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Abstract — This study aimed to (1) create percentile curves and norms for the eight subtests of
the Bruininks-Oseretsky Test of Motor Proficiency, 2" edition (BOT-2) for 6- to 10-year-old
Brazilian children and to (2) compare them to the values of the original test manual. To that,
we tested a sample of 931 Brazilian children (477 girls, 454 boys) with ages between 6 to 10
with the BOT-2 assessment. The LMS method was used to generate the percentile curves and
normative values, with the LMSchartmaker Pro software version 2.54. Results demonstrate
that girls had significantly higher scores for the fine motor precision, fine motor integration,
manual dexterity and balance subtests, while boys had significantly higher scores on upper-limb
coordination, running speed and agility, and the strength subtests. The findings also indicated
higher values for the Brazilian group in the subtests of bilateral coordination, running speed
and agility, balance, and upper-limb coordination when compared to the North American
normative sample. The percentile curves illustrate the increase in motor proficiency levels as
age increases, with different trajectories for each subtest. Future studies should continue the
investigation of cultural norms and appropriate assessments for the Brazilian population. Here,
the creation of percentile curves and norms that are better suited for the Brazilian population
can significantly help with assessment and intervention for motor development in distinct

settings and with typical and atypical school-age children.
Key words: Children; Motor development; Motor proficiency; Norms; Percentile curves.

Resumo — Esze estudo objetivou (1) criar curvas e normas percentilicas para os oito subtestes do Teste
de Proficiéncia Motora Bruininks-Oseretsky, 24 edi¢do (BOT-2) para criangas brasileiras de 6 a 10
anos e compard-las com os valores do manual de teste original. Para tanto, testamos uma amostra de
931 criangas brasileiras (477 meninas, 454 meninos) com idades entre 6 a 10 anos com a avaliagio do
BOT-2. O método LMS foi usado para gerar as curvas de percentil e valores normativos, utilizando
o software LMSchartmaker Pro versdo 2.54. Os resultados demonstram que as meninas tiveram
escores significativamente mais altos nos subtestes de precisio motora fina, integragdo motora fina,
destreza manual e equilibrio, enquanto os meninos tiveram escores significativamente mais altos nos
subtestes de coordenagdo de membros superiores, velocidade de corrida e agilidade e fora. Os resultados
também indicaram valores mais elevados para o grupo brasileiro nos subtestes de coordenagdo bilateral,
corrida de velocidade e agilidade, equilibrio e coordenacio dos membros superiores quando comparados
com a amostra normativa norte-americana. As curvas percentz’licas ilustram o aumento nos niveis
de proficiéncia motora a medida que a idade aumenta, com diferentes trajetdrias para cada subteste.
Estudos futuros devem continuar a investigagio de normas culturais e avaliacoes apropriadas para a
populagao brasileira. Neste estudo, a criagdo de curvas e normas percentilicas mais adequadas para a
populagio brasileira pode ajudar significativamente na avaliagdo e intervengio para o desenvolvimento
motor em diferentes contextos e com criangas em idade escolar tipicas e atipicas.

Palavras-chave: Criancas; Desenvolvimento motor; Proficiéncia motora; Normas; Curvas percentilicas.
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Percentile curves for motor proficiency

INTRODUCTION

Motor proficiency is the ability to perform several motor skills efficiently,
such as running, kicking, and jumping'. Motor proficiency can also be
defined as motor “competence” — determined that motor competence is a
global term reflecting various terminologies that have been used in previ-
ous literature (i.e., motor proficiency, motor performance, fundamental
movement/motor skill, motor ability, and motor coordination) describing
goal-directed human movement. Here, we examine motor proficiency in
the context of a cultural setting, with a Brazilian population of school-
age children. Motor proficiency is key to a healthy development, as low
motor proficiency in childhood has been associated with anxiety and de-
pression, poor social skills and low self-esteem, lower quality of life, low
cardiorespiratory fitness and obesity. Given these negative association,
early identification of problems through effective assessment for further
intervention is extremely important®.

