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Abstract

Purpose. This study aimed at determining: (a) whether the effect of modifying ball mass allowed youth basketball players to
attempt a greater number of lay-ups and hook shots during real games, and (b) whether the modification affected successful
shots. Methods. Fifty-four boys from six basketball teams, aged between 10–11 years, participated in the study. The independent
variable was ball mass and the dependent variable was the attempted and successful type of shots (set and jump shot, lay-ups,
and hook shot). We established three situations in which four games were played with each of the following balls: (a) a regulation
ball, (b) a ball of smaller mass (440 g), and (c) a ball of greater mass (540 g). Four observers were trained (intra- and inter-observer
reliability > 0.96). Four observers recorded the data utilizing a systematized register from observation of the game videos.
Results. A higher percentage of lay-ups were attempted with the 440-g ball in comparison with the regulation ball (U = 227906,
p = 0.01, ES = 0.152) and with the 540-g ball (U = 218614, p = 0.01, ES = 0.160). A higher percentage of lay-ups were successful
with the 440-g ball in comparison to the 540-g ball (U = 223080, p = 0.02, ES = 0.210). Conclusions. Only attempted lay-ups
increased with the 440-g ball in comparison to the regulation ball, but the percentage of the rest of kinds of attempted shots
and successful shots were similar when comparing the modified balls to the regulation ball.
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Introduction
Shooting ability is very important in youth basketball for three reasons: (a) it is the technique that directly
leads to scoring points, (b) it is the favorite technique
of young basketball players [1], and (c) it is one of the
aspects of basketball that is the most fun for children
and provides them with the most satisfaction [2]. In
the game of basketball, young basketball players need
to use different types of shots in order to adjust their
strategy to in-game situations. The problem is that most
shots are quite standard in nature (i.e., the set-shot
and jump-shot) in youth basketball [3–5]. Coaches
and teachers need to constantly develop strategies and
think up ways to solve the problem of efficient scoring
through shooting.
Motor praxeology has conceptualized each sport as
a motor system [6] with its own internal logic, which
are the relationship dynamics between players and the
structural elements of the sport as defined by a set of
rules. The rules determine four types of participant relationships that cause game action to emerge: (a) with
other participants, (b) within the game space, (c) with
the manipulated equipment, and (d) the way in which
players should adjust to game time. Consequently, each
motor system has its own internal logic that causes
players to carry out certain game actions in order to play
the game. If any rule is changed, no matter how inconsequential, such as what kind of ball is used in the game,
the game actions themselves may change.

