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KEY FEATURES OF BEACH HANDBALL SELF-ORGANIZATION:  
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ABStRAct
Purpose. the aim of this study is to find the aspects that identify the self-organization cycle of beach handball and to com-
pare these between genders.
Methods. Overall, 13 elite matches of each gender were analysed. We observed each team during the game, considering 
the following variables: offensive phase, ball possession, and attack outcome.
Results. A self-organization cycle was identified, characterized by a predominance of attack over defence. We found that ball 
possession changed constantly (> 84%) and the same behaviour occurred in both genders. the difference between genders was 
that male teams were more likely to throw (81% vs. 74%, p < 0.001) and score a spectacular goal (49% vs. 39%, p < 0.001) 
when compared with female teams.
Conclusions. the self-organization cycle of beach handball involves a prevalence of attack over defence, with a higher prob-
ability of the offensive phase ending with a spectacular throw, and with a constant change of ball possession during the match 
(system attractors).
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Introduction

Beach handball is an invasion team sport charac-
terized by the opposition of specific actions between 
2 teams in the same space, alternating among offen-
sive, defensive, and transitions phases [1]. Some aspects 
are similar to indoor handball, but with specific char-
acteristics and rules, such as the sand terrain, field 
dimensions, weather conditions [2], the scoring system 
by sets and a variety of throws that are specific [3]. As 
a result, these features could influence the action prin-
ciples and action rules of the game [4], defining beach 
handball as a new sport.

in team sports, there are some functional param-
eters that interact with one another, such as rules, space, 
time, motor communication [4]. in beach handball, as 
previously mentioned, characteristics such as the scor-

ing system and the weather conditions (humidity, tem-
perature, and wind) may be important factors influ-
encing the players’ performance [2] and must be 
considered in the different game phases. the internal 
logic of the game (which includes rules and players’ 
interactions) has been understood as a dynamic system 
[5–7] with a set of active and related elements that 
constitute a structure, with elements invariant in time, 
ensuring their own identity [8]. in this context, the at-
tractors are the actions that allow to identify a pattern 
of organization of a system or team within the game [9].

As a system, the relationships between teammates 
and opponents can contribute to the modelling of the 
team sports organization. the cooperative and oppo-
sition relations within a complex and unpredictable 
context that the game constitutes require a great ca-
pacity of adaptation of the technical-tactical attitude 
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of the teams and players [4]. When teams develop new 
strategies, tactics, and techniques in order to solve the 
problems of game situations, such solutions generate 
results that influence the dynamics of the relation-
ships among the elements and, thus, self-organize the 
system. the actions that do not occur so often in the 
game are called system f luctuations and represent 
a ‘disturbance’ in the system created spontaneously by 
the game through the relationships between players 
and teams [9].

Any team that wants to play a team sport will need 
to self-organize to accomplish the operational princi-
ples of attack, defence, and transition, in accordance 
with the different game rules, space, and score system 
of each team sport. Few studies are carried out with 
beach handball, and investigations on game analysis 
focus on anthropometric characteristics [2, 10, 11], 
motor actions, or technical-tactical actions executed in 
the offensive or defensive phase [12, 13]. cobos et al. [14] 
presented the game cycle of beach handball, consid-
ering the game cycle of handball (indoor). they high-
lighted the differences and the similarities of these 2 
sports, explaining the characteristics of each game 
phase. Vázquez-diz et al. [15] analysed the contex-
tual factors and the decision-making that influenced 
the behaviour of finalization during the positional at-
tack in beach handball, also exposing the differences 
between males and females. dol et al. [3] showed the 
relation concerning types of throw between winning 
and losing female elite beach handball teams. they 
demonstrated that the winning teams performed 
a greater number of in-flight goals more effectively than 
the losing teams. iannaccone et al. [16] investigated the 
efficiency of shots in beach handball (semifinal and 
final matches of senior, U18, and U12 teams), com-
paring male and female teams, and reported that no 
significant gender differences emerged for the different 
types of shots, shooting areas, or goal areas.