Several standardized test batteries are used for assessment of motor
proficiency in childhood —among those, the most commonly used and well-
known are the Test of Gross Motor Development (TGMD) Movement
Assessment Battery for Children, 2™ edition (MABC-2) Kérperkoordina-
tionstest Fur Kinder (KTK) and the Bruininks-Oseretsky Test of Motor
Proficiency, 2" Edition (BOT-2). All of the tests above have been validated
for Brazilian children, except for the KTK and BOT-2 assessments. The
TGMD-3 was translated and is a valid and reliable instrument for Brazilian
children®. The MABC-2 was also translated to the Brazilian population,
and the authors confirmed that the original standardized scores established
for the MABC-2 are valid in Brazilian children®.

Here, we will address the creation of percentile curves and norms with
the BOT-2 assessment. The BOT-2 is one of the most comprehensive as-
sessments for motor proficiency, and also one of the most widely used test
of motor skills’. The BOT-2 has a wide range of components and provides
an overview of the child’s motor proficiency level®. Cools’ report that the
BOT-2 is a very detailed instrument that provides information on skill
mastering: beneath and above skill level, while accounting for qualitative and
quantitative aspects of movement behavior. Among its main qualities, BOT-
2 has good-to-excellent data reliability®’, it categorizes motor proficiency
for a wide age group (4 to 21 years old), in addition to providing a detailed
motor evaluation through the subtests that can be evaluated separately’.

The BOT-2 is considered one of the most internationally used bat-
teries’. 'Therefore, careful evaluation is required, especially with respect
to standards and cut-off points suggested for other samples. The creation
of normative values for Brazilian children can be justified by the great
geographic extent, cultural, ethnic and socioeconomic diversity, which
can affect motor proficiency. On the other hand, environmental, cultural
and even genetic differences can be seen within the same country or re-
gion, which are mainly related to social conditions, health and the daily
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routines of children and, thus, more precise readings that are closer to
reality are required®. Based on the above considerations, the present study
aimed to (1) calculate percentile curves for the eight BOT-2 subtests, and
to (2) compare and contrast the results with the values determined in the
original test manual.

METHOD

Participants
'The sample comprised 6-to-10-year-old students, of both sexes, enrolled in
public and private elementary schools of the city of Maringa. The city of
Maringa, situated in the North Central region of Parand, has approximately
403,063 inhabitants and a Human Development Index (HDI) of 0.808,
which is considered high. In 2015, there were 16.335 children enrolled in
elementary education in the municipal school system, and 7.362 in private
schools. After this survey, a sample calculation was performed based on
the formula proposed to establish the necessary number of 6-to-10-year-
old children who would represent the city of Maringa. Therefore, 603
children enrolled in public schools and 328 children enrolled in private
schools were included in the sample, for a total of 931 (477 girls and 454
boy). All procedures were approved by the Institutional Review Board
(IRB) of the local university).

'The sample distribution according to age and sex: 6 years old (boys:
45; girls: 50); 7 years old (boys: 80; girls: 97); 8 years old (boys: 128; girls:
120); 9 years old (boys: 133; girls: 135) and 10 years old (boys: 68; girls:
75), totalizing 454 boys; 477 girls (931 total of students).

Instruments
'The Bruininks-Oseretsky Test of Motor Proficiency — Second Edition®is a
standardized test that measures motor performance in individuals ages 4- to
21 years. It assesses both fine- and gross motor skill performance using 53
items divided in four motor composite areas including Fine Manual Con-
trol, Manual Coordination, Body Coordination, and Strength and Agility.
The composite scores are derived from eight subscales (Fine Motor
Precision: Score (points) 0 — 41; Fine Motor Integration: Score (points)
0 — 40; Manual Dexterity: Score (points) 0 — 45; Upper-Limb Coordina-
tion: Score (points) 0 — 39; Bilateral Coordination: Score (points) 0 — 24;
Balance: Score (points) 0 — 37; Running Speed: Score (points) 0 - 52 and
Agility and Strength: Score (points) 0 - 42). These scores are converted
into standard scores and percentiles according to the manual, and norms
for each gender are used. In addition, the following descriptive categories
according to the percentile rank as described in the test manual are utilized
for total motor competence: well-above average (percentile 98 or greater),
above average (percentile 84-97), average (percentile 18-83), below average
(percentile 3-17), and well-below average (percentile 2 or less). Here, we
utilized a translated version from English to Portuguese.
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Procedures

Three trained researchers administered the assessment in an isolated space
in each child’s school. Each child was individually evaluated during the
performance of the 53 tasks, with each assessment lasting 35 to 60 minutes.
Initially, the evaluator provided the child with the necessary instructions for
each task. The sequence of the tests rigorously followed the proposal of the
manual, starting with the tasks related to manual dexterity and finishing
with strength tasks, since reversing the application order could compromise
motor performance in certain tasks due to tiredness and/or fatigue.