Children normally lack the strength and physical
characteristics required to efficiently perform in shooting situations [7–10]. For example, several studies that
analyzed the effects of ball dimension on shooting indicated that a dimensionally smaller ball allowed for
better shot technique [9] or did not impair it [10], suited
children’s preferences [9], and increased shot effectiveness [8, 9] or did not impair it [7, 10]. The above studies
that utilized shooting test procedures found that changes
in ball mass may improve shot performance and other
ball handling skills. However, little attention has been
given to the effect of modifying ball mass on shots
performed during real games in youth basketball.
Piñar [5] analyzed the effect of introducing various
rule modifications on the types of shots, among other
variables, used in basketball in order to study the variability of this behavior. Piñar modified several rules
(court size, the free-throw line, the three-point line, game
duration, and the number of players) and found no differences in the lay-ups performed by each player (11.7%
vs. 11.2%), but differences were found for standard and
hook shots (12.3% vs. 15.8%) after introducing the
modified variables. Arias et al. compared the effects of
two shapes of the three-point line, among other variables,
on the types of shots thrown. The results showed an
increase in standard (35% vs. 40.5%) and hook shots
(0.2% vs. 1%) when the three-point line was outlined
by the free-throw lane [3].
The standard shot (e.g., the set-shot and jump shot)
is the most frequently used type of shot in basketball
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[3, 5, 9] and is characterized by: (a) not requiring one
to move towards the basket and (b) where the shooting hand is placed behind and slightly underneath the
ball, while the non-shooting hand balances the ball
from the side. On the other hand, lay-ups are the most
effective way to score, as well as to be charged with
a personal foul [11, 12]. This type of shot decreases energy
demands, allows for more control, is less affected by
aerodynamic variables, and requires less ball spin [13].
The hook shot is difficult to perform [14] because it
involves a lateral placement of the body with regard to
the basket and an overhead shot. However, this type
of shot allows one to protect the ball and one’s performance in the presence of close opponents [15].
Therefore, considering the types of shots used in basketball, the objectives of this study were to determine:
(a) whether the effect of modifying ball mass allowed
participants to complete a greater number of lay-ups and
hook shots during gameplay, and (b) whether such
a modification affected the success of these shots. The
first hypothesis of this study was that a reduction in
ball mass would improve game play, where each type
of attempted shot would become more successful with
a ball of increasingly lower mass. The second hypothesis
was that each type of attempted shot would be less
successful with a ball of higher mass. The rationale of
these hypotheses was that the dominating use of a ball
in sport makes it one of the most important pieces of
equipment in team sports. It is therefore very likely
that players’ technical-tactical shooting pattern would
also change due to the modifications made to such an
important component of the game [16].
Material and methods
Fifty-four boys, all aged between 10–11 years (M =
10.63 ± 0.55), were selected from six youth basketball
teams to participate in this study. All belonged to official, federated teams for 2.52 ± 0.75 years and practiced each week for a total of 5.03 ± 0.80 hours. The
selection of the teams and players was deliberate, as
these teams fulfilled the following inclusion criteria:
(a) that the team participated in all scheduled season
games, (b) that the team consisted of the same players
in all the games, and (c) that the selected teams from the
league competed at the highest playing level, based on
the opinions of coaches, and that its players were mostly
homogeneous in age, previous experience and playing
level. 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. The parents of the participants and
the coaches completed a consent form to participate in
the study. In addition, this study was approved by the
Research Ethics Committee of the University (CEI 22-540).
The different basketballs that were to be tested were
based on the more extreme proposals on ball mass from
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research on the subject. For a ball of lower mass, we
selected a mass slightly less than the 467.76 g ball proposed by Satern et al. [10], weight 440 g, 69–71 cm.
For a ball of higher mass, we chose a ball with a mass
in between the suggested weights of other researchers.
Chase et al. [7] proposed a mass of 538.65 g, while
Isaacs and Karpman [8], Regimbal et al. [9], and Satern
et al. [10] proposed a ball with a mass of 552.8 g. This
ball was to be 540 g, 69–71 cm.
It was decided that all of the participating teams
would play in real basketball games differing only in
the mass of the used basketball, whether a regulation
ball (485 g, 69–71 cm), the ball of smaller mass (440 g,
69–71 cm), and the ball of greater mass (540 g, 69–71 cm).
A three-day tournament was organized consisting of
12 games in which the six participating teams were
randomly matched. Each day, the teams played between
one and two games. The game ball for each game was
also randomly chosen. Between all the teams, four
games were played with each ball. Each team played
a minimum of one game and a maximum of two games
with each ball. The tournament was organized on
a weekend one week after the team finished a compe
titive playing stage, with the players later continuing
to compete the weekend after the tournament. They
were used to participating in tournaments similar to
the one organized in the present study, which were not
competitive in nature.
One month before the study was to begin, the coaches
were informed that they would be playing in a tournament: (a) with balls provided by the organizing committee, (b) where the games would be previously staged,
(c) in which all the participants would receive a diploma,
and (d) they would have to respect the inclusion criteria
(stated above) as well as the requisites of inter-sessional
consistency. The requirements were: (a) the players were
always the same ones on each team, (b) the participants
played all the games on identical courts (28 × 15 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 defense was compulsory, (g) the height of the baskets was 2.60 m, (h) the
balls were the same in texture, color, circumference and
bounce, and (i) the games followed the same game rules.
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 variables and their categories. The variable
was the type of shot. The experts defined it as the way
in which a player shoots. They studied the presence or
absence of motion (traveling), arm movements, hand
technique and shooting performance. As a result, the
following categories of shots were chosen: (a) standard
shot attempts and successful standard shots, (b) lay-up
attempts and successful lay-ups, and (c) hook shot attempts and successful hook shots. The categories were
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exhaustive and mutually exclusive [17]. The categories
were coded using a numeric system to facilitate their
register. Four observers were trained in the types of
shoots that were to be registered until they accumulated a minimum of 20 hours of experience. Intra- and
inter-observer reliability was later calculated by use of
Cohen’s kappa coefficient; inter-observer reliability
reached values between 0.96 and 1 and intra-observer
reliability was 1.
In accordance with Isaacs and Karpman [8], as well
as with basketball regulations, the properties of the ball
that were controlled were: (a) mass, (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.
[18]. This consisted of taking three measurements of
each property and calculating the mean. To monitor
bounce, the collaborators let the ball fall from a height
of 1.80 m (measured at the bottom of the ball) and
measured the height the ball reached after bouncing
(at the top of the ball). The measurements were taken
by recording the height and extrapolating them to the
calibration mark by use of a video camera (Everio Full
HD-GZ-HD7, JVC, Japan) connected to a computer
(Acer Aspire 3630, Acer Inc., Taiwan). The image was
then analyzed by video processing software (Virtual
Dub 1.6.15), where measurements with a horizontal
component were eliminated.
Two assistants recorded the games with a video ca
mera (Everio Full HD-GZ-HD7, JVC, Japan). The camera
was located transversally to the basketball court on the
opposite side from the scoring table. It was placed on
a tripod which could be rotated if necessary five meters off the ground, two meters from the sideline and
aimed at the center of the court in order to record the
entire game. As a general rule for recording, the camera
was to always film the player with the ball, the court
and the basket, in addition to the rest of the players.
A group of four observers analyzed the data utilizing
a systematized register developed for the examination
of the game videos [17].
The register technique used in the study was to code
the examined variables on the registry instrument [17],
with the main unit of analysis being each attack phase
(i.e., the percentage of each type of shot related to the
number of attack phases with each ball). In order to
increase observation reliability, the observers used a protocol of observing each attack phase twice at real speed.
If necessary, the observers examined each attack phase
at a speed of 25 frames per second. The observers regis
tered the numeric code that corresponded to each cate
gory, with each observer observing and registering
three games. The total sample size consisted of 2,100
attack phases from the 12 games, of which 736 corres
ponded to the four games played with the regulation
ball (485 g), 660 for the four games played with the ball
of smaller mass (440 g), and 704 for the four games
played with the ball of greater mass (540 g).

Statistical analysis of the data was performed with
SPSS v. 17.0 for Windows (SPSS, Inc., USA). We conducted descriptive analyses to measure the frequency
and percentage of the type of shots taken and how
successful they were. We assessed the normality of the
data by the Kolmogorov-Smirnov test, which indicated
that the data were non-parametric. The Kruskal-Wallis’ H test was used to assess in which categories there
were significant differences and post-hoc comparisons were performed with the Mann-Whitney U test
to determine in which balls did these differences occur.
Statistical significance was set at p 0.05. The effect
sizes (ES) for significant differences in the type of shot
among different ball masses were also determined.
Results
Table 1 shows statistically significant differences for
the attempted, 2(2, N = 2,100) = 8.448, p 0.01, and
successful lay-ups, 2(2, N = 2,100) = 5.724, p 0.05.
A higher percentage of lay-ups were attempted with
the 440-g ball in comparison to the regulation ball
(U = 227906, p 0.01, ES = 0.152) and to the 540-g
ball (U = 218614, p 0.01, ES = 0.160). A higher percentage of lay-ups were successful with the 440-g ball
in comparison to the 540-g ball (U = 223080, p 0.05,
ES = 0.210). Although there were statistically significant differences for the lay-ups, but not for the standard and hook shots, the differences were low in practical terms.
Discussion
The objectives of this study were to determine: (a)
whether the effect of modifying ball mass allowed the
study participants to attempt a greater number of layups and hook shots, during real gameplay, and (b)
whether this modification affected successful shots.
The results do not completely confirm our original
Table 1. Frequencies, percentages, and significant
differences of the means of the compared variables
Type of ball
Type of shot

440 g
N

Standard attempt
284
Successful standard 126
Lay-up attempt
203*
Successful lay-up
90**
Hook attempt
9
Successful hook
2

%

Regulation
N

43.1 310
19.1 105
30.8 181
13.6
79
1.4
9
0.3
1

%
42.1
14.9
24.6
10.7
1.2
0.1

540 g
N

%

296 42
107 14.5
175 24.9
68
9.7
5 0.7
2 0.3

** signifies the comparison of the 440-g ball to the regulation ball and to the 540-g ball, p 0.01
** signifies the comparison of the 440-g ball to the 540-g
ball, p 0.05
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hypotheses. The amount of attempted lay-ups increased
with the 440-g ball in comparison to both the regulation ball and the 540-g ball. The amount of successful
lay-ups increased with the 440-g ball in comparison
to the 540-g ball. Neither of the types of attempted
and successful shots decreased with the 540-g ball in
comparison to the regulation ball. There was a similar
percentage of both attempted and successful standard
and hook shots with all three balls. In practical terms,
the differences were non-significant according to the
results of the effect size. Despite the fact that the ball
is one of the most important pieces of equipment that
stands as the defining characteristic of most team
sports, the effect of its modification in the case of basketball was subservient to the players’ physical characteris
tics and personal interpretation [16].
After analyzing 431 basketball shots taken by children under 12 years of age, Ibáñez et al. [14] found that
27.5% of attempted shots were lay-ups and 58.7% were
standard shots. Arias et al. [3] showed that 21.3% of
attempted shots were lay-ups. In the present study with
the 440-g ball, the percentage of attempted lay-ups
was higher while the percentage of attempted standard
shots was similar. Along with the rest of the analyzed
literature, this reaffirms that the 440-g ball allows for
a higher percentage of lay-ups. This variation was posi
tive as the lay-up is one of the least frequent types of
shots and should be actively promoted in youth basketball [1, 14, 15].
According to Wissel [15], the reason that the number of attempted lay-ups can increase during a game is
that more situations arise in which there are no opponents to hinder progress towards the basket. When
compared to the way they perform with the other
balls, this means that a game with a 440-g ball could
facilitate children’s spatial advantages over their opponent, which would allow them to shoot with a lay-up.
Research has found that children direct their attention
towards the interpretational aspects of the game when
their physical conditions are suitable or, inversely, when
the game conditions are adapted to them [19]. A reduction of ball mass may have allowed the studied basketball players to focus more on aspects about the interpretation of the game instead of focusing on aspects
related solely to handling the basketball. This result
seems to be in accordance with studies consulted on
facilitating ball handling by reducing its mass [20, 21].
Neither the amount of attempted nor successful layups decreased with the 540-g ball in comparison to the
regulation ball. According to the reasoning stated above,
the attempted and successful lay-ups should have both
decreased when the participants played with the heavier
ball in comparison to them playing with the regulation ball. However, this did not occur, as other studies
have found that only an increase in ball circumference
can impair the quality of the players’ handling [20, 22].
In this study, we maintained the ball circumference
and only modified the mass. Thus, the increase in mass
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of the 540-g ball in regard to the regulation ball did not
particularly hinder the participants from generating
more advantageous situations over their opponents.
The amount of attempted and successful standard
and hook shots were similar with all three balls. These
results may be related to three arguments. First, these
shots are difficult to perform [14]. The standard shot demands more leg strength and better coordination [15].
Theoretically, this kind of shot increases the chance of
success because it allows for a higher height of ball release [23–25]. However, it is usually the least successful
shot due to the conditions basketball players play in [11].
The difficulty of the hook shot resides in the required
lateral position in regard to the basket and in the required overhead shot [14]. The hook shot is recommended
for throws from very close positions and with nearby
opponents as it allows one to protect the ball [15]. Such
a shot requires a high level of skill in these situations
with numerous opponents aggressively defending their
basket. Second, the standard shot is generally used more
frequently and the hook shot is used more rarely [5, 9,
14, 26]. Third, and due to the above stated reasons, the
players’ shooting patterns with regard to the predominant and non-predominant shots used in the game
seems to be so well established that it was not affected
by a short-term modification in ball mass.
The modification of ball mass did not produce a cri
tical fluctuation strong enough to cause behavior change.
That is, ball mass was not a sufficiently large enough
stimulus to cause the number of standard and hook
shots to change. However, just because the hook shot
is not used very frequently does not mean that it is not
important and should not be practiced [1, 5, 9, 15].
These results reveal the need for more research in looking for other modifications in basketball that could
lead to an increase in hook shots.
Conclusion
The present study provides evidence about the effect
of modifying ball mass on variables exhibited during
real gameplay in youth basketball. The results show
that only the amount of attempted lay-ups increased
with the 440-g ball in comparison to the regulation ball.
The percentage of the rest of the types of attempted
and successful shots were similar when comparing
both the modified balls to the regulation ball. Nonetheless, youth basketball should promote lay-ups and
hook shots so that adolescent players can practice the
different kinds of shots necessary to successfully compete at higher levels. Modifications that lead to an improvement of these aspects of the game are very important in such a complex sport. In this study, a ball of
lower mass led to an increase of attempted lay-ups.
However, this ball did not increase the number of attempted or successful hook shots. This result reveals
the need to study other modifications that could improve youth gameplay.
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This study has several limitations: (a) only boys were
studied, (b) anthropometric characteristics, biological
age, strength, heart rate, perceived exertion, and skill
level were not controlled, (c) nutrition characteristics
and hydration level were not tested, and (d) a description of game situations in which the particular shots
were used was not made. These conditions may limit
a more simplified explanation of the results and restrict
them only to participants with similar characteristics
to those in this study. Moreover, these results should be
analyzed with precaution due to the data on effect size.
All of these shortcomings should be taken into conside
ration in future studies.
The results exemplify how modifying a relationship
between players and the equipment they use produces
changes in game actions. This supports the need to
further analyze what changes in gameplay occur after
a modification is introduced and how these changes
interact with a given component of the motor system.
The conceptualization of team sports as motor systems
allows us to consider and facilitate such analysis.
References
1. Palao J.M., Ortega E., Olmedilla A., Technical and tactical
preferences among basketball players in formative years.
Iberian Congress on Basketball Research, 2004, 4, 38–41,
doi: 10.2466/ICBR.4.38-41.
2. Piñar M.I., Cardenas D., Conde J., Alarcon F., Torre E.,
Satisfaction in mini-basketball players. Iberian Congress
on Basketball Research, 2007, 4, 122–125, doi: 10.2466/
ICbR.4.122-125.
3. Arias J.L., Argudo F.M., Alonso J.I., Effect of two different
forms of three-point line on game actions in girls’ minibasketball. South African Journal for Research in Sport,
Physical Education and Recreation, 2011, 33 (1), 9–22.
4. Ibáñez S.J., Lozano A., Martínez B., Analysis of shooting based on the shot and value of shooting, gender and
players level [in Spanish]. In: Tavares F., Janeira M.A.,
Graça A., Pinto D., Brandão E. (eds.), Conference Proce
edings of Current Trends in Basketball Review. FCDEF-UP,
Porto 2001, 159–172.
5. Piñar M.I., Effect of rule modifications on some of the
variables that determine the formative process of minibasketball players (9–11 years old) [in Spanish]. University of Granada, Granada 2005.
6. Arias J.L., Argudo F.M., Alonso J.I., Rules as didactical
variables. An example in formative basketball [in Spanish].
Rev Int Med Cien Act Fis Dep, 2011, 11 (43), 491–512.
7. Chase M.A., Ewing M.E., Lirgg C.D., George T.R., The
effects of equipment modification on children’s self-efficacy and basketball shooting performance. Res Q Exerc Sport, 1994, 65 (2), 159–168.
8. Isaacs L.D., Karpman M.B., Factors effecting children’s
basketball shooting performance: A log-linear analysis.
Carnegie School of Physical Education and Human Movement, 1981, 1, 29–32.
9.	Regimbal C., Deller J., Plimpton C., Basketball size as
related to children’s preference, rated skill and scoring.
Percept Mot Skills, 1992, 75, 867–872.
10. Satern M.N., Messier S.P., Keller-McNulty S., The effects of ball size and basket height on the mechanics of

