
 

Introduction 

Shooting ability is very important in youth 

basketball games for three reasons: (a) is the 

action that directly leads to points, (b) is the action 

that young basketball players most prefer (PALAO 

et al., 2004), and (c) is one of the aspects from 

which children claim to derive the most fun and 

with which they feel best performing (PIÑAR et al., 

2007). Free throw is one of the game situations 

where shooting is obligatory. However, children 

normally lack the strength and physical 

characteristics demanded by the shooting 

performance. Therefore, teachers and coaches 

must find strategies and think of ways to solve the 

problem. The purpose of this study was to analyze 

whether modification of ball weight could 

contribute to decreasing the deficiencies in 

strength displayed by children. 

High shooting performance values produce a 

positive practical experience. Therefore, the 

theoretical proposals determine that successful 

shots contribute to increasing motivation 

(AMERICAN SPORT EDUCATION PROGRAM 

[ASEP], 1996; GRAWER; RAINS, 2003; 

HANLON, 2005; PIÑAR, 2005). It is therefore 

necessary for children to attain positive 

performance results (ARIAS et al., 2009; CHASE 

et al., 1994; ISAACS; KARPMAN, 1981; JUHASZ; 

WILSON, 1982; PIÑAR, 2005; REGIMBAL et al., 

1992; SATERN et al., 1989). 

Lack of strength is the main reason why 

children’s shooting performance is not more 

accurate and successful (CHASE et al., 1994; 

CLEARY et al., 2006; JUHASZ; WILSON, 1982). 

The lack of strength, in addition to preventing the 

ball from reaching the basket, also hinders the 

adequate placing and use of body levers. This 

leads to inaccurate shots (CLEARY et al., 2006). 

Weaker players increase their horizontal 

movements to generate the necessary speed to 

allow the ball to reach the basket (ELLIOTT, 1992; 

LIU; BURTON, 1999; MILLER; BARTLETT, 1993, 

1996). This causes a decrease of angle and 

release height of the ball (ELLIOTT, 1992; 
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MILLER; BARTLETT, 1993). An increase in speed 

release and a decrease of angle and release 

height of the ball reduce shot accuracy 

(BRANCAZIO, 1979; TAN; MILLER, 1980). 

The Teaching Games for Understanding 

(TGfU) approach defends the importance of 

modifying the equipment as a means of suiting the 

game conditions to the players' level (BUNKER; 

THORPE, 1982; THORPE et al., 1984). Thorpe et 

al. (1984) introduced two pedagogical principles to 

be taken into account with regard to modifying 

game conditions. The first is known as 

Modification-Representation and it implies that the 

adaptation of the game should maintain the basic 

tactical structures of the adult game, but adapting 

them to children's level. The second principle is 

Modification-Exaggeration and it implies that 

diverse aspects of the game are simplified to 

facilitate children's participation. Both strategies 

contribute to children's frequent success, but 

without the practice thereby ceasing to be a 

challenge (HOLT et al., 2002; MACPHAIL et al., 

2008). 

Several studies analyzed the effect of ball 

dimensions through free throw tests in youth 

basketball. Isaacs and Karpman (1981) analyzed 

shot accuracy according to the dimensions of the 

basket (2.44 m, 3.05 m) and the ball (567-623.68 

g and 75 cm, 496-552.8 g and 72.5 cm). They 

found that shot accuracy was greater with the 

lowest basket and with the smaller ball. Satern et 

al. (1989) also studied the effects of the 

dimensions of the ball (567-623.68 g and 75 cm, 

496-552.8 g and 72.5 cm, 467.76-552.8 g and 70 

cm) and the height of the basket (2.44 m, 3.05 m) 

on the success and the movement pattern of the 

free throw. The results showed an increase in the 

horizontal displacement with the larger ball and a 

weak relationship between the subjects` standing 

height and average projection angle when 

shooting with the intermediate size ball. The height 

of the basket affected shot success, but the 

dimensions of the ball did not. Chase et al. (1994) 

examined the effects of the modification of ball 

dimensions (595.33 g and 75 cm, 538.65 g and 

72.5 cm) and the height of the basket (2.44 m, 

3.05 m) on shot success and self-efficacy. The 

participants scored more in the lowest basket, but 

the lighter ball had no effect on free-throw 

success. Regimbal et al. (1992) assessed the 

dimensions of children’s ball preference (567-

623.68 g and 75 cm, 496-552.8 g and 72.5 cm) 

and analyzed whether this was related to shot 

technique and the score that they obtained. The 

children preferred a ball that was smaller than the 

usual one and with which they improved their 

scoring and their shot technique. 