Data analysis

Percentile curves were obtained by using the LIMS method, implemented
with the LMSchartmaker Pro software version 2.54%. In order to normal-
ize the distribution of values in each of the variables, the LMS method
uses the Box-Cox transformation, specific for each age; and L, M and S
values are Cubic Splines in each age range. This method consists of three
smoothing age-specific curves, which are referred to as L curve (Box-Cox
transformation), M curve (median) and S curve (coefficient of variation)
based on the following equation:

1/L(1)

C .= MO[T+L{H) SOZ]

Where Za is the equivalent normal deviation for the total sample, a
and C100a. (t) are the corresponding percentiles. The smoothing complex-
ity of each curve was measured through the degrees of freedom equivalent

for L (#), M () and S(9). Q_Tests® were used for fit adequacy, as well as

representations of Worm plots®’.
RESULTS

Table 1 shows the descriptive results of both sexes at different ages for the
eight BOT-2 subtests. In general, boys and girls showed increases mean
values by age. The maximum values reached at all ages by girls in the subtests
of Balance (37 points) and Bilateral Coordination (24 points) are highlighted.
Figures 1 and 2 shows the percentile reference curves for the eight BOT-
2 subtests. In all subtests, there was an increase in motor proficiency by age,
whose magnitude is conditioned to both sex and the subtest. In general,
girls showed higher scores in the subtests of fine motor precision, fine mo-
tor integration, manual dexterity, and balance. Boys, on the other hand,
presented higher scores in the subtests related to upper-limb coordination,
running speed and agility, and muscular strength. Considering the bilateral
coordination subtest, the girls showed higher scores up to 8 years of age.
Table 2 shows the percentiles for each age (P3, P10, P50, P75, P90,
P97) of boys and girls by each subtest. In the fine motor precision subtest,
the mean value (P50) of boys and girls at ten years of age is very similar
(~34.04 points). Similarly, in the fine motor integration subtest, girls showed
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a mean value (P50), only 0.9 points higher compared to boys. The values
increase as age increases, for example, at 10 years of age, girls showed a mean
value of 28.69 points, whereas the boys scored 24.75 points. Considering
the bilateral coordination subtest, there was a progressive increase for both
sexes, with a mean value (P50) of 6 years of age of 18.08 points for girls
and of 16.94 points for boys, and reaching 22.53 points and 22.76 points,
respectively. Boys showed better performance than girls across all ages in
the upper-limb coordination subtest. This difference was seen at all ages.
The running speed and agility subtest showed a mean value (P50) of 29.42
points for 6-year-old boys and 35.81 points for 10-year-old boys. In strength,
a clear distinction emerged, where the boys showed higher scores at all ages.

Table 1. Mean, standard deviation and amplitude for the eight BOT-2 subtests, according to sexand age.

Ferreira et al.

