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Abstract

Norms for a battery of instruments, including Denckla’s and Garfieldigzy words

tests of Motor Persistence, Benton’s Right-Left Discrimination, twoNeuropsychology

recall modalities (Immediate and Delayed) of the Bender TestAssessmentinstruments
Wechsler's Digit Span, the Color Span Test and the Human Figardorms

Drawing Test, were developed for the neuropsychological assessmépftvelopment

of children in the greater Rio de Janeiro area. Additionally, the rosS-culturaldifferences
behavior of each child was assessed with the Composite Teac'herraZII
Rating Scale (Brito GNO and Pinto RCA (199burnal of Clinical =~~~ "~~~ 7777777
and Experimental Neuropsycholggy3: 417-418). A total of 398

children (199 boys and 199 girls balanced for age) with a mean age of

9.3 years (SD = 2.8), who were attending a public school in Niterdi,

were the subjects of this study. Gender and age had significant effects

on performance which depended on the instrument. Nonachievers

performed worse than achievers in most neuropsychological tests.

Comparison of our data to the available counterparts in the United

States revealed that American children outperformed Brazilian chil-

dren on the Right-Left Discrimination, Forward Digit Span, Color

Span and Human Figure Drawing Tests. Further analysis showed that

the neurobehavioral data consist of different factorial dimensions,

including Human Body Representation, Motor Persistence of the

Legs, Orbito-Orobuccal Motor Persistence, Attention-Memory,

Visuospatial Memory, Neuropsychomotor Speed, Hyperactivity-Inat-

tention, and Anxiety-Negative Socialization. We conclude that gender

and age should be taken into account when using the normative data

for most of the instruments studied in the present report. Furthermore,

we stress the need for major changes in the Brazilian public school

system in order to foster the development of secondary cognitive

abilities in our children.
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Introduction dard and stress administrations of the Bender
Test in order to assess visual attention and
Studies of child neuropsychology in Brazilmemory, the Immediate and Delayed Recall
are hampered by the lack of adequate normazodalities. Furthermore, each child in the study
tive information on the performance of instru-underwent behavioral assessment with the
ments used in neuropsychological assessmef@omposite Teacher Rating Scale (ComTRS)
Perusal of a major book on psychological testd.0). Moreover, the underlying dimensional
published in this country (1) clearly indicatesstructure of the neuropsychological and be-
the magnitude of the problem since normgavioral data was examined by factor analysis.
derived in Brazil are available for only a few The instruments described above were
instruments. Furthermore, in most cases, ladelected for inclusion in the battery on the
of critical information about the sample andbasis of data indicating that the developmen-
statistical procedures renders the norms inathlly disabled child frequently demonstrates
equate. As an example, a large-scale study (@ppairment in the performance of these tests,
on the Bender test conducted in Porto Alegras reviewed by Gardner (11) with respect to
(RS, Brazil) and included in a book publishedenckla’'s (5) and Garfield’'s (6) Tests of
by Cunha (1) did not provide sufficient infor- Motor Persistence, Benton’s Right-Left Dis-
mation on the demographic aspects of therimination Test (4), WISC-R’s Forward and
sample and used crude statistical procedurdBackward Digit Span (7) and the Human
In contrast, the normative study of Hutz andrigure Drawing Test (9). Denckla et al. (12)
Antoniazzi (3) on human figure drawing, alsoshowed that anomalies of motor develop-
conducted in Porto Alegre (RS, Brazil), wasnent, including motor persistence, represent
well designed and used powerful statisticatorrelative markers of the attentional and
techniques. Furthermore, the latter authors weleehavioral status of children. Richman et al.
careful to describe the demographic aspects (£3-15) showed that reading-disabled chil-
their rather large sample (N = 1856 children)dren had difficulty with verbal, visual and
The report of Hutz and Antoniazzi (3) cer-intermodal memory, as measured by the Color
tainly is an exception in comparison to mosSpan Test, which depended on age. Further-
normative studies that have been performed imore, these authors demonstrated that three
Brazil (see Ref. 1) from the standpoint ofdifferent subgroups of learning-disabled chil-
methodology and data analysis. The need falren (language disorder, visuoperceptual dis-
adequate locally derived normative data hagrder and memory disorder) had specific
been emphasized by other investigators (e.gnemory profiles in the Color Span Test, and
4), but continues to plague neuropsychologelear verbal and visual factors could be
cal research in Brazil. extracted from the factor analysis of the data.
In the present study, we provide local The normative research presented in this
“developmental norms” for several instru-paper is part of an ongoing program to de-
ments used in the neuropsychological asrelop instruments for the neurobehavioral
sessment of children as part of a neuropsassessment of children and adults in Brazil.
chological battery. This battery comprisedPrevious studies in this series have been
Denckla’s (5) and Garfield’s (6) Tests of Mo-published elsewhere (10,16-22).
tor Persistence, Right-Left Discrimination
(4), Wechsler Intelligence Scale for Chil-Material and Methods
dren-Revised (WISC-R)’s Forward and Back-
ward Digit Span (7), the Color Span Test (8%Bubjects
and the Human Figure Drawing (9). Addi-
tionally, we added two versions to the stan- A computer-generated random sample of
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398 children balanced for gender and agéHyperactivity-Conduct Problem; Independ-
described in detail elsewhere (22), was thent Functioning-Positive Socialization; Inat-
subject of this study. Briefly, the childrentention; Anxiety; Negative Socialization).
(199 boys and 199 girls) had a mean age &cores for each of these factors were com-
9.3 years (standard deviation = 2.8) anguted for each child and used as indices of
were attending a public school in the greatdsehavioral assessment in the statistical anal-
Rio de Janeiro area. This school was sesis of the data.

lected for the study because it attracts chil-

dren from all ethnic groups and social strataleuropsychological battery

as shown by the racial and paternal occupa-

tion distribution of children in the sample  The neuropsychological battery used in
(for details, see Ref. 22). Additionally, asthe present study was administered over two
described previously (21), the proportion okessions (one session a day) and comprised
girls in the school increases with age due tthe tests listed below in the order adminis-
a substantial dropout rate for boys, which isered. Children were tested individually in a
a common observation in the Brazilian pubquiet room in the school. The examiners
lic school system. Sixty-four (16%) childrenwere one recent graduate in psychology and
had failed at least one grade in school. Thiénree recent graduates in speech therapy,
sample included 37 (9.3%) children whowho were trained in the administration and
preferred to write with the left hand and 361scoring of each test of the battery in a pilot
(90.7%) who preferred to write with the rightstudy conducted before this study began. As
hand, a frequency distribution consistent witheported previously for the normal and stress
data reported elsewhere (20). Therefore, it imodalities of the Bender Test (22), there was
presumed that the sample is representative statistical effect due to examiner.

of the population of public school children  The first session consisted of the follow-
in the greater Rio de Janeiro area. Twentying tests:

eight (7%) children in need of neurological, 1. Bender Test: Normal and Stress (data
psychological or speech therapy, accordingeported in Ref. 22), and Immediate Recall
to their teachers, were nevertheless includatlodalities. The procedures for the adminis-

in the normative sample. tration of the normal and stress modalities
were as described by Lezak (23). Immedi-
Behavioral assessment ately after the administration of the stress

modality, the cards were removed, the child
The teachers of the children were rewas given a blank sheet of paper and re-
guested to complete the Composite Teachguested to draw all the figures he or she
Rating Scale (10). Briefly, the teachers wereould recall, not necessarily in the order of
required to have known the children for apresentation. Scoring procedures were as
least two months before completing the scaleeported by Koppitz (24). Furthermore, an
Furthermore, they were instructed to respondmitted figure received a score equivalent to
to the items as briefly as possible and to ratidne maximum number of errors allowed for
each child by comparing his or her behavioit, according to the scoring procedures. After
with that of an “average” child of the samecompletion of this modality, the child was
gender and age as the child being rated. Thequested to report how many figures he or
ComTRS was scored from not at all (0) andhe thought were missing and could not be
just a little (1) to pretty much (2) and veryrecalled. Time to complete the task was re-
much (3). The ComTRS consists of 71 itemsorded with a stopwatch.
distributed among five factorial dimensions 2. Balancing on One Foot: Procedures
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for this test were reported by Denckla (5)terized by different stimulus and response
Briefly, the length of time that each childcombinations: Visual presentation-Visual
could stand on one leg was measured withrasponse (Visual-Visual); Visual presenta-
stopwatch for a maximum of 30 s for eachion-Verbal response (Visual-Verbal); Ver-
leg. bal presentation-Visual response (Verbal-

3. Garfield’'s Tests: Only the four testsVisual), and Verbal presentation-Verbal re-
found to be most useful by Gardner (11kponse (Verbal-Verbal). Three cards with
were administered according to proceduresight colors arranged in different spatial po-
described by Garfield (6). The examinesitions on each were used in this test. The
measured the length of time (maximum of 2@xaminer presented the child (visually or
s) each child was capable of persisting in theerbally) with color sequences of increasing
performance of the following tasks: i) keepdength and the child was required to show
ing the eyes closed, ii) protruding tongueetention of the sequences either by pointing
with eyes closed, iii) protruding tongue with(Visual mode) or orally (Verbal mode). De-
eyes open, and iv) keeping the mouth opetails of the administration and scoring proce-
Two trials were administered for each taskdures were as reported by Richman (8).

4. Right-Left Discrimination: Procedures 8. Human Figure Drawing Test: Proce-
for this test were reported by Benton (4)dures for the administration and scoring of
Briefly, the child was requested to perfornthis test were as described by Harris (9).
20 commands referring to his/her right or lefBriefly, the child was requested to draw the
side and the right or left side of a confrontingvhole figure (not only the head and shoul-
person (i.e., the examiner) with open eyeslers) of a man, a woman and his or her own,
The number of commands performed corene at a time, on separate sheets of paper.
rectly was recorded.

5. Bender Test: Delayed Recall modality Statistics
Immediately after the Right-Left Discrimi-
nation Test, the child was again requested to Statistical procedures available in the Sta-
draw all the figures of the Bender Test he (otistical Analysis System package (25) were
she) could recall without considering theused for data analysis. Briefly, the data were
order of presentation, and to give the numbehnitially subjected to multivariate analysis of
of figures which were missing and could notariance (MANOVA) to provide control for
be recalled. Administration and scoring prothe experimentwise error rate. The neuro-
cedures were as described above for thmsychological battery was divided into three
Immediate Recall Bender. The mean timgroups of tests for the purpose of MANOVA:
interval between the end of the Immediat® motor persistence (Denckla’s Balancing
Recall modality and the beginning of theon One Foot and Garfield’s Tests) and Right-
Delayed Recall modality was 16.77 min (stankeft discrimination; i) attention and memory:
dard deviation = 3.03). The time to completémmediate and Delayed Recall of the Bender
the task was recorded with a stopwatch. Test, WISC-R’s Digit Span, and the four

The second session included the followsubtests (Visual-Visual, Visual-Verbal, Ver-
ing tests: bal-Visual and Verbal-Verbal) of the Color

6. Digit Span Test (Forward and Back-Span Test, and iii) drawing of a man, woman
ward) of the WISC-R: Procedures for theand own figure. Significant MANOVAs were
administration and scoring of this test werdollowed up with univariate ANOVAs for
as described by Wechsler (7). each dependent variable. If the ANOVAs

7. Color Span Test: Briefly, the Color were significant, post hoc Scheffé’s tests
Span Test consists of four subtests charawere performed. In addition, the performance
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of Brazilian children was compared to thatrimination Tests revealed significant effects
of children from the United States by bilat-of age, but not of gender (F = 3.79, P =
eral t-tests across gender and age groufs0001).Post hocanalysis of the data dem-
with (and without) Bonferroni correction for onstrated that the older the child the better
error rates. the performance on Denckla’s Balancing on
The data about the Motor Persistence an@ne Foot and Benton's Right-Left Discrimi-
Right-Left Discrimination Tests, and thenation Tests. There was no effect of age on
Attention and Memory Tests, were furtherthe performance in Garfield's tests, i.e., per-
subjected to separate principal componenfermance was already at ceiling level at the
factor analysis with orthogonal rotation anckarliest age (5.0-5.5) examined in the pres-
the varimax criterion. However, it wasent study.
deemed important to include an index of Covariate analysis of variance with age
cognitive performance (i.e., the Human Figas the covariate demonstrated that nonachiev-
ure Drawing Test (9), but see 26) and thers had significantly lower total scores in the
factor scores derived from the ComTRS (10Right-Left Discrimination Test than achiev-
in the factor analysis of each group of variers (F = 4.69, P = 0.03). There were no
ables so that it could be determined howgtatistically significant differences in perfor-
neuropsychological variables cluster withmance between groups of children for the
cognitive and pure behavioral variables. Onlyests of motor persistence.
factors with eigenvalues greater than unity Table 1 shows the performance on the
were retained in the analysis and a criteriobenckla’s Test of Balancing on One Foot
of at least 0.40 to define a loading was usedcross age and Table 2 summarizes the ages
in the present report. Since the main objec-
tive of the present study was to explore th
underlying dimensions of the neuropsycho
logical data, items with significant loadings
on more than one factor were retained an Data are reported as means with the standard
. . . . deviation within parentheses. N, Number of chil-
explained. Data for children with values miss

Table 1 - Time spent balancing on the left or right
foot (Denckla’s Test) across age.

dren.
ing were excluded from factor analysis.
Age N Left foot Right foot
(years, months)
Results M (SD) M (SD)
MANOVAs of data concerning ethnic 5055 26 181(9.8) 175(9.7)
group, hand preference, paternal occupatic Z'g'z'él ii zé-(l)ggf) iéisg;
and need for treatment had no S|_gn|f|ca|_1 S 21 259(70) 242(85)
effect on any ofthe neurops_ychologlcal vari- ;445 26 278(55  265(7.2)
ables used in data analysis. Therefore, r 76711 22 272(59) 27.8(4.7)
further mention of these demographic vari 8,0-85 24 284(52)  28.9(4.6)
ables will be made in the presentation of th 8.6-8.11 22 298(08)  29.3(34)
results 9,0-9,5 23 282(64)  28.9(4.8)
' 9,6-9,11 20 29.1(28)  29.3(24)
10,0-10,5 24 30.0(0) 29.8(1.2)
Motor Persistence and Right-Left 10,6-10,11 22 29.8(1.1) 29.1(3.1)
Discrimination Tests 11,0-11,5 21 30.0(0) 30.0 (0)
11,6-11,11 22 29.9(04)  30.0(0)
A MANOVA of the data for the perfor- igi;i z; 38-2 g gg-g Eg;
mance in the Motor Persistence (Denckla’ '/ /") 24 300(0) 20.6(2.0)