The goal of this study was to analyze whether 

participants can attain more free-throw accuracy 

and success by modifying the ball weight. Studies 

that analyzed the effect of modification of ball 

weight on free-throw accuracy showed that the 

lighter ball could either increase accuracy 

(ISAACS; KARPMAN, 1981; REGIMBAL et al., 

1992) or not affect it (CHASE et al., 1994; 

SATERN et al 1989). As the results of previous 

studies were inconsistent, we did not hypothesize 

about whether modification of ball weight would 

affect the values of the variables analyzed. 

Method 

Participants 

The participants were 54 children (age: 

mean=10.63, SD=0.55 years) from six basketball 

teams, aged between 9-11 years. All participants 

had played regionally in the basketball league and 

in official and federate teams for 2.52 (SD=0.75) 

years. The amount of days of training and the total 

time were similar for all the teams. Each week, 

they practiced an average of 3.57 (SD=0.51) days 

for a total of 5.03 hours (SD=0.80). Three 

inclusion criteria were considered for participation 

in the present study: (a) eight coaches selected 

the teams from the league that had the highest 

playing level and were most homogeneous in age, 

previous experience, and game level, (b) the team 

participated in all the scheduled games, and (c) 

the children from each team were the same in all 

the games. This is because the teams had to 

accept the pre-established matches and because 

they could not include or exclude participants as a 

function of each match. The parents of the 

participants and the coaches completed an 

informed consent form to participate in the study. 

The Research Ethics Committee of the University 

approved the study (CEI 22-540). 

Experimental set-up 

We established three situations that consisted 

of all participating teams playing with three balls 

that differed only in their weight: (a) four games 

with the standard ball weight (485 g, 69-71 cm), 

(b) four games with the lighter ball (440 g, 69-71 

cm), and (c) four games with the heavier ball (540 

g, 69-71 cm). We organized a 3-day tournament 

consisting of 12 games in which the six teams 
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were randomly matched. The teams played 

between one and two games each day. The game 

ball for each game was also randomly chosen. 

Four games were played with each ball among all 

the teams. Each team played a minimum of one 

game and a maximum of two games with each 

ball.  

The goal of the study was only communicated 

to the sports director of each team, but not to the 

coaches or the players so that this information 

would not affect the way they played. One month 

before, the principal researcher informed the 

coaches that they would play in a tournament with 

the following rules: (a) the players were 

consistently the same, (b) the participants played 

all the games on identical courts (28x15 m), (c) 

rest interval between games was a minimum of 

one hour, (d) each game consisted of four 10-

minute periods, (e) the participants warmed up 

with a ball that was similar to the game ball, (f) 

individual defence was compulsory, (g) the height 

of the baskets was 2.60 m, and (h) the balls were 

the same in texture, colour, circumference and 

bounce.  

Procedure 

A group of six experts (three researchers 

specialized in basketball and three coaches with 

experience coaching 9-11 year-old basketball 

players) delimited and defined the following 

variables: 

1. Accuracy. Score obtained according to 

whether the ball hit the backboard and the rim at 

each free throw. The experts determined the 

following scores from the literature reviewed 

(BUTTON et al., 2003; CHASE et al., 1994; 

LANDIN et al., 1993; REGIMBAL et al., 1992; 

SATERN et al., 1989): (a) zero points indicated 

that the subject missed the entire basket on the 

shoot; (b) one point was awarded if the ball hit the 

backboard or net only but did not go into the 

basket; (c) two points were awarded if the ball hit 

the rim or the rim and the backboard but did not 

go into the basket; and (d) three points indicated 

that the subjects made the basket.  

2. Success. Zero or one points, depending on 

whether or not the subject made the free throw, 

respectively. 

We created a register instrument that allowed 

the observers to register the number 

corresponding to each variable while viewing the 

recording at a speed of 25 frames per second.  

Four observers were trained according to the 

training stages suggested by Anguera (2003). This 

process lasted 11 sessions, from one to three 

hours, during four weeks. The observers 

accumulated a minimum of 20 hours of 

experience. Observer reliability was obtained 

through intra-observer evaluation at the end of the 

training process. For this purpose, the observers 

observed 40 free-throws from a game other than 

the research games. Subsequently, the observers 

again observed the same 40 free-throws after 

seven days of no observation. The reliability of the 

observation was measured through an inter-

observer evaluation at the end of the observation 

process. For this assessment, 15% of the free-

throws of the investigation games were used. 