Age
Variables Gender 6 7 8 9 10
Mean (+) SD Mean (+) SD Mean (+) SD Mean (+) SD Mean (+) SD
min - max min - max min - max min - max min - max
Bovs 23.68 £ 6.03 27.95+5.65 30.94 + 4.81 32.78 +4.02 33.55+3.70
) » v 10-35 11-36 18-40 22-39 20-40
Fine Motor Precision
Girls 26.94 £ 5.71 29.58 + 4.38 32.66 + 3.77 33.61 + 3.51 34.97 £ 3.04
15-40 19-39 20-39 22-40 26 - 41
Boys 21.86 + 5.71 25.78 + 6.08 28.21 £ 4.56 29.38 + 4.06 30.09 £ 4.54
Fine Motor Integra- 10-35 7-36 15-39 17 -39 15- 38
tion Girls 23.90 + 5.67 26.68 + 5.11 29.26 + 4.19 30.18 + 3.70 31.56 + 4.11
12-35 10- 38 18-37 19-38 16 - 39
Bovs 18.89 + 3.37 21.34 +4.04 23.90 + 3.75 26.65 + 3.84 26.67 +4.46
) v 12 - 26 8- 31 15-34 14-35 11-36
Manual Dexterity
Girls 19.88 + 3.46 22.86 +3.75 25.98 + 3.47 2773 +4.03 29.29+413
12 -27 15-32 16 - 34 16 - 39 17 -41
Bovs 26.24 +7.34 28.74 +6.70 32.91+5.39 34.78 + 4.21 35.87 +£3.14
Upper-Limb Coordi- v 10 - 37 9-39 15-39 12 -39 24 -39
nation Girls 20.42 +7.49 26.92 + 6.63 29.74 + 5.64 31.96 + 5.44 34.03+3.39
4-38 6-38 10-39 3-39 26-39
Bovs 16.60 + 4.11 19.00 + 3.42 21.30+2.76 21.96 + 2.52 2177 +2.48
Bilateral Coordina- v 6-23 8-24 8-24 10-24 15-24
tion Girls 18.08 + 3.65 20.39£3.20 2110+ 3.15 21.81+2.20 22.33+1.90
8-24 7-24 7-24 13-24 16 - 24
Bovs 30.22 + 3.30 31.64 + 3.36 32.52 +2.88 33.32 + 2.67 33.22+2.67
Balance v 22-35 20-37 23-37 26 - 37 25-37
Girls 30.94 +3.10 32.25+2.55 33.21 £ 2.57 33.44 £2.71 33.56 +2.48
22 - 37 23-37 22 -37 24 - 37 27 - 37
Bovs 30.40 = 4.01 3110+ 4.91 33.84+4.30 35.29 +4.39 35.24 +4.70
Running Speed and y 23-39 16 - 42 20-44 23-48 16 - 44
Agility Girls 29.20 + 4.60 30.91+4.02 3278 +3.96 34.34 + 411 34.89 + 3.51
16 - 39 15-39 19-40 22-48 27-45
Bovs 16.42 + 5.27 18.73 +5.26 20.65+4.90 22.35+5.21 22.65 +5.57
y 3-27 4-29 8-33 8-33 8-32
Strength
Girls 15.16 + 4.79 17.02 + 4.87 18.92 + 4.85 19.64 + 4.85 20.64 + 5.04
4-27 5-27 8-29 8-29 8-33

Note. SD: standard deviation; Min: Minimum; Max: Maximum.

The comparison of scores between Brazilian and North American
children is shown in Figure 3.
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Figure 1. Percentage curves of the eight BOT-2 subtests for boys.
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Percentile curves for motor proficiency Ferreira et al.

Table 2. Percentile numerical values (P3, P10, P25, P50, P75, P90, P97) of BOT-2 subtests according to sex and age.