and Garfield's Tests) and the Right-Left Dis-
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at which children should perform the differ-Attention and Memory Tests
ent tasks included in the Right-Left Dis-
crimination Test. The normative data for The normative results for the performance
Garfield’s tests are not shown because nof the Immediate and Delayed Recall Bender
effect of gender or age was found, i.e., chilTest, WISC-R’s Digit Span subtest and the
dren of both sexes performed at ceiling lev€olor Span Test are shown in Tables 3, 4 and
els (40 s over two trials for each task) fronb, respectively.
the earliest age examined. MANOVA performed on the data re-
Comparison of our data with the datavealed significant sex (F = 2.81, P = 0.005)
reported by Denckla (5) revealed thatnd age (F = 5.43, P = 0.0001) effects.
there were no major differences in theANOVA on error scores on the Immediate
performance of the test of Balancing on Onand Delayed Recall Bender indicated sig-
Foot between Brazilian and American chil-nificant gender and age effects. However,
dren. Additionally, our results are equiva-there were no sex or age effects on time to
lent to those reported by Garfield (6) for U.Scomplete either modality2ost hocanalysis
children in the age range that he examineaf the data revealed that girls outperformed
However, we found that Brazilian childrenboys and older children outperformed
show a delay in the attainment of the identiyounger children in both modalities of the
fication of single lateral parts of their ownRecall Bender.
body and in executing uncrossed commands Further analysis of the data demonstrated
in comparison to North American childrena significant effect of age, but not of gender,
(4), but they later catch up, so that by agen the performance of the Forward and Back-
eleven their performance becomes indistirward sections of the Digit Span Test such
guishable from that of U.S. children. that the older the child the better the perfor-
mance. Moreover, age had a significant ef-
fect on the performance of each subtest of
Table 2 -Ages_ at which (_:hilt_jre_n should perform the the Color Span Test, but sex had an effect
tasks of the Right-Left Discrimination Test. . .
only on the performance of the Visual-Vis-
Tk Age ual and Verbal-Visual subtest$ost hoc
analysis of the data revealed that older chil-

1. Show me your left hand 8 dren performed each modality better than
2. Show me your right eye 7-8 K . i

3. Show me your left ear 7.8 younger children. Additionally, girls outper-

4. Show me your right hand 7-8 formed boys in the Visual-Visual subtest.
5. Touch your left ear with your left hand 9 However, thEpOSt hocScheffé test for gen-

6. Touch your right knee with your right hand 9 der comparison in the performance of the
i VBWED BT B ey ol ELT (B erel @ Verbal-Visual modality was nonsignificant.

8. Touch your right ear with your right hand 9 Covariate analvsis of variance with age
9. Touch your right eye with your left hand 10 . y . g
10. Touch your right ear with your left hand 10 as the covariate revealed that nonachievers
11. Touch your left knee with your right hand 10 made Signiﬁcanﬂy more errors in the Imme-
12. Touch your left eye with your right hand 10 diate (F =375 P =0 05) and Delayed
13. Point to my right eye 11 (F=3.66, P =0.05) Recall Bender Tests than
14. Point to my left leg 11 achievers. There were no differences be-
15. Point to my left ear 11 . .

16. Point to my right hand 1 tween groups in the time to complete the

Bender Tests. Additionally, nonachievers

17. Put your right hand on my left ear 13 . .

18 PULyour [Sft handlonmyllettieye 13 performed worse than achleyers inthe Bgc_k-
19. Put your left hand on my right shoulder 13 ward, but not Forward, section of the Digit
20. Put your right hand on my right eye 13 Span Test (|: = 4.69, P = 0_03), and each
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subtest of the Color Span Test (Visual-Visimance of U.S. and Brazilian children in the
ual: F=11.61, P =0.0007; Visual-Verbal: FBackward modality of the Digit Span dem-
=8.42, P =0.003; Verbal-Visual: F =5.23, Ponstrated that U.S. children performed bet-
=0.02; Verbal-Verbal: F = 6.19, P = 0.01).ter than Brazilian children irrespective of
Multiple bilateral t-test comparisons of gender in some, but not all, age groups.
our data on the performance of the DigiBonferroni’s correction for the alpha level
Span Test (Forward and Backward) to thosef significance obliterated most of the statis-
reported for U.S. children (11) revealed thatical differences found for the Backward
U.S. children outperformed Brazilian chil- modality and several of the differences found
dren in the Forward Digit Span across botlfor the Forward modality (Brazilian-U.S.
genders and all ages, except for the 14 yeahildren comparison data are available
and older groups. Comparison of the perforfrom the senior author).

Table 3 - Error scores for the Immediate and Delayed Memory modalities of the Bender Test for boys and girls

across age.

Data are reported as means with the standard deviation within parentheses. N, Number of children.

Age Immediate Memory Delayed Memory
(years, months)
Male Female Male Female
5,0-5,5 M (SD) 23.1(4.5) 21.8(3.8) 22.9(4.7) 21.7 (4.0)
N 14 12 14 12
5,6-5,11 M (SD) 22.5(3.6) 18.2 (3.9) 22.3(3.6) 18.1(4.0)
N 13 15 13 15
6,0-6,5 M (SD) 20.8(4.1) 18.5(3.5) 20.8(4.1) 18.5(3.5)
N 12 12 12 12
6,6-6,11 M (SD) 18.8(3.7) 18.0(3.7) 18.7 (3.7) 18.0(3.7)
N 10 11 10 11
7,0-7,5 M (SD) 16.5 (5.6) 14.8(4.1) 16.5 (5.6) 14.7 (4.2)
N 13 13 13 13
7,6-7,11 M (SD) 17.6 (4.5) 15.0(3.4) 17.5(4.6) 14.9(3.3)
N 11 11 11 11
8,0-8,5 M (SD) 16.5(3.3) 12.5(4.5) 16.5(3.3) 12.5(4.5)
N 13 11 13 11
8,6-8,11 M (SD) 15.6 (4.7) 11.2(3.4) 15.6 (4.7) 11.2 (3.4)
N 11 11 11 11
9,0-9,5 M (SD) 13.1(6.1) 13.1(3.0) 13.1(6.1) 13.0(3.3)
N 12 11 12 11
9,6-9,11 M (SD) 10.1 (4.5) 11.7 (4.5) 10.1 (4.5) 11.7 (4.5)
N 10 10 10 10
10,0-10,5 M (SD) 13.3(3.6) 11.8(3.6) 13.3(3.6) 11.8(3.8)
N 11 13 11 13
10,6-10,11 M (SD) 13.0(3.1) 10.7 (4.3) 13.0(3.1) 10.6 (4.3)
N 11 11 11 11
11,0-11,5 M (SD) 10.3(4.1) 10.5(3.6) 10.3(4.1) 10.5(3.6)
N 11 10 11 10
11,6-11,11 M (SD) 11.8 (6.1) 7.8 (4.6) 11.8 (6.1) 7.8 (4.6)
N 11 11 11 11
12,0-12,11 M (SD) 10.2 (4.1) 8.5(4.2) 10.2 (4.1) 8.5(4.2)
N 10 11 10 11
13,0-13,11 M (SD) 7.4 (5.0) 6.8 (4.0) 7.4 (5.0) 6.8 (4.0)
N 15 13 15 13
14,0-15,11 M (SD) 8.1(4.3) 7.8 (4.0) 8.0(4.1) 7.7(4.1)
N 11 13 11 13

