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Abstract

The objective of this study was to consider the gender differences in the
monthly variation in throwing distances among kindergarten children using
different balls. The subjects of this study were 111 healthy males and 109
healthy females. The subjects’ throwing distances of softballs and tennis balls
were measured in June and November. By a gender-based two-way analysis of
variance (difference by ball type x difference by month), we observed that the
throwing distance of softballs was less than that of tennis balls for both males
and females. Moreover, we note that the throwing distance of both ball types
was shorter in June than in November. A second two-way analysis of variance
(difference by gender x difference by ball type) determined that the throwing
distance variation ratio ((November/June) x 100) was greater for softballs
than for tennis balls among females only; however, this difference was not
significant. The above results show that the throwing distance of softballs is
less than that of tennis balls. However, we observe that the selection of ball
type has no major effect on the monthly variation in throwing distances
among children and that the trend does not vary greatly between males and
females.
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1. Introduction

The throwing distances of balls and flying discs are often measured to evaluate
children’s throwing abilities (Murase et al., 2002; Sugihara et al., 2006; Zhou et al.,
2014; Sedlak et al., 2015). In Japan, softballs (size 1) or tennis balls are normally
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used for this purpose (Fuji et al., 2006; Ikeda & Aoyagi, 2009). However, soft-
balls, which have a diameter of approximately 9 cm, are more difficult for child-
ren with small fingers to grasp. Moreover, as tennis balls weigh approximately 50
g and softballs weigh approximately 150 g, it is expected that children who are
immature in terms of strength development and throwing actions will have dif-
ficulty when throwing a softball as compared to when throwing a tennis ball.
Demura (1993) measured throwing distances among children and found that the
throwing distance when using softballs was less than that with tennis balls, golf
balls, etc.

A gender-based difference in throwing distances from infancy has been rec-
ognized, and it is clear that males have a shorter throwing distance than females
(Ikeda & Aoyagi, 2009). Gender differences in the development of throwing ac-
tions have been cited as the main cause of the difference in throwing distances,
but it is possible that the gap in throwing distances of softballs and tennis balls,
especially, increases with age among female children with immature throwing
actions as compared with males. Both genders, of course, can throw a ball farth-
er as they get older. However, males get closer to an adult throwing action as
they grow, whereas many females have an immature throwing action even at the
age of five (Demura, 1993). As already noted, immature throwing actions make
it particularly difficult to acquire distance when throwing a softball. Therefore, it
is possible that, among females, there will be less increase in the throwing dis-
tance of a softball than that of a tennis ball.

The objective of this study was to consider the gender differences in the

monthly variation in throwing distances among children using different balls.

2. Methods

1) Subjects

The subjects were 111 healthy males and 109 healthy female kindergarten
students. Permission was obtained from kindergarten principals and the stu-
dents’ guardians after the objectives, methods, and risks of the experiment were
explained.

2) Measurement method

In June and November, the subjects’ throwing distances of size 1 softballs
(diameter: 8.5 cm; weight: 141 g) and tennis balls (diameter: 6.8 cm; weight: 58.5
g) were measured. The throwing distances were measured twice, and the longer
throw was taken as the representative value.

3) Method of analysis

A two-way analysis of variance (variation by ball type x variation by month)
was conducted to consider the impact of these two factors. Moreover, to consid-
er the variation of the throwing distance ratio by ball type ((half year after/half
year before) x 100), a two-way analysis of variance (gender difference x variation
in ball type) taking into account only one factor was conducted. To consider the

degree of variation, the effect size (ES) was calculated. Tukey’s honest significant
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difference was used as the official multiple comparison test. The level of statis-

tical significance was set at 5%.

3. Results

Table 1 shows the variation in throwing distances by ball type and between the
two testing periods among males. Significant main effects were found in the fac-
tors of difference by ball type and difference by month. Moreover, the throwing
distance of softballs was less than that of tennis balls (ES: 0.39 - 0.42), and the
distance in June was less than that in November (ES: 0.17 - 0.19).

Table 2 shows the variation in throwing distances by ball type and month
among females. A significant mutual interaction was found from the two-way
analysis of variance. The throwing distance of softballs was less than that of ten-
nis balls as a result of the verified multiple comparison test (ES: 0.29 - 0.54), and
the distance in June was less than that in November (ES: 0.17 - 0.46).

Table 3 shows the variation in throwing distance ratios by gender and the
difference by ball type. Significant effects were found only in the factor of varia-
tion by ball type for the two-way analysis of variance. The throwing distance of
softballs was significantly greater than that of tennis balls only among females

(ES: 0.10 - 0.36) for the verified multiple comparison test.

Table 1. Basic statistics and average value differences for throwing distances by ball type
and month among males.

June November

Mean SD Mean SD F-value Post-hoc

June: Softballs < Tennis
balls; Softballs:
June < November

Softballs 6.4 2.9 6.8 2.9 F1:12.15* F2:112.77* F3:0.60

November:
Tennis 75 32 32 35 Softballs < Tennis balls;
balls ’ ’ ’ ’ Tennis balls:

June < November

*p < 0.05, Unit: m.

Table 2. Basic statistics and average value differences for throwing distances by ball type
and month among females.

June November

Mean SD Mean SD F-value Post-hoc

June: Softballs < Tennis
balls; Softballs:
June < November

Softballs 3.8 1.3 44 1.3 F1:17.20* F2:51.44* F3:5.29

November:
Tennis 46 15 4.9 17 Softballs < Tennis balls;
balls ’ ’ ’ ’ Tennis balls:

June < November

*p < 0.05, Unit: m.
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Table 3. Variation in throwing distance ratios by gender, and basic statistics and average
value differences by ball type.

Softballs Tennis balls
Mean SD Mean SD F-value Post-hoc

Females: Softballs >
Males 119.7 62.9 114.3 38.7 F1:0.05 F2:6.72 F3:1.42 i
Tennis balls

Females 1254 456 110.8 34.1

*p < 0.05, Unit: %.

4. Discussion

In both June and November, the throwing distance of softballs was less than that
of tennis balls for both males and females, and the ES of females in June was
moderate (0.54). The throwing distance is influenced by the size and weight of
the ball. Moreover, if the ball cannot be grasped in one hand or is too heavy, it is
clear that the throwing distance will be reduced, because the entire body cannot
be used in the winding-up movement (Demura, 1993; Toyoshima & Miyashita,
1973). Moreover, according to Morimoto et al. (2003), the initial velocity of the
ball decreases when the ball is heavier. The weight of the softball used in this
study was 141 g, which is a heavy ball for a child. Therefore, it is difficult to wind
up effectively with the entire body when throwing the softball, and this difficulty
limits the initial velocity of the ball. Therefore, the throwing distance of a softball
may be less than that of a lighter tennis ball.

However, although the throwing distance of the softball and the tennis ball
among both males and females was greater in November than in June, the ES
was below the halfway point (0.17 - 0.46). Demura (1993) reported that the
throwing distance of a tennis ball varies at each age among children of the age of
4.5 and above and children below the age of 4.5. In this study, throwing dis-
tances increased during the five months from June to November; however, the
increase was not significant. The throwing action develops along with age, but
not to a great extent in such a short period; this is the main reason why the
throwing distances with either ball did not increase greatly.

There was no gender difference in the throwing distance variation ratio for
either ball, and the ratio between softballs and tennis balls changed significantly
only among females, although the ES was less than the halfway point (0.36).
Males, in comparison to females, develop their throwing capabilities more
quickly (Takamoto et al., 2003), and a difference between the genders has been
recognized in terms of ball speed and throwing distance (Ikeda & Aoyagi, 2009,
Thomas et al., 2010). The throwing action of females with an immature throw-
ing ability was greatly affected by the weight of the softball, as was particularly
noticeable in the case of younger females. Due to the comparatively large varia-
tion in the throwing distance of tennis balls and softballs among females (ES:
0.54), the throwing distance of softballs greatly increased with age (i.e., between

June and November). However, the lack of any major difference in the age-based
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variation in the throwing distance between tennis balls and softballs may be due
to the lack of development in the throwing action among females. Moreover, the
strength applied to the ball by one’s hand varies according to the mass ratio be-
tween the hand and ball. For males and females, there was no great improve-
ment in the ability to efficiently transmit strength to the ball when throwing a
heavy ball over the short term (half a year), which may be the reason why there
was no major improvement in the throwing distance of softballs and tennis balls

despite an additional six months of age.

5. Conclusion

The throwing distance of softballs was less than that of tennis balls. However, the
selection of ball type did not have a great effect on the change over time in the
throwing distance among the participating kindergarten children, and this trend

did not vary greatly between the genders.
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