Boys Girls
Age Fine Motor Precision
P3 P10 P25 P50 P75 P90 P97 P3 P10 P25 P50 P75 P90 P97
10.07 14.95 19.05 2270 26.05 29.17 3210 1550 19.84 23.39 26.48 29.23 3176 34.09
13.43 18.43 2260 26.28 29.62 3271 3560 1825 2237 2576 2870 3133 33.73 35.94
1813 2274 2658 29.94 3297 3575 3834 2221 2579 2883 3150 3392 3613 38.18
21.92 26.21 29.61 3249 3502 3729 3936 2524 2849 3121 3358 3569 3762 3938
0 25.61 29.05 3177 34.04 36.03 3780 3940 2727 30.28 3273 34.83 36.67 38.33 39.83
Fine Motor Integration
P3 P10 P25 P50 P75 P90 P97 P3 P10 P25 P50 P75 P90 P97
11.67 1458 17.68 20.98 2445 28.09 3188 1279 16.89 2063 2411 2741 30.56 33.59
13.97 1748 20.92 2430 2764 3094 3421 1513 19.08 22.67 26.00 2914 3213 34.98
1725 21.08 2450 2763 30.53 3327 35.86 18.34 2192 2518 2821 31.06 3376 36.34
19.76 2352 26.65 29.39 3184 3408 3615 21.22 2437 2726 2994 3247 3486 3714
0 2095 24.84 2786 30.38 3257 3453 36.30 2354 26.32 28.89 3128 33.53 35.66 37.69
Manual Dexterity
P3 P10 P25 P50 P75 P90 P97 P3 P10 P25 P50 P75 P90 P97
1220 13.99 1587 1784 19.92 2209 2435 1153 14.20 16.61 18.85 20.95 2294 24.84
1406 15.89 17.84 19.93 2216 2453 27.03 1392 16.54 18.99 21.33 2356 2572 27.80
16.44 18.48 20.63 2289 2527 2775 30.35 16.95 19.57 22.09 2452 26.89 29.19 31.44
18.28 20.71 2313 2556 2798 3041 3283 1930 21.95 2451 2697 29.35 3167 33.93
0 19.93 2236 2475 27.08 29.38 31.64 33.87 2133 2385 26.30 2869 31.03 3331 3556
Upper-Limb Coordination
P3 P10 P25 P50 P75 P90 P97 P3 P10 P25 P50 P75 P90 P97
16.05 19.85 23.56 2717 30.72 3421 3765 7.08 11.09 1509 1910 2310 2710 31.10
1743 2212 2610 29.63 32.84 3580 3858 1015 1516 19.72 23.98 28.03 3191 3566
19.61 2559 29.63 3279 3545 3775 39.81 1523 2044 2489 2885 3249 3587 39.06
2228 2892 3247 3501 3702 3870 4016 2023 2476 2856 31.88 34.88 37.62 4017
0 25.85 3163 3437 36.24 3769 3888 39.89 2431 2795 3101 33.68 36.07 3825 40.27
Bilateral Coordination
P3 P10 P25 P50 P75 P90 P97 P3 P10 P25 P50 P75 P90 P97
1260 13.84 1528 1694 18.88 2117 23.88 1179 14.05 1613 18.08 19.92 2167 23.36
13.52 1526 17.00 18.72 20.44 2214 23.84 1249 1559 1794 1988 2156 23.05 24.41
1437 1722 1929 2095 2237 2361 2472 1319 1732 1972 2149 2291 2412 2518
1440 18.80 20.85 2225 23.34 2424 2501 1431 1857 20.68 2215 23.29 2425 25.07
0 16.38 2018 2173 2276 2354 2417 2470 16.31 19.66 2135 2253 23.44 2419 24.83
Balance
P3 P10 P25 P50 P75 P90 P97 P3 P10 P25 P50 P75 P90 P97
25.04 2719 29.08 30.79 3235 33.80 3514 2673 28.22 2967 31.09 3249 33.85 3519
2559 2785 2982 3159 3320 34.68 36.06 2729 2893 3049 3197 3339 3476 36.07
26.42 2874 30.75 3256 3419 3569 37.09 2792 29.77 3144 3299 3442 3575 37.01
2718 2948 3146 33.23 34.82 36.29 3764 2835 30.39 3214 33.69 3508 36.35 3752
0 28.25 30.20 3198 33.62 3515 36.58 3794 2859 30.78 3257 34.09 3543 36.62 37.71
Running Speed and Agility
P3 P10 P25 P50 P75 P90 P97 P3 P10 P25 P50 P75 P90 P97
21.07 2390 26.68 2942 3212 3479 3744 2212 2413 26.23 2842 30.71 33.08 35.54
22.64 2544 2817 30.83 3344 36.00 3851 23.60 2576 2796 30.20 3248 34.80 3715
25.01 2772 30.35 3291 3540 3784 4024 2497 2740 2978 3212 3442 36.68 3891
26.86 29.70 3240 3499 3747 3987 4219 26.26 28.87 31.38 33.81 36.18 38.48 40.72
0 2734 30.37 3318 3581 3831 40.68 4295 2758 2999 3236 3469 36.98 39.25 4149
Strength
P3 P10 P25 P50 P75 P90 P97 P3 P10 P25 P50 P75 P90 P97
6.95 9.81 1280 15.88 19.04 2227 2557 6.33 877 1139 1418 1711 2018 23.38
833 11.32 1440 1755 2075 2401 2730 719 10.05 13.00 16.04 1915 22.31 25.54
10.08 13.31 16.54 1976 22.97 2617 2937 822 1151 1475 1796 2113 2427 2740
11.65 1520 18.60 21.88 25.07 2819 3123 9,57 13.09 1641 19.58 22.63 2560 28.49
0 1290 16.66 2010 23.31 26.36 29.27 32.07 11.30 1473 1786 20.78 23.55 26.19 28.73
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American children showed higher performance on the subtests of fine mo-
tor precision, fine motor integration, manual dexterity, and muscular strength.
However, when assessing manual dexterity, the curves superposed; the 8-year-
old girls and the 6-9-year-old boys showed similar mean results. Brazilian
children also showed better results in the subtests of bilateral coordination,
balance, upper-limb coordination, and running speed and agility, with a dif-
ference range varying between 0.03 and 6.90 points. On the upper-limb coor-
dination subtest, the curves showed similar mean values for both groups. The
same happened for the balance subtest in 6-year-old girls, as seen in Figure 3.