Braz J Med Biol Res 31(3) 1998
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Multiple t-tests of the differences in per- cant differences for age (F =5.01, P =0.0001)
formance in the modalities of the Color Sparn the drawing of own figure. Boys drew the
Test for U.S. and Brazilian children acrosdigures of a man (F = 4.26, P = 0.039) and a
gender and age demonstrated significantoman (F =19.27, P = 0.0001) significantly
differences in performance between thevorse than girls. Further analysis of the data
two groups of children for each modality,revealed that the performance of children in
especially the Visual-Visual modality. the drawing of each of the three figures
Bonferroni’'s correction for the alpha levelimproved significantly with age. In addition,
of significance did not alter the pattern ofthere were no significant differences in per-
these differences in a major way (Brazilianformance between the drawing of the figure
US children comparison data are availablef a man and oneself for boys, and between

from the senior author). the drawing of the figure of a woman and
oneself for girls.
Human Figure Drawing Test Covariate analysis of variance with age

as the covariate showed that nonachievers
The normative data for the performanceperformed the Human Figure Drawing Test
of the Human Figure Drawing Test for boyssignificantly worse than achievers (man: F =
and girls across age are presented in Table®65, P = 0.01; woman: F = 6.24, P = 0.01;
MANOVA revealed significant differences own figure drawn by boys: F = 3.54, P =
forgender (F=12.71, P =0.0001) and age (€.06; own figure drawn by girls: F =13.80, P
= 9.26, P = 0.0001) in the drawing perfor= 0.0003).
mance of a man and a woman, and signifi- Comparison of the results reported by
Harris (9) with the present data indicated
that Brazilian children performed the Hu-
man Figure Drawing Test significantly worse
than U.S. children across all ages, except for
Dat_a gre rgp(_)rted as means with the standard the 6—year—old group of girls drawing the
deviation within parentheses. N, Number of chil- g .
dren. man’s figure. The use of Bonferroni's cor-
rection for the alpha level of significance
Age N  Forward  Backward would not change this conclusion in a sig-
(vears, months) nificant way, since only the performance of

Table 4 - Scores for WISC-R Digit Span subtest
across age.

M (SD) M (SD) . .

15-year-old Brazilian boys drawing the man’s
5,0-5,5 25 15(1.4) 0.2(0.6) figure would become equivalent to that of
L v ZZiy e their U.S. counterparts (Brazilian-U.S. chil-
GRS 23 24(L8) 0-9(L3) dren comparison data are available from the
6,6-6,11 21 32(L6) 1.6(1.8) :
7,0-7,5 26 35(12)  23(14) senior author).
7,6-7,11 21 38(13)  2.6(14)
8,0-8,5 24 41(1.2) 3.4(1.3) Factor analysis of the neuropsychological
8,6-8,11 22 40(11)  36(1L5) battery data
9,0-9,5 23 44(13) 29(13)
9,6-9,11 20 41(14) 3412 . . S
10,0-10.5 24 42(12) 38(16) Motor pe_r5|_stence and right-left discrimi-
10,6-10.11 22 4512  37(L3) nation. A principal components factor anal-
11,0-11,5 21 48(1.4) 48(1.7) ysis of the data on the Denckla’'s and
11,6-11,11 22 49(13) 3.5(1.4) Garfield’s Tests of Motor Persistence, the
12,0-12,11 Zi - salll) asa Right-Left Discrimination Test, Human Fig-
e 28 52(L9) 48(1.1) ure Drawing Test and the factor scores of the
14,0-15,11 24 53(11)  50(L5)