Reliability was calculated by means of the intra-

class correlation coefficient. Reliability of the 

observers reached values between .98 and 1. 

Reliability of the observation reached values 

between .97 and 1. 

We selected the weight of the ball according to: 

(a) the proposals that were the most extreme 

within those of least weight that are included in 

studies about ball modification, and (b) in 

agreement with the notion that the differences 

between balls should not be excessively extreme 

with regard to the standard ball weight. For the 

lighter ball, one that was close to the 467.76-g ball 

proposed by Satern et al. (1989) was chosen. For 

the heavier ball, one that was between the 538.65-

g ball proposed by Chase et al. (1994) and the 

552.8-g ball proposed by Isaacs and Karpman 

(1981), Regimbal et al. (1992), and Satern et al. 

(1989) was chosen. 

In accordance with Crisco et al., (2005), Isaacs 

and Karpman (1981), Mathes and Flatten (1982) 

as well as with basketball regulations, the 

properties of the ball that were controlled were: (a) 

weight, (b) circumference, and (c) bounce height. 

Three collaborators monitored this half an hour 

before and after each game. They followed a 

protocol that was adapted by Crisco et al. (2005). 

This consisted of taking three measurements of 

each property and calculating the mean.  

Two collaborators recorded the games, each 

one with a video camera (Everio Full HD-GZ-HD7, 

JVC, Japan). The camera was situated 

transversally to the basketball court, on the 

opposite side from the scoring table. The camera 

was placed five meters off the ground and two 

meters from the sideline. The focus was the 
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centre of the imaginary line that joins the basket 

and the free-throw line. As a general rule, the 

recording included the player with the ball and the 

basket. 

The four observers recorded the data using a 

systematized register from the observation of the 

game videos (ANGUERA, 2003). The registering 

technique consisted of indicating the number 

corresponding to each variable on the registry 

instrument (ANGUERA, 2003). The unit used for 

analysis was the free throw. The observers used a 

protocol of observing each free throw two times at 

real speed in order to increase observation 

reliability. If necessary, the observers observed 

each free throw at a speed of 25 frames per 

second. The observers attended each variable in 

each observation. Each observer observed and 

registered three games. The sample for data 

analysis consisted of 242 free throws from 12 

games, of which 106 corresponded to the four 

games played with the 485-g ball, 79 to the four 

games played with the 440-g ball, and 57 to the 

four games played with the 540-g ball. Selection of 

the free throws was through total sampling 

(ANGUERA, 2003). 

To control the influence on accuracy and 

success of the moment when the participants 

performed the free throw, we compared both 

variables, considering the 10-minute game interval 

(i.e., because a free-throw performed at the 

beginning of a match could have a different result 

from that performed at the end). The results were 

not statistically significant (p>.05). This means that 

the moment of the match and the result of the 

scoreboard did not affect the accuracy and 

success of the free throws.  

Statistical analysis 

The statistical analysis of the data was 

performed with SPSS v. 17.0 for Windows (SPSS, 

Inc., USA). We conducted descriptive analyses of 

means and standard deviations. We determined 

the normality of the data with the Kolmogorov-

Smirnov test. From this test, it was determined 

that the data were not normally distributed. The 

Kruskal Wallis H was used to assess in which 

categories there were significant differences. 

Then, post-hoc comparisons were performed with 

Mann-Whitney’s U to determine with which balls 

these differences occurred. Statistical significance 

was set at p≤.05. 

Results 

As shown in Table 1, the results revealed 

statistically significant differences for accuracy 

(χ2=1.76, df=2, p=.050) and success (χ2=5.69, 

df=2, p=.048). The participants obtained 0.23 

more points in accuracy (U=3490.5, p=.05), and 

0.17 more points in success (U=3378, p=.015) 

with the 440-g ball than with the 540-g ball. 

Accuracy and success did not undergo any 

statistically significant changes when comparing 

the data of the 440-g balls (U=2018.5, p=.265 and 

U=1985, p=.175, respectively) and the 540-g ball 

(U=2828.5, p=.543 and U=2791.5, p=.405, 

respectively) with the standard ball weight. 

Nevertheless, accuracy and success were slightly 

higher with the 440-g ball (0.16 and 0.10, 

respectively) and slightly lower with the 540-g ball 

(0.07 and 0.07, respectively) with regard to the 

standard ball weight.  