the basketball free throw. J Hum Mov Stud, 1989, 16,
123–137.
11. García J., Ibáñez S.J., Feu S., Cañadas M., Parejo I., Study
of shot technique in basketball in E.B.A. league [in
Spanish]. Retos. Nuevas Tendencias en Educación Física,
Deporte y Recreación, 2008, 14, 17–21.
12. Graça A., Competence model in invasion games: A didactic tool to teach basketball [in Portuguese]. In: Graça A.,
Pinto D., Mertens B., Multael M., Musch E., Timmers E.
(eds.), Estudos 6. Actas do II Seminário Estudos Universitários en Basquetebol. FCDEF-UP, Porto 2006, 7–28.
13. Huston R.L., Grau C.A., Basketball shooting strategies
– the free throw, direct shot and layup. Sports Eng,
2003, 6 (1), 49–64, doi: 10.1007/BF02844160.
14. Ibáñez S.J., García J., Feu S., Parejo I., Cañada M., Shot
efficacy in the NBA: A multifactorial analysis [in Spanish].
CCD, 2009, 5 (10), 39–47.
15. Wissel H., Basketball: Steps to success. Human Kinetics,
Champaign 1994.
16. Arias J.L., Argudo F.M., Alonso J.I., Review of rule modification in sport. J Sports Sci Med, 2011, 10 (1), 1–8.
17. Anguera M.T., Observation [in Spanish]. In: Moreno C.
(ed.), Psychological assessment. Concept, process and
application in development and intelligence areas. Sanz
y Torres, Madrid 2003, 271–308.
18. Crisco J., Drewniak E., Alvarez M., Spenciner D., Physical
and mechanical properties of various field lacrosse balls.
J Appl Biomech, 2005, 21 (4), 383–393.
19. Graça A., Comparing the high and the low achievers’
opportunity to participate in basketball game within phy
sical education classes. In: Hughes M., Tavares F. (eds.),
IV World Congress of Notational Analysis of Sport.
FCDEF-UP, Porto 1998, 127–134.
20.	Burton A., Welch B., Dribbling performance in firstgrade children: effect of ball and hand size and ball-size
preferences. Phys Educat, 1990, 47 (1), 48–52.
21. Pellett T.L., Henschel-Pellett H.A., Harrison J.M., Influence of ball weight on junior high-school girls’ volleyball
performance. Percept Mot Skills, 1994, 78, 1379–1384.
22.	Burton A.W., Greer N.L., Wiese D.M., Changes in overhand throwing patterns as a function of ball size. Pediatr
Exerc Sci, 1992, 4, 50–67.
23.	Brancazio P.J., Physics of basketball. Am J Phys, 1979, 49
(4), 356–365, doi: 10.1119/1.12511.
24. Maugh T.H., Physics of basketball: Those golden arches.
Science, 1981, 81, 106–107.
25. Miller S., Bartlett R., The relationship between basketball shooting kinematics, distance and playing position.
J Sports Sci, 1996, 14 (3), 243–253, doi: 10.1080/026404
19608727708.
26. Tsitskaris G., Theoharopoulos A., Galanis D., Nikopoulou M., Types of shots used at the Greek national basketball championships according to the division and
position of players. J Hum Mov Stud, 2002, 42, 43–52.

Paper received by the Editors: June 29, 2011
Paper accepted for publication: November 16, 2011
Correspondence address
José L. Arias
C/ La Labor, 1
Jumilla (30520)
Murcia, España
e-mail: jlae84@hotmail.com
151