ComTRS (10) revealed five factors. The first
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factor ("Human Body Representation”)extracted from the principal components
extracted from this analysis included vari-analysis of the Attention and Memory Tests,
ables related to the performance of the Huhe Human Figure Drawing Test and the
man Figure Drawing Test and the Right-Leffactor scores of the ComTRS (10). The first
Discrimination Test. The second factor (“Hy-factor (“Attention-Memory”) included vari-
peractivity-Inattention”) consisted of theables related to the performance of the At-
scores on the Hyperactivity-Conduct Probtention and Memory Tests (Digit Span, Color
lem, Independent Functioning-Positive SoSpan, error scores on the Immediate and
cialization and Inattention factors of theDelayed Recall Bender). The second factor
ComTRS (10). The third factor (“Motor Per- (“Visuospatial Memory”) comprised vari-
sistence of the Legs”) included the variableables related to the performance of the Hu-
derived from the Denckla test (balancing orman Figure Drawing and error scores in the
the right and left foot). The fourth factorImmediate and Delayed Recall Bender. Er-
(“Anxiety-Negative Socialization”) com- ror scores in the Immediate and Delayed
prised the scores on the Anxiety and NegaRecall Bender showed loadings evenly split
tive Socialization factors of the ComTRSon the first two factors. The scores on factors
(10). The fifth factor (“Orbito-Orobuccal Hyperactivity-Conduct Problem, Independ-
Motor Persistence”) included the last threent Functioning-Positive Socialization and
tasks of the Garfield Test (protruding thelnattention of the ComTRS (10) made up the
tongue with eyes closed; protruding thehird factor (“Hyperactivity-Inattention”)
tongue with eyes open; keeping the moutkxtracted from the data. The fourth factor
open). (“Anxiety-Negative Socialization”) included
Attention and memor¥ive factors were the scores on the Anxiety and Negative So-

Table 5 - Scores for the different subtests of the Color Span Test across age.

Data are reported as means with the standard deviation within parentheses. N, Number of children.

Age Visual-Visual Visual-Verbal Verbal-Visual Verbal-Verbal
(years, months)
N M (SD) N M (SD) N M (SD) N M (SD)

5,0-5,5 24 0.9(0.9) 24  1.0(1.1) 24  2.0(1.6) 24 29(1.8)
5,6-5,11 28 1.0(1.2) 27 2419 27  3.0(1.5) 28 43(1.1)
6,0-6,5 23  13(1.1) 23 2.2(15) 23 3419 23  45(1.6)
6,6-6,11 20 2.3(2.0) 20 3.2(2.1) 20 4.3(1.6) 21  51(1.4)
7,0-7,5 26 2.8(1.8) 26 4.2(1.7) 26 5.0(1.1) 26 5.1(1.4)
7,6-7,11 21  3.6(1.4) 21  43(1.7) 21  49(1.9) 21 5.8(1.6)
8,0-8,5 24  4.1(1.8) 24  48(1.3) 24 53(1.1) 24 5.38(1.3)
8,6-8,11 22 44(1.7) 22 47(15) 22 55(1.2) 22  6.1(1.6)
9,0-9,5 23 4.7(1.6) 23  5.3(1.4) 23  59(1.2 23 6.0(1.5)
9,6-9,11 20 5.4(1.8) 20 6.1(1.6) 20 5.7(1.6) 20 6.0(1.3)
10,0-10,5 24  4.4(1.6) 24  5.2(1.4) 24 5.2(0.9) 24  6.0(1.6)
10,6-10,11 22 52(21) 22 5.4(13) 22  5.6(1.3) 22 6.3(1.9)
11,0-11,5 21 6.0(1.9) 21  6.0(1.3) 21  6.4(1.9) 21  6.8(2.1)
11,6-11,11 22 59(15) 22 6.3(1.8) 22  6.1(1.9) 22 7.0(1.3)
12,0-12,11 21 6.8(1.2) 21 6.4(1.7) 21 6.9(1.3) 21 7.0(1.3)
13,0-13,11 28 6.6(1.9) 28  6.9(1.6) 28 6.5(1.1) 28  6.8(1.7)
14,0-15,11 24  6.0(1.7) 24  6.8(1.4) 24 7.0(1.2) 24  7.0(1.5)
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cialization factors of the ComTRS (10). Lastdren performed the Denckla Motor Persis-
the fifth factor (“Neuropsychomotor Speed”)tence Task, the Right-Left Discrimination,
consisted of the time to complete the Immethe Immediate and Delayed Recall Bender,

diate and Delayed Recall Bender. the Digit Span, the Color Span and the Hu-
man Figure Drawing Tests, but not the
Discussion Garfield Motor Persistence Tests, better than

younger children. Additionally, girls per-
The results show that ethnic group, paterformed the Immediate and Delayed Recall
nal occupation, hand preference and nedgender, the Visual-Visual subtest of the Color
for treatment (according to the teacher) ha8pan and the Human Figure Drawing better
no effect on performance of the neuropsythan boys. However, there were no differ-
chological battery. Additionally, older chil- ences between the peformance of boys and

Table 6 - Scores for the Harris Human Figure Drawing Test for boys and girls across age.

Data are reported as means with the standard deviation within parentheses. N, Number of children.

Age Draw-a-Man Draw-a-Woman
(years, months)
Male Female Male Female
5,0-5,5 M (SD) 10.7 (4.7) 9.4 (3.9) 11.3 (4.5) 8.8(3.7)
N 12 10 12 10
5,6-5,11 M (SD) 10.0(2.6) 14.6 (4.6) 10.9(3.3) 14.4(4.1)
N 12 14 12 14
6,0-6,5 M (SD) 11.6 (3.4) 15.2(3.8) 11.3(3.9) 15.5 (4.0)
N 12 11 12 11
6,6-6,11 M (SD) 16.2 (3.4) 18.2(4.9) 16.8 (4.7) 20.9(4.2)
N 10 10 10 10
7,0-7,5 M (SD) 16.5 (5.8) 19.3(5.3) 16.0 (4.7) 21.1(7.1)
N 12 12 12 12
7,6-7,11 M (SD) 16.1(4.7) 17.9 (4.4) 15.1(3.9) 19.7 (4.3)
N 11 11 11 11
8,0-8,5 M (SD) 17.6 (5.1) 20.6 (3.7) 17.5(3.5) 22.6 (4.3)
N 13 11 13 11
8,6-8,11 M (SD) 17.1(5.5) 19.1(5.3) 19.1(7.5) 19.1(5.4)
N 11 11 11 11
9,0-9,5 M (SD) 22.7 (10.4) 21.5(6.4) 20.6 (8.1) 23.0(6.5)
N 12 11 12 11
9,6-9,11 M (SD) 24.8 (6.0) 23.3(6.4) 25.5(6.5) 245 (6.9)
N 10 10 10 10
10,0-10,5 M (SD) 21.5(6.8) 22.4(3.5) 20.1 (5.0) 24.6 (5.5)
N 11 13 11 13
10,6-10,11 M (SD) 21.1(7.0) 23.1(5.3) 21.0(5.3) 23.5(4.5)
N 11 11 11 11
11,0-11,5 M (SD) 26.3 (10.4) 26.5 (6.6) 27.2(10.7) 30.9 (8.5)
N 11 10 11 10
11,6-11,11 M (SD) 22.3(7.2) 29.9(10.1) 23.5(6.1) 32.2(9.4)
N 11 10 11 10
12,0-12,11 M (SD) 28.2(8.4) 30.9 (8.5) 27.4(8.5) 34.3(10.7)
N 10 11 10 11
13,0-13,11 M (SD) 28.8 (10.4) 29.0(10.2) 28.4 (12.4) 30.6 (11.7)
N 12 12 12 12
14,0-15,11 M (SD) 33.3(13.4) 28.1(5.7) 31.7 (10.1) 30.2(7.8)
N 11 13 11 13
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girls in Motor Persistence, Right-Left Dis- tests between Caucasian and African Ameri-
crimination, Digit Span and the remainingcans. As opposed to race, indices of socio-
three subtests of the Color Span Test (Vissconomic status are commonly reported to
ual-Verbal, Verbal-Visual and Verbal-Ver- have significant effects on neuropsychologi-
bal). Furthermore, the performance of noneal test performance (e.g., 23). Therefore,
achievers was equivalent to that of achievettfe lack of effect of an index of socioeco-
in the Motor Persistence Tests, the Backaomic status, i.e., paternal occupation, ob-
ward section of the Digit Span and the timeserved in the present study seems odd in
to complete the Bender Tests, but was worsgew of the significance of socioeconomic
in the Right-Left Discrimination, the Imme- variables for neuropsychological perfor-
diate and Delayed Recall Bender, the Colamance. For example, in a major review of the
Span subtests and the Human Figure Drawduman Figure Drawing Test, Scott (26) con-
ing Test. Comparison of our data to thoseluded that socioeconomic status had a more
gathered in the U.S. showed no differencegowerful effect on Human Figure Drawing
between Brazilian and American children irthan race, geographic location, or size of
the performance of the Motor Persistencelace of residence. It is possible that we
and possibly the Backward Digit Span Testxould not find a significant effect for pater-
However, U.S. children outperform Brazil-nal occupation due to the relatively small
ian children in the Right-Left Discrimina- sample size after removal of 114 children for
tion, the Forward Digit and the Color Sparwhom parental occupation could not be as-
Tests, and the Human Figure Drawing. Lackertained.
of normative datain the U.S. precludes com- As emphasized by Lezak (23), children’s
parisons with Brazilian children in relation behavior is expected to change with age.
to the Immediate and Delayed Recall Bendef herefore, age effects on neuropsychologi-
Factor analysis of the data for Motor Persiseal performance are to be expected, as re-
tence and Right-Left Discrimination with ported in this study, and so age should be
the addition of the behavioral data and théaken into account when using most of the
performance of the Human Figure Drawinghormative data presented here, with the ex-
indicated the presence of five factors: Hueeption of Garfield's Motor Persistence Tests,
man Body Representation, Hyperactivity-In-which children performed at ceiling levels at
attention, Motor Persistence of the Legsall ages in the age range examined. Further-
Anxiety-Negative Socialization, and Orbito-more, it has been repeatedly shown that there
Orobuccal Motor Persistence. A similar facis a differential rate in neurobehavioral de-
tor analysis of the results in the Attentionvelopment for boys and girls (23). Our data
and Memory Tests demonstrated five facare consistent with this view insofar as we
tors: Attention-Memory, Visuospatial found that girls outperformed boys in sev-
Memory, Hyperactivity-Inattention, Anxiety- eral instruments of the neuropsychological
Negative Socialization, and Neuropsychobattery used in the present study such as the
motor Speed. Recall Bender and the Human Figure Draw-
The lack of effect of race on performanceng. Boys, however, did not outperform girls
of the neuropsychological battery is in keepin any of the instruments of this battery. At
ing with current controversies on the effecbest, they performed at the same level as
of racial differences on test performance. Agirls. Interestingly, in contrast to the present
discussed by Lezak (23), racial differenceseport, Hutz and Antoniazzi (3) were unable
are confounded with socioeconomic differ<o find gender differences in the performance
ences, although there seems to be congrof the Human Figure Drawing by Brazilian
ence in the subjacent abilities of cognitivechildren. Differences in administration (one

