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ABSTRACT

Purpose. This study aimed to analyse the correlations between individual technical determinants and the overall team
performance in rink hockey sport.

Methods. Retrospective observational data were collected from 182 matches played by 14 teams competing at the first
division of the Portuguese national senior rink hockey championship (full season, 2018/19). Goals scored, goals conceded,
direct free-hits, penalties, and final classifications were collected by team, on the basis of the official scoresheets of the
games, validated by the official referees.

Results. The results revealed that direct free-hits were more prevalent, although teams were more effective on penalties
(40.4%) than direct free-hits (27.1%). Strong inverse relationships between direct free-hits effectiveness and final classifica-
tion in the league (r = -0.71, p = 0.004) as well as penalties (r = -0.58, p = 0.029) were found. The effectiveness of the
technical determinants, penalties, and direct free-hits increased with the proficiency of the teams in the classification. How-
ever, the bottom teams experienced significantly higher weights of these technical determinants on the team’s total goals
scored (1°-4": 15.3%, 5"-9"™: 25.6%, 10"-14™: 23.9%; p < 0.05).

Conclusions. In conclusion, individual technical determinants’ effectiveness was a strong predictor of team performance,
accounting for at least 22.1% of the total goals scored in the full season, highlighting athletes’ specialization in the training
process.
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Introduction (at both the individual and team levels) that must be

improved during the training process [2].

Team sports practitioners have been progressing
their knowledge in relation to the individual and tech-
nical determinants needed to outperform their oppo-
nents by observing and analysing the training- and
match-related physical, technical, and tactical demands,
which has led to the development of match analysis
systems to collect and gather data from various sports
[1]. In an environment of extreme competitivity, these
data analyses could be crucial for determining and
identifying training and match weakness and strengths

Despite the lack of research regarding rink hockey;,
efforts have been made to understand the demands
of this team sport. Such efforts have demonstrated
a common pattern of typical intermittent demands [3],
where it is expected that players have to deal with
performance stressors such as sprints with high ac-
celerations and decelerations and changes of direc-
tion, resulting in its high-intensity nature, as it has
been well-documented in other team sports, such as
soccer, handball, basketball, and futsal [4-8].
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Rink hockey, as any other team sport, is charac-
terized by its complex dynamic system [3] in which
players are expected to engage in interactions of or-
der vs. disorder between them that may affect their
behaviours throughout the game, as well as the final
outcome of the match [9]. Considering the dynamic
and uncertain nature of the behaviours (and for the
purpose of performance analysis of this sport), the
roller-hockey indoor field area has been divided into
3 corridors (left, right, and centre), 6 areas, and 18
zones [10]. Areas 1 and 2 are the defensive areas;
areas 3 and 4 are the intermediate areas; and areas
5 and 6 are the definition areas, which are where the
players’ role actions occur during a match.

With the aim to analyse the goalkeepers’ perfor-
mance, Sousa et al. [10] found that the goalkeepers
tended to be more effective during the first half than
the second half, which might be caused by the levels
of physical and mental fatigue that occurred during
the match, thus decreasing goalkeeper performance
determinants in the late phases of the match, as previ-
ously documented in other studies related to soccer [11].
Because of the aforementioned mental and physical
fatigue — and the game-specific rules regarding faults
accumulation during the second half - opportunities
for direct free-hits increase as the match progresses.
Further, recent research has revealed that goalkeepers
are more effective in defending direct free-hits when
they use the technique of moving their arms and when
they assume a squatting position with a knee on the
floor. Also, goalkeepers were less effective in defending
direct free-hits when converted by left-handed play-
ers [12].

The team performance depends on the interaction
between players on the field, supported in different
moments that characterize the game: positional attack,
positional defence, transitions, period of inferiority, and
free shots (penalty and direct free-hit). Recent research
on similar team sports (e.g., soccer, basketball, hand-
ball, futsal) has described the moments of the game
when the offensive playing style of a team and offen-
sive transitions tend to favour goal scoring for the at-
tacking team, as well as the analysis of global perfor-
mance [13-16].

Even though rink hockey is played by many athletes
around the world, little is known about this sport, and
the empirical knowledge of rink hockey is supported
only in practