KM = Key Math: WJ = Woodcoc
Children: WPPSI-R = Wechsler Preschool and Primary Scate of Intelligence.
“ES = (M, ~ M)/(MSE)”.

*p < .05. **p < .0l. ***p < 00l

Average test age for kindergarten girls and boys
oted. Note how few kindergartners solved any
red inaccurate and are therefore treated as missing
k-Johnson; K-ABC = Kaufman Assessment Battery for

groups differed. a second multiple-group factor analysis was 91. The difference in chi-square between the con-
was run with the factor loadings of each indicator and the strained and the unconstrained was 61.2 (df = 17, N =
covariances among the three factors constrained equal for 291, p < .001). Follow-up Lagrangian multiplier tests
kindergartners and first graders. For this constrained model, (Bentler, 1992) indicated that the following constraints ac-
X165, N = 291) = 295.5, and the comparative fit index  counted for most of the decrease in fit: (a) the correlation

Table 4
Percentage of Bovs Among Highest Approximately 5% of This Group on Screening
and Battery Subtests )
Kindergarten First grade
. % Top % Top .
Subtest boys % ¥ p° boys % x p°

Screen (total group)
K-ABC Arithmetic (SS) 87

6 582 .02 76 6 S5.16 .02
WPPSI-R Arithmetic (SS) 75 3 147 30 7% 4 310 .08
Math
SB Quantitative (SS) 75 6 1.08 .26 75 5 140 29
SB Number Series (SS) 83 8 124 40 82 7 295 .12
Key Math Numeration (raw) 8 5 249 24 8 S5 360 .07
Key Math Geometry (raw) 100 4 393 07 75 5 137 .30
Key Math Problem Solving (raw) 100 4 398 . 07 100 3 423 06
W1 Caiculation (SS) 100 5 558 .02 100 5 7.79 .00
Number Knowledge (raw) 100 6 658 .01 83 7 403 .04
Word Problems (raw) 100 5 565 .02 71 4 077 46
Counting Span (raw) 82 8 302 .11 73 6 151 .35
Verbal
SB Vocabulary (SS) 8 4 178 24 40 3 46 .66
SB Comprehension (SS) 40 4 61 .65 67 5 53 .52
SB Memory for Sentences (SS) 62 6 09 1.00 62 6 19 .73
Visual-Spatial ’
SB Pattern Analysis (SS) - 62 6 09 1.00 70 6 94 51
SB Matrices (SS) 50 6 55 .70 75 S 137 .30
Visual-Spatial Span (raw) ST S 00 1.00 67 3 35 .69

Note. These figures represent the highest scoring children on each subtest. according to standard
scores (SS). except as noted. The proportion closest 1o the top 5% is shown. For Key Math
Numeration and Geometry, so many children attained the top standard score (19) that we show the
raw scores. Boys constituted 55% of both the kindergarten and first-grade samples. K-ABC =
Kautman Assessment Battery for Children; WPPSI-R = Wechsler Preschool and Primary Scale of
Intelligence—Revised: SB = Stanford-Binet: WJ = Woodcock—Johnson.
* Fisher's exact test, two-tailed.
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THCNSOm = =D mne between spatial and quantitative factors is significantly

a i RS e i P B S | ‘greater, x'l(:l N= "9?) = 5.75, p < 016, in the kinder-

= garten sample (.89} than in the first-grade sample (.64); (b}

§ CONDERNOTIAREN the factor loading for Memory for Sentences is significantiy

ol AR - N e R - S fep e greater in the kindergarten sample than in the first-grade

<3 L R T : - sample, x*(1, N = 291) = 5.15, p < .023; and (<) the factor

Y loading for KM Problem Solving is significantly greater in

g - the first- sample than in the kindergarten sampie, ¥2(1.
<|o|5RRBRBS08R23 B, N=29lg)ra:e18.6({p<.001. ¢ ple X

-3 R AR AR A AR b Table 7 shows the correlations among the 14 measures for

girls (n = 127) above the diagonal and the correlations for
boys (n = 164) below the diagonal. as well as the standard
deviations.

The results from the multiple-group confirmatory factor
analysis for boys and girls are shown in Table 8. Factors are
listed as for Table 6.

Each of the indicators has a significant factor loading
(standardized path coefficient) with its factor. In the uncon-
strained multiple-group medel, the factor loadings and cor-

V12

Vil
0

Key Maih Problem Solving; V5 = Woodcock-lohnson

SB Vocabulary; V10 = 88 Comprehension; Vil = SB Memory for Sentences;

129 Below Diagonal) and First Graders (n
Vi

L R el B e i i, | e
3 E =3 § =g 2 E | § g g‘% Qi relations among the factors were frcely estimated for boys
"y o T and glrls The (148, N = 291) = 226.7, and the compar-
&
o 85382200 1808358 Table 6 - |
""" ' alfe Standardized Fath Cuoefficients and Test Swaristics (Z) for
" oo £ Confirmatory Factor Analyvsis for Kindergarten and
edind d ernd- k2 i o = . .
w0 | IQTPNEIR | SumRiEwe |2 First-Grade Children
P ANSNAAS | mQmma e el - )
L ! -2 > Kindergarten  First grade
"':' U Relationship Path Z  Pah 2z
b - =
b YRt Lk I eIy A
~ | S Rae falial 1 €o A Factor — measure
> GraBER I.,-,e,.,%%gsgg £ ¥ Quaniitative — SB
§ 1233 Quantitative 37 a4 54 738
e E3n Quantitative — Key ; 2 (a1
o mmEes memeawow [Egd Math Numeration g1 896 82 (2
B 83%5& EE%E;%%E% Z 8 Quantitative — Key _ _
= maemnn : e Math Geometry 35 39f 34 428
‘_3_‘ 573 Quantitative ~— Key
2] lwowe wownsomone |52 Math Problem Solving .70 872 .19 11.62
E|vIREIE | aoNYR a0 g5 Quantitative — W]
F|7[TEme "R =SSRNasix g Calculation 72 915 83 1263
= - Quantittive — Word .
3 S L Problems 82 1078 2 1027
oo o - o
M R Tr 00 C T o o Quantitative — Number
EES §§ﬁ '%zs%ﬁf’o‘%ﬁ:a e % Knowledge S .89 1250 87 1350
§ ~EZ L Quanmative — Counting
5 £*3 oS 58 694 37 465
tn DO e D e O Y OO0 S = - —
ST AR (AR 8TRILRIS NG ® _Vocabulary 87 1002 86  6.89
g -l N—NN—_NNNNNma 2’;}‘ Verbal — SB
2 B Em Comprehension J0 797 53 59
S - - e Verbal — SB Memory
lolx |§EE§§E?‘§E§§§N E@ @ for Sentences 68 790 43 461
E)> % ' BRIRETIESARNAR L F Visual-Spatial — SB :
N MLETE Pattern Anatysis 54 546 57 620
g RN < Visual-Spatial — SB )
g BRRRSRSIBREAS 5 e Matrices 42 427 54 585
< SR ECR RS8R RIRAR |G & Visual-Spatial — )
u ' . =y >3 Visual-Spatial Span S0 510 62 676
3 — £m Factor intercormeiations
- I > 2n Quantitative «» Verbal 28 299 33 145
e S |E - =y Quantitative «+ Visual- .
= 5|E : s2mcaxdla spatial 89 970 64 806
2S5 FUTINETTIFEEES 283 Verbal «+ Visual-spatial 21 156 24 2.15

Note. 5B = Stnford—Binet; W] = Weodcock~Johnson.
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for Buys (n = 164 Below Diagonal) and Girls (n = 127 Above Diagonal)

Correlutions Among Measures and Standard Deviations

5D
1.53
129
242
.53
3.93
437
498
{.89
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355
546
370
248
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- V13

Vi2
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.3006
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0808
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SB Vocabulary; Vi0

Key Math Numeration; V3

Word Problems; V7 = Number Knowledge; V8

V12 = 5B Paitern Analysis; V13

Note.
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ative fit index was .94, indicating an excellent fit of this
model to the data.

To examine whether the factor structures for boys and
girls differed, a second multiple-group confirmatory factor
analysis was run with the factor loadings of each indicator
and the covariances among the three factors constrained .
equal for giris and boys. For this constrained model, x*(165,
N = 291) = 263.9, and the comparative fit index was .92,
The difference in chi-square between the constrained and
the unconstrained was 37.2 (df = 17, N = 291, p < .05),
indicating thar the factor loadings and the correlations
among the factors were highly similar for boys and girls.
Follow-up Lagrangian multiplier tests (Bentler, 1992) indi-
cated that the following constraint accounted for most of the
decrease in fit: The correlation between verbal and spatial
factors is significantly greater, though modest. for the boys
(.36) than for the pirls (07), X*(1, N = 291) = 4.21,
p < .08,

Discussion

To our knowledge, this study is the first effort to identify
and describe mathematical advancement at so early an age.
This sudy yields convincing evidence that such children
can be identified by their parents and teachers and that as a
group such children tend to be aimost as advanced in verbal
and visuai-spatial skills on psychometric measures as on
measures of mathematical skills (see Table 3). Although
boys® level of performance was higher on measures of
mathematical skills and visual-spatial working memory
span, the underlying relationships among cognitive factors
were for the most part similar in girls and boys, with the
exception that. for the boys. the comrelation between verbal
and spatial factors (r = .36) was greater than for the gitls
(r=.07.

Identification

Parents identifted 778 children who were then in pre-
school or kindergarten. When these children were seen in
our laboratory, the mean scores of each subgroup were at
least 1 standard deviation above the mean of the general
population, with the exception of the preschooi girls’ scores
on the K-ARC, which were about 0.8 standard deviations
above the general norms. Similar to the results of our
previous swdies of toddlers who were verbally precocious
(Robinson et al.. 1990) and preschoolers thought to be
gifted in a variety of domains (Robinson & Robinson.
1992), the method of paremt pomipation in response to
community advertising appears 1o yield an appropriate pop-
ulation for study. We cannot, of course, know how many
children we missed who were equally or even more ad-
vanced. The advanced educational level of the parents is not
unexpected but. despite our efforts o encourage nomina-
tions from Head Start and similar organizations, we may
have missed children in lower socioeconomic groups.
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Table 8

Standardized Path Coefficients and Test Statistics (Z) for
Confirmaiory Factor Analvsis for Girls and Bovs

Girls Boys
Relationship Path Z Pmh Z
Factor — measure

Quantitative - 5B '

Quantitative A1 452 .5 6.78
Quantitative — Key Math

Numeration J7 968 77T 1132
Quantitative —» Key Math

Geometry 25 271 4y 5
Quantitative ~» Key Math

Problem Solvinp 68 821 .76 111D
Quantitative —» W] ’

Calculation - g6 957 79 LTt
Quantitative «» Ward

Problems J4 916 76 11.20
Quantitative —» Number .

Knowledge J8 991 90 1452
Quantitative -+ Counting

Span 36 390 46 598
Verbal — SB Vocabulary 87 845 87 968
Verbal — SB

Comprehension 63 651 60 712
Verhal — SB Memmory for

Semtences 53 552 58 6.88
Visual-spatial — SB

Pattern Analysis T4 635 54 603
Visual-spatial — SB

Matrices 49 4848 53 592
Visual-spatial — Visuaj

Spatial Span 57 574 55 613

Fuctor intercorelations

Quantitative + Verbal 33 333 27 309
Quantitative «+ Visuai-

spatial J3 B60 .76 10.07

Verbal « Visual-spatial 07 053 .36 325
Noie. SB = Stanford-Binet: Wl = Woodcock—Johnson.

Relationships Among C’agnfrive Abilities

The means reported in Table 3 reveal that. on all the
standardized measures, the children in this study demon-
strated advancement. On the SB subtests. mean perfor-
mance hovered around | standard deviation above the mean,
or the 84th percentile, in all domains. On the KM measures,
advancement was even more pronounced, with mean scaled
scores 1.7 to more than 2 standard deviations above the
mean, and in W] Calculation scores, performance was ap-
proximately 1.5 standard deviations above the population
mean.

Ordinarily, such across-the-board advancemenmt would
suggest the operation of a general, or g-factor. cognitive
ability, but the resuits of the structural equation modeling
suggest that, even at this age, relatively coherent, nonredun-
dant underlying factors have emerged. With highly gifted
adolescents. similarly, evidence has been found for gremer
differentiation than in the general population {Benbow et
al.. 1983),

Within our group, correlations were strongest between
visual-spatial and mathematical skills. as expected by some

ROBINSON. ABBOTT. BERNINGER, AND BUSSE

authors (Benbow, 1988: Casey et al.. 1995: Geary, 1994)
but not by others (Friedman, {995). The correlations be-
tween verbal and mathematical abilities and berween
visual-spatial and verbal abilities were of considerabiy
lower magnitude. It should be noted that the visual-spaial
skills tapped here were measured by two-dimensional rea-
soning tasks that would have been excluded by Friedman
{1589, 1995) in favor of three-dimensional visualization .
tasks, whereas other factor analysts such as Carroll (1993)
include such tasks in a spatial visualization factor,

Even though scores on the three working memory
subtests were modestly correlated with one another. our data
for younger children are consistent with those of Dark and
Benbow (1991} thar working memory is domain specific for
quantitative tasks. Counting Span loaded on the quantitative
factor, Visual-Spatial Span loaded on the visual-spatial
factor, and another memory task, Memory for Sentences.
londed on the verbal factor. The model we tested accounted
for these relationships by factor intercorrelations rather than
cross-factor cormelations.

The period of kindergarten to first grade may be too briet
1o yield developmental trends in differentiation of abilities.
but we did note that the relationship between spatial ang
mathematical abilities was significantly lower in the older
group than the younger. suggesting increased differentia-
tion. Even so, the coherence of the quantitative factor ever.
in the younger group suggesis that to some extent precocity
in young children is accompanied by early differentiation o1
abilities. We had been led to a similar conclusion by the
results of a 5-year smudy (Dale et al.. 1995) of children whe
had been verbally precocious as toddlers and who continuec
1o show specific advancement in verbal abilities, It has bee:
suggested that the high correlation between verbal am
mathematical skills seen in older students may be a produc
of common educational experience (Friedman, 1995), and i
may be that the picture seen prior to formal schooling
reflects a different sont of experiemial effect,

Gender Differences

Gender differences were apparent in every analvsis. Mor
boys than girls were nominated: of those nominated. mor
boys than girls qualified: and. on the psychometric battery
boys' scores in the mathematical domain were significantl
higher than the girls’ on 8 of the 1} mathematical subtess
When only the top 5% of the distributions of the scores wer
examined, boys were significantly overrepresented on ser
eral of the mathematical subtests. For the boys. verbal an
visual-spatial factors were more highly correlated, o
though, for the most part, the refationships among the co:
nitive subtests and factors were similar for boys and girl:

This study was intended to evaluate whether gender di
ferences observed in math-talented older children and ad
lescents are also present in younger. math-talented childre:
The reasons for such gender differences are bevond
purview of the study. Our data do not suggest that paren
are differentially overlooking their math-talented girls. b.
cause, if they had. the girls nominated for this studv wou
be expected to attain scores at least as high as the boys'
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Geary (1994) and Benbow (1988) have tended to favor
biological explanations for gender differences, although
they clearly have not denied that social factors play a role as
well (Saxe, Guberman. & Gearheart, 1987). Geary (1994)
suggested that the underlying biological difference may
reside in a visual-spatial male advantage derived on an
evolutionary basis, with the advancement in mathematical
reasoning therefore being secondary. Within our math-pre-
cocious group, the boys demonstrated no overall superiority
in visual-spatial reasoning on the SB Pattern Analysis and
Matrices subtests, although they did somewhat better than
the girls on the visual-spatial working memory span subtest
as well as the quantitative working memory span subtest. If
anything. then. it may be that for this group working mem-
ory span played the more critical role.

Even though these mathematically precocious children
are among the youngest examined in this way, they already
have years of living behind them, thoroughly entangling
nature and nurture. Boys may more frequently show early

signs of interest in and ability with numbers and quantitative

relationships: on the other hand, parents may be more sen-
sitive to such cues from boys than girls. The experiences
offered by parents, as well as the children’s own play
preferences (e.g.. for activities involving countable objects
vs. social play; Maccoby & Jacklin, 1974), surely interact
with whatever biological propensities exist. Extensive fur-
ther research will be needed to sort out the nature of such
interactions.
Our study demonstrates that precocity in mathematical
ability can indeed be identified at an early age. By impli-
_ cation, this finding suggests that educational adjustments
may be imperative even in kindergarten to nurture such
children’s curiosity and excitement in a domain so critical.
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