Braz J Med Biol Res 31(3) 1998
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vs three figures) and scoring proceduresorticobulbar subtypes of motor persistence,
(Koppitz (24)vsHarris (9)) may account for and the possibility that each subtype may be
the discrepancy between the two studiesmpaired differentially in the clinical setting.
Our results, however, are consistent witlrurthermore, the factorial structure of the
significant age, but not gender, effects redata suggests that Right-Left Discrimination
ported for a battery of soft neurological signsis associated with the same dimension of test
including standing on one leg and right-lefjperformance as the Human Figure Drawing,
discrimination, administered to Colombianwhich may imply that it requires perceptuo-
children (27). motor or cognitive representational processes
Our data indicate a discrepancy betweefor its correct execution. The close associa-
clinical and criterion-related validity of the tion of Right-Left Discrimination and cogni-
instruments included in the neuropsychotive functioning has also been reported by
logical battery in the sense that the need father investigators (e.g., 29). Additionally,
treatment as ascertained by teachers w#se finding that the error scores in the Imme-
without effect, while academic standingdiate and Delayed Recall Bender were asso-
(achieversvs nonachievers) had a signifi- ciated with the same factorial construct as
cant effect on the performance of all tests adhe Digit Span and Color Span Tests indi-
the neuropsychological battery with the exeates that these two Recall modalities of the
ception of the Motor Persistence Tests anBender Test require attentional and working
the Backward section of the Digit Span Testmemory mechanisms for their execution.
The difference in performance betweerMoreover, the fact that performance in the
achievers and nonachievers is consistent witRecall Bender modalities is also associated
the available evidence in the sense that rightvith the same dimension as the Human Fig-
left discrimination (4), and attention (e.g.,ure Drawing Test implies that perceptuomo-
28) and memory (e.g., 13-15,28) difficultiestor or cognitive processes are required for
may be related to achievement problemsheir performance, in addition to attentional
The above discrepancy corroborates datnd working memory mechanisms. Itis wor-
published previously (22) and indicates thathy to note that neuropsychomotor speed
the neuropsychological battery used in theomprised an entirely independent factorial
present study possesses criterion-related vdimension, which is consistent with data
lidity (i.e., the criterion of academic perfor-reported elsewhere (22).
mance) but lacks clinical-related validity (i.e., The dimensional analysis also demon-
teacher as a referral source). However, adrated the close association of the ComTRS
discussed elsewhere (22), the apparent la¢k0) factorial construct Hyperactivity-Con-
of clinical validity of the neuropsychologi- duct Problem, Inattention and Independent
cal battery may be related to the fact thafunctioning-Positive Socialization. Such
teachers involved in this study lack familiar-close association is expected from data re-
ity with behavioral rating scales, have lim-ported by our group (21) and others (e.g.,
ited clinical acumen or are more easily sub30,31). The observed association of the Anxi-
jected to unspecified halo effects. ety and Negative Socialization dimensions
The dimensional structure analysis of theef the ComTRS (10) should be expected
neuropsychological data suggests that motémasmuch as anxious children often are with-
persistence has two dimensions, one invohdrawn.
ing the legs and the other involving the or- Brazilian children clearly performed
bicular muscles of the face and the glossalorse than U.S. children in several instru-
muscles of the oral cavity. Therefore, we caments of the neuropsychological battery, and
surmise the existence of corticospinal andspecially so in the Right-Left Discrimina-



Neuropsychological assessment instruments for Brazilian children 411

tion, Forward Digit Span and all four subtestabstract thinking pattern after the acquisi-
of the Color Span Test. In a previous studyjon of some formal school instruction can
Brito and Santos (22) suggested that perfobe considered consistent with the biocultural
mance differences between Brazilian anihteraction model inasmuch as such a transi-
U.S. children in the normal administration oftion could lead to more sophisticated neuro-
the Bender Test probably reflect differencepsychological functioning and higher occu-
in academic learning time and deficienciepational status. In light of this evidence,
in school instruction techniques. We mayHunt’s idea (36) that preschool enrichment
advance the hypothesis that the same cooeuld function as an antidote for cultural
clusion applies to the differences betweedeprivation would appear to be pertinent.
the two groups of children demonstrated iThe importance of formal school instruction
the present study. In such a case, it is aand enrichment could be evaluated by com-
sumed that the cognitive requirements foparing the neuropsychological test perfor-
the performance of the tests included in thenance of children in Brazilian public versus
neuropsychological battery used in the pregrivate schools. This work is in progress in
ent study represent biologically secondarpur laboratory. In any event, the implica-
abilities in the terminology of Geary (32) ortions of our findings for the Brazilian public
scientific concepts in the terminology ofschool system is clear. It remains to be seen
Vygotsky (33). In other words, the limited whether our current political circumstances
extent of formal academic instruction in Bra-will allow the implementation of the critical
zilian public schools may lead to underdeand necessary changes in the public school
velopment of secondary abilities (e.g., pensector.

cil use, mental manipulation of numbers and

verbal labeling of colors, to cite a few). It isAcknowledgments
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