It is estimated that values below the 10" percentile correspond to low
motor proficiency; and values between the 10™ and 90™ percentile are
appropriate for every age and sex, which values above the 90 percentile

considered higher (Table 2).

DISCUSSION

The present study aimed at creating percentile curves for the eight BOT-2
subtests and comparing the motor proficiency of Brazilian children with
the performance of North American children in the reference study®.
Overall, the trajectory of the percentile curves suggests an increase in mo-
tor proficiency levels with age, in both sexes, corroborating with previous
studies'™. Logan et al.'* point out that motor skills performance tends to
increase throughout life due to more effective participation of children in
physical education programs.

It is worth emphasizing that in the present study the increase occurred
between six and eight years of age; and after that, the curves showed ei-
ther a constant increase in the subtest scores, or a plateau. Chaves et al.?,
when analyzing the pseudo-speed curves for the four KTK battery tests,
suggested that there might be a reduction in the annual gains for motor
proficiency between 6 and 10 years of age, and these changes may be specific
to each test and might be associated with gaps in motor learning oppor-
tunities. For example, the strong interindividual variability is expressed in
values ranging between the P3 and the P97 in the different subtests. For
example, in strength, the percentile curves at 6 years of age ranged from
6.95 points (P3) to 25.57 points (P97) for boys; and 6.33 points (P3) and
23.38 points (P97) for girls. This variation shows expressive differences
in motor proficiency levels among children of the same age. These differ-
ences might occur due to individual biological characteristics®, the type
of experience acquired that affect developmental changes during a specific
period, as well influences of culture, family and social constraints™.

Regarding differences in the performance of BOT-2 subtests between
sexes, girls showed better performance in fine motor precision, fine mo-
tor integration, manual dexterity and balance. The study' with Brazilian
children also demonstrated that girls showed higher values in balance, and
there were similar results for Greek'® and Turkish' girls, who demonstrated
better performance in activities involving manual dexterity and balance. On

Rev Bras Cineantropom Desempenho Hum 2020, 22:665027

Ferreira et al.




Percentile curves for motor proficiency Ferreira et al.

40
. ) 40
g | Girolmen) Boys (mean) g | Gils (mean) Boys (mean)
S 36 S 36
= =
5 =
g 32 £ 32
a 5
S 28 E 93,
= s
2 24 = 24
[
=
[
20 20
6 7 8 9 10 6 7 8 9 10 6 7 8 9 10 6 7 8 9 10
Age (years) Age (years)
35 307
= Girls (mean) Boys (mean) 5 Girls (mean) Boys (mean)
= =
§_ 31 g 26+
= S 2]
P;j 27 E 22
S s S 18]
s 38
s =
= 19 5 141
=
15 “ 10
6 7 8 9 10 6 7 8 9 10 6 7 8 9 10 6 7 8 9 10
Age (years) Age (years)
40 - 40
Girls (mean) Boys (mean) ‘g Girls (mean) Girls (mean)
o
374 ;; 364
o~ =
= (=)
§_ 34 ; 32+
: ./N <
% 314 //.—_‘ § 28.
= &
28 2 24
[ o
o
=
25 € 20
6 7 8 9 10 6 7 8 9 10 6 7 8 9 10 6 7 8 9 10
Age (years) Age (years)
= 39 - 39
= Girls (mean) Boys (mean) k= Girls (mean) Boys (mean)
83 g 3
S s
g 7 B 97
g 8
o 23 o 2
E E
- |
L 19 o 19
g g
= 15 =N
6 7 8 9 10 6 7 8 9 10 6 7 8 9 10 6 7 8 9 10
Age (years) Age (years)
—a— USA
—=a— Brasil