Although the contribution of previous studies is im-
portant for a better understanding of this sport, none of 
them analysed the self-organization in beach handball. 
therefore, 2 main questions are pertinent for this 
study: (a) What are the aspects that define self-or-
ganization in beach handball? (b) Are these aspects 
different between genders? thus, the aim of this study 
was to find the aspects that identify the self-organi-
zation cycle of beach handball and to compare these 
between genders.

Material and methods

Sample

Overall, 26 matches (13 men’s and 13 women’s 
matches; 1022 attacks of female teams and 1033 of 
male teams) of the 6th World Handball championship 
2014 were analysed: 9 matches randomly drawn from 
the main round phase, in which the teams are classi-
fied in the group stage in a format of all against all; 
the 2 semifinal matches; and the finals (bronze and 
gold medals). the choice of the 6th World Handball 
championship was made because the researchers 
obtained the videos through a member of the techni-
cal staff of one team.

the selected matches represented the highest level 
of beach handball, ensuring control over opposition 
quality [17, 18]. Only the major sets of each game were 
analysed. the shoot-out sets were not investigated 
because they have different characteristics than the 
major sets (1 vs. goalkeeper, not 4 vs. 3).

instruments

the videos were observed with the Windows Media 
Player 10 software and the data were annotated in an 
ad hoc spreadsheet in Microsoft Office Excel 2010.

Procedures

the analysis protocol was developed by 3 research-
ers with previous research experience in sports science 
(FM: 5 years, WRS: 7 years, RROc: 7 years) and taking 
a master’s course in sports science. the performance 
indicators [19] are presented in table 1.

Furthermore, the performance indicators were re-
vised by 2 more experienced researchers (Phd). One of 
them (MPM) was a coach and game analyst for the Bra-
zilian women’s goalball team; the other one (RPM) was 
a game analyst for the Brazilian women’s beach hand-
ball team (in a world championship). these 2 research-
ers also supervised the entire analysis protocol. the 
observational protocol elaborated by the 5 research-
ers is presented in Figure 1.

data reliability was calculated by the same 3 re-
searchers who developed the performance indicators. 
First, they went through a process of criteria stand-
ardization and agreement by consensus to minimize 
the observation bias [20]. inter-observer reliability was 
verified with the analysis of 4 matches, which repre-
sented 15% of the sample. intra-observer reliability 
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table 1. description of the performance variables

Offensive phase

Concluded: attacks finalized with a throw to the goal
Interrupted: attacks finalized without a throw to the goal

Ball possession

Kept: the attacking team kept ball possession at the end of the attack, keeping in the offensive phase
Changed: the attacking team scored or lost ball possession; in both situations, the team switched to the defensive phase

Attack outcome

Simple goal: 1 point scored by any team
Spectacular goal: 2 points scored by any team (in-flight goal, spin goal, specialist goal, direct goal, or 6-meter goal)
Goalkeeper’s defence: throw saved by the opponent goalkeeper; when a block by the defenders occurred but the ball 
kept moving towards the goal with a goalkeeper’s intervention, this was noted as goalkeeper’s defence instead of block
Block: throw blocked by an opponent defender (except the goalkeeper) when the ball trajectory moved towards the goal
Goalpost: throw that hit the goalpost and did not score
Out: throwing out without touching any player
Interception: interruption of the ball trajectory after a pass, or when the defender/goalkeeper anticipated a forward  
pass from the attacking team
Attack violation: interruption of the offensive phase originated by a foul or violation of the rules by any player  
of the attacking team
Defence violation: interruption of the opposition team attack caused by a foul or violation of the rules  
by the defending team
Attack error: loss of ball possession by the attacking team without involving the criteria of interception, attack violation, 
or defence violation; examples: wrong passes or wrong receptions
Referee intervention: fair play moments or a referee intervention that interrupted the match

Figure 1. Example of the observational protocol (ad hoc spreadsheet)

was based on 2 randomly selected matches (7.7% of 
the sample). the intra- and inter-observer reliability 
were tested by cohen’s kappa [21–23] (table 2). the 
second observation of the matches started a minimum 
of 15 days after the end of the first one.

table 2. Reliability (cohen’s kappa) for each variable

Variables inter-observer intra-observer

Offensive phase 0.95 1.00
Ball possession 1.00 1.00
Attack outcome 0.88 0.96
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Statistical analysis

First, we counted the frequency of occurrence of 
all variables and then we calculated the percentage of 
occurrence of each variable for each match. then, a se-
ries of t-tests were used to compare the data [24], with 
the match as a unit of analysis. For the intra-gender 
analysis (attacks concluded vs. interrupted and ball 
possession kept vs. changed), the paired samples t-test 
was used. For all inter-gender analyses, we ran inde-
pendent sample tests. the Wilcoxon signed rank test 
and the Mann-Whitney U test were, respectively, in-
corporated when the Shapiro-Wilk test revealed cases 
of non-normal distribution or the data failed Levene’s 
test [25]. Statistical significance of the results was set 
at p < 0.05 and the mean percentage of the 13 matches 
for each gender is presented in the results.

Ethical approval
the research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the decla-
ration of Helsinki, and has been approved by the Re-
search Ethics committee of the University of São Paulo, 
School of Physical Education and Sport of Ribeirão 
Preto (cAAE: 67387017.7.0000.5659).

Informed consent
the referred Research Ethics committee waived 

the presentation of the informed consent.

Results

the analysis of the offensive phase of the teams par-
ticipating in the 6th World Handball championship 
revealed that teams of both genders tended to conclude 
their attacks with a throw (females: 73.9 ± 4.0%, t12 = 
21.6, p < 0.001; males: 80.6 ± 3.5%, t12 = 31.4, p < 0.001). 

However, male teams were more likely to throw when 
compared with women (t24 = –4.55, p < 0.001).

We also observed that ball possession was changed 
after the majority of attacks concluded and interrupt-
ed, regardless of gender (table 3). in the comparison 
between genders, there were more ball possession 
changes in the concluded attacks in men’s matches 
(U = 39.0, z = –2.33, p = 0.020) and in the interrupted 
attacks in women’s matches (t24 = 4.50, p < 0.001). 
there was no difference in maintaining ball posses-
sion, either for concluded (t24 = –1.78, p = 0.088) or 
for interrupted attacks (t24 = 0.36, p = 0.721).

the spectacular goal was the attack outcome most 
frequent in both genders (Figure 2). When the genders 
were compared, men had a higher percentage of spec-
tacular goals (t24 = –3.62, p = 0.001), while women 
had a higher percentage of blocks (U = 38.0, z = –2.39, 
p = 0.017) and attack errors (U = 28.0, z = –2.90, p = 
0.004).

Discussion

this study aimed to identify the self-organization 
cycle of high-level beach handball and to verify if there 
were differences in this respect between female and 
male matches. A piece of evidence presented in beach 
handball was the occurrence of throws to the goal, 
pointed out as one of the main attractors of self-or-
ganization in this sport for both genders. this may be 
related to the specific characteristics of the sport, 
which presents offensive numerical superiority guar-
anteed throughout the match by the rules themselves 
(except when one team has a punished player) [14]. 
According to these rules, the team with the ball could 
replace the goalkeeper to attack with 4 attackers against 
3 defenders, which increases the chances to conclude 
the offensive phase with a throw.

table 3. Ball possession at the end of the attack in female and male elite beach handball

Variables
Ball possession

t-test df p
Kept changed

Attacks concluded
Women 5.8 ± 2.2% 68.1 ± 5.4% –41.5 12 < 0.001
Men 7.7 ± 3.1% 72.8 ± 4.0% –24.5 12 < 0.001

Attacks interrupted
Women 8.6 ± 2.7% 17.5 ± 3.6% 10.1 12 < 0.001
Men 8.2 ± 2.9% 11.2 ± 3.6% z = –1.87* – 0.062

* Wilcoxon signed rank test
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considering that the majority of the attacks will 
end with a throw to the goal, another finding of this 
research is that the spectacular goal, characterized by 
difficult execution and worth 2 points, was the most 
frequent attack outcome observed in both genders, 
as presented by other authors [15]. in relation to the 
previous feature, it seems that men had more chances 
to score than women in beach handball. Given that 
there was a greater frequency of spin shots for both 
genders in the 2014 competition [26, 27], and also in 
European youth teams [12] and in a specific tourna-
ment [16], although the spectacular goal can be per-
formed in different ways (e.g. 360° spin shot, in-flight 
shot, penalty shot, shot by a goalkeeper or specialist 
player) [28], the fact that men were more effective 
may be explained by differences in strength of lower 
and upper limbs between genders or by the level of 
training [29]. We also identified that men were more 
likely to score a spectacular goal, while women exe-
cuted more blocks and attack errors [15], which ex-
plains the observed percentage differences.

On the other hand, the male and female gold medal 
teams in the 6th World Handball championship 2014 
presented a greater frequency and effectiveness in 
in-flight throws compared with the other teams [26, 27]. 
considered a more complex technical-tactical aspect 
owing to the involvement of 2 players of the same team 
[30], the performance of the in-flight throw can be an 

indicator of the level of beach handball teams, espe-
cially female ones [3] – but, as previously highlighted, 
it seems that the same is true for male teams [27].

the constant change of ball possession between 
teams was identified as another attractor for the self-
organization cycle of beach handball in both genders, 
with reference to both completed and interrupted at-
tacks. this can be explained by the fact that completed 
attacks are considered to be those in which there is 
a shot towards the target, from which different results 
can occur (as shown in Figure 2: goal, shooting out, 
goalkeeper’s defence, block, and goalpost). thus, there 
were large percentages of changing ball possession, 
even in concluded attacks (see table 3). in interrupted 
attacks, in which there is a loss of ball possession with-
out shoot, the same behaviour of changing ball pos-
session was observed (see table 3) – through attack 
error, interception, and defensive or offensive violations.

From this perspective, there is no reason for the 
team in the offensive phase to accelerate their attack 
(except when the team is losing in the final moments 
of a match), since ball possession is unlikely to be 
maintained with the conclusion or interruption of the 
attack. it seems more interesting for the attacking team 
to wait for the substitution of the goalkeeper to attack 
in numerical superiority [14] and apply offensive ac-
tions that allow the accomplishment of the spectacu-
lar goal. this attractor becomes even more evident if 

Figure 2. Attack outcome after attacks concluded or interrupted in beach handball

* p < 0.05
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one considers the observed small percentage of direct 
goals (goalkeeper’s throws) performed by male (< 1.8%) 
and female (< 1.1%) teams in the 2014 competition [31].

After ball possession change, the team that loses 
the ball does not necessarily need to press the oppo-
nent in the offensive court as this team will have nu-
merical inferiority, which guarantees advantage to 
the opponent’s attack. it is more advantageous for the 
defence to return to its defensive field and rapidly sub-
stitute the specialist player with the goalkeeper, to 
try to induce the opponent’s attack with a simple goal 
attempt, since it is unlikely that it will be able to prevent 
the execution of the throw. this guaranteed numeri-
cal superiority of the attack over the defence could be 
a possible indicator to the coaches not to prioritize 
the occurrence of counter-attacks in beach handball. 
Unlike in the transition phases of indoor handball, in 
which a quick transition can provide a numerical ad-
vantage attack [32], in beach handball, owing to the 
numerical advantage guaranteed [14], there is no need 
for the attacking team to look for a quick offensive tran-
sition or even try a direct goal from the goalkeeper. it 
does not mean that these strategies cannot be applied; 
however, they present a higher risk of failure and their 
use could be reserved for critical moments (e.g. matches 
tied in the final minutes or when a team needs to de-

crease big advantages in the score). the self-organiza-
tion cycle of high-level beach handball is represented 
in Figure 3.

From the offensive point of view, when there is 
a throw to the goal followed by recovery of ball posses-
sion by the same team that threw, there is also a fluc-
tuation of the system. this can occur mainly owing to 
the action of the goalkeeper, who can prevent the goal 
(spectacular or simple) but does not recover the ball, 
giving the opponents a new opportunity to attack. An-
other fluctuation highlighted is related to the attempt 
of a simple goal in a deliberate manner, depending on 
the match status and time. these fluctuations hap-
pened when the score was very close and with little time 
remaining in the set. the team holding match score 
advantage and the last ball possession of the set pre-
fers to choose a simple goal throw, which presents less 
complexity (and therefore less risk of error), but which 
is enough to win the set or the match (maintaining, 
for example, 2 ball possessions of advantage).

the influence of match status is not exclusive to 
beach handball. in football, the best European teams 
showed a shorter sequence of passes when they were 
winning the matches [33] and the attackers were 
more active when their team led the match, while de-
fenders had a higher work rate during periods in which 

Figure 3. Self-organization cycle of high-level beach handball. Full and dark arrows indicate the system attractors 
(events most likely to occur). dashed arrows denote system fluctuations (the lower the thickness and the colour  

intensity of the arrow, the lower the probability of occurrence)
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the defending team were losing or the score was tied [34]. 
considering the match status and time, in the last quar-
ter of close NBA games, the defenders tend to perform 
more fouls to stop the game and reduce the chances 
to score points per possession by the fouling team via 
free-throws [35].

in addition, this strategy of opting for the simple 
goal used by the teams that are winning is supported 
by beach handball official rules. As the points are not 
accumulated for the next set, it is necessary to win 
the first 2 sets, regardless of the general score, to win 
a match. if there is a tie of one set for each team, the 
game will be decided in the third set (shoot-out sys-
tem). A total of 5 alternate throws (attacker vs. goal-
keeper) are performed by each team, with the team 
that scores the most points at the end being the win-
ners [28]. As in volleyball, each set can be considered 
a new match since the teams will start the next set 
with zero points. in this way, player behaviour will be 
influenced by match status in each set. the players can 
either try harder to win the set or save themselves 
physically to return more recovered to the next set, when 
it is impossible to overturn the opposing team’s advan-
tage. A similar effect was evidenced in volleyball, with 
the demonstration that teams made different decisions 
depending on the score in each set. in sets with non-
tied scores, teams took more risky decisions, while in 
sets with tied scores, teams opted for safer tactical 
strategies [17].

Conclusions

considering the guiding questions of this study, the 
self-organization cycle of beach handball is defined as 
a game with prevalence of attack over defence, which 
helps to identify patterns of play in this sport and to 
understand its dynamics. this contributes to the in-
crease of knowledge about the game among scientists, 
players, and coaches.

Beach handball presents a higher probability of 
the offensive phase ending with a spectacular throw 
and with a constant change of ball possession during 
the match (system attractors). the fluctuation of the 
system occurs when the defending team recovers the 
ball before the opponent’s throw to the goal (turnovers), 
when the execution of a spectacular goal is difficult, 
inducing the achievement of only a simple goal, or when 
the attacking team keeps the ball after a throw to the 
goal or scores a simple goal purposely (with a very close 
score). in addition, the cycle involved the same behav-
iour for both genders, although men presented more 
chances to score than women.

On the basis of the understanding of the self-organ-
izational cycle in beach handball, this study presents 
the main characteristics of each phase of the game, 
as well as the indicators that may guide the creation of 
specific game models, associating the specific demands 
with the coaches’ context (i.e. competitive level, player 
characteristics). thus, the findings of this study may 
assist the coach in their professional performance, as 
the knowledge of the cycle and its main attractors can 
influence training session planning through prioritiz-
ing exercises that will develop the characteristics of each 
phase of the game (offensive/defensive/transitions).

indeed, the coach must design the guidelines for 
their team’s game model from the characteristics of the 
self-organization cycle of beach handball, respecting 
its attractors, since interactions between players from 
different teams can produce system fluctuations and 
unbalance the match result (e.g. recovering ball pos-
session without the opponent’s throws to the goal). 
coaches can therefore plan strategies to provoke op-
ponents’ turnovers and use fluctuations in favour of 
their own team (in the defensive phase), as well as rein-
force strategies for scoring spectacular goals (in the 
offensive phase).

the main limitations of this study are related to 
the analysis of the shoot out (as an exceptional game 
situation, played when each team wins a set), which 
has different dynamics than the other sets. in addition, 
future studies can bring analyses of the match status, 
the position of the team on the court (whether it plays 
for or against the sun), and different stages of the com-
petition (group stage or playoffs).
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