Table 1. Mean, standard deviation and significant 
differences of the compared variables. 

Variables 

Ball 

440 g Regulation 540 g 

M SD M SD M SD 

Accuracy* 2.23 0.99 2.07 0.98 2.00 0.91 

Success* 0.54 0.50 0.44 0.50 0.37 0.48 

Note: *p≤.05 to compare the 440-g with to the 540-g 
ball. 

Discussion 

The goal of this study was to analyze whether 

participants can attain more free-throw accuracy 

and success by modifying the ball weight. The 

results indicated that free-throw accuracy and 

success were higher with the 440-g ball than with 

the 540-g ball. The values of these variables did 

not decrease statistically with the 540-g ball, nor 

did they increase with the 440-g ball, in 

comparison to the standard ball weight. These 

results suggest that the decrease in ball weight 

could be a strategy to increase free-throw 

accuracy and success, although perhaps the 

weight reduction should have been greater 

compared to the standard ball weight. Thus, only 

the differences were statistically significant when 

comparing the 440-g and the 540-g balls. 

As ball weight increased, free-throw accuracy 

and success decreased. This result coincided with 

those of Isaacs and Karpman (1981) and 

Regimbal et al. (1992). They found that reduction 

of the ball dimensions increased accuracy. In 
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contrast, the results do not coincide with those of 

CHASE et al. (1994) and Satern et al. (1989). In 

their free-throw tests, they found no positive effect 

of the lighter ball. The difference of our study with 

regard to the previous ones is that we did not 

analyze the free throws by means of a test.  

The players assessed by Isaacs and Karpman 

(1981) obtained a mean accuracy of 1.85 points 

when they used the lighter ball. Chase et al. 

(1994) and Regimbal et al. (1992) found that the 

players achieved a mean success of 0.40 points 

with a smaller ball and basket and of 0.49 points 

with a lighter ball, respectively. Success was 

higher with the 440-g ball compared to the results 

reported in the literature reviewed. This reaffirms, 

along with the rest of the literature consulted, the 

enhancing effect of the 440-g ball on accuracy and 

success.  

It could cautiously be said that the differences 

in the results between the 440-g ball and the other 

two balls analyzed in the present study could be 

due to the decrease in ball weight. According to 

Satern et al. (1989), a lighter ball can contribute 

an increase of angle and release height of the ball. 

A decrease in speed release and an increase of 

angle and release height of the ball increase shot 

accuracy and success (BRANCAZIO, 1979; TAN; 

MILLER, 1980). Nevertheless, this preliminary 

result should be confirmed in future studies with a 

biomechanical approach.  

Children should frequently achieve high values 

in accuracy and success to satisfy their 

preferences, have more fun and feel good (ASEP, 

1996; ARIAS et al., 2009; ISAACS; KARPMAN, 

1981; PALAO et al., 2004; PIÑAR, 2005; PIÑAR et 

al., 2007; REGIMBAL et al., 1992). In the present 

study, both variables increased with the 440-g ball. 

The fact that successful free throws increased 

with the 440-g ball reveals higher mastery in this 

game action. According to Duda (1996) and Duda 

and Nicholls (1992), this is one of the indicators 

related to motivation. A modification that allows 

improving this aspect is very important in such a 

complex sport. The predominance of these game 

variables may provide more enjoyable 

experiences for the children; in turn, they may 

choose to continue practicing basketball and put 

out more effort for a longer time. 

In conclusion, the present study provides 

evidence of the effect of the modification of 

basketball weight on free-throw accuracy and 

success during real games in youth basketball. 

Accuracy and success were higher with the 440-g 

ball, although the differences were low in practical 

terms. These results support the possibility that, if 

an even lighter ball were used, the differences 

could be greater. Coaches and teachers can use 

lighter balls to facilitate better performance in the 

free throw. However, this study has several 

limitations: (a) only boys were studied, and (b) 

anthropometric characteristics, biological age, 

strength, and skill level were not controlled. These 

conditions may limit the generalization of the 

results and restrict them to participants with 

similar characteristics to those in this study. 

As this is a preliminary study, future studies 

should analyze whether the 440-g ball can provide 

advantages in other variables that affect the free 

throw (e.g., biomechanical pattern of movement) 

and in other variables during the game (e.g., 

successful shooting, passes, bounces) to achieve 

some more results that may help to interpret the 

main results presented in the manuscript and to 

consolidate the results.  
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