Figure 3. Comparison of the mean values of the eight subtests of the BOT-2 test with the values presented in the original test manual
(n = 560).

the other hand, boys showed better performance in upper-limb coordina-

tion, running speed, and agility and strength. Similar results were reported

with Brazilian' and Greek boys”, respectively, who showed higher values

for running speed and agility, and strength. The study'® found better values
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for upper-limb coordination of the boys from Hong Kong and the United
States. Found better speed and agility performance for girls in England,
but that was for younger children (6-to-7-year-old)".

'The differences can be justified by the different levels of physical activity
reported by boys and girls?®. Studies?*? have reported that boys show sig-
nificantly higher levels of physical activity and sport participation than girls.
Culturally, boys are more encouraged to practice sports®, when compared
to girls who are usually poorly encouraged*. Gitls are typically oriented to
practice manual activities, which include playing with dolls and educational
toys**, in addition to a greater attribution of family and domestic chores®.
Motivational aspects, especially concerning girls who tend to adopt less
active behavior with increasing age, may have contributed to these results®.

When comparing the results of this study with the reference scores
described in the BOT-2 manual, children from Brazil showed better
performance in the four BOT-2 subtests: bilateral coordination, running
speed and agility, balance and upper-limb coordination. These results can

be explained due to sociocultural factors. Singer et al.?

pointed out that
mothers of Brazilian children (69%) are more concerned with their chil-
dren’s participation in outdoor activities than mothers of American chil-
dren (12%). American children, on the other hand, showed higher scores
in tasks that require fine motor coordination (fine motor precision, fine
motor integration, manual dexterity) and strength. The amplitude of these
differences ranges between 3.21 points (6-year-old girls) and 3.25 points
(10-year-old girls) in fine motor precision, for example. In a previous study
by Valentini et al.?’, American children had a higher level of total motor
proficiency and better performance in the subtests of manual dexterity and
ball skills, compared to Brazilian children (using the MABC assessment).

According to Singer et al.?*, American children are more involved
in small-screen activities, such as video and computer games, which
might be helping their development of fine motor coordination. Plausible
explanations for the differences in the present study may be related to
restricted opportunities in Brazil for children to develop gross and fine
motor skills?*?. In addition, according to Valentini, Clark and Whitall?,
professional public services and opportunities to participate in early inter-
vention programs are restricted in Brazil. In addition, it is not mandatory
that physical education classes are taught by trained teachers?®. However,
other factors also interfere in motor proficiency performance, such as daily
life routines, sociocultural factors of each population* and the intrinsic
motivation of each child?.

Several aspects of this study deserve consideration when assessing the
practical implications of the results. It can be used as reference to describe
children’s motor proficiency, with specific normative values according to sex
and age, and considering populations with characteristics similar to those
of the sample in the present study. This might contribute to the adequacy of
intervention programs and assessment of motor performance. In addition,
the contribution in pedagogical and clinical terms is unquestionable, as it
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may assist Physical Education and movement professionals in general. It is
worth mentioning that the sample size we used enabled accurate and robust
percentile estimates in view of the estimation procedure implemented by
Cole and Green’s method®. Regarding the limitations, it is important to
mention that this study did not account for all the contextual differences
existing in a big and diverse country such as Brazil. However, we believe
that the benefits might overcome the limitations, since this is the first study
in Brazil that has established percentile curves for BOT-2 with school-aged
children (6 to 10 years old).

CONCLUSION

In summary, the percentile curves obtained by the present study suggest the
strong interindividual variability of motor proficiency in different BOT-2
subtests for the Brazilian population. The results were heterogeneous for
boys and girls, as well as for Brazilian children in comparison to North
American children. In general, the curves suggest the specificities for each
subtest and sex, as well as the increase in scores for each test across ages.
'The use of the normative values shown in this study enables the interpreta-
tion of motor proficiency in 6-to-10-year-old children in Brazil, as well as
the elaboration of more effective motor interventions. For a broad national
characterization of motor proficiency, further studies are still necessary,
especially those involving different regions with a stratified sample from
all over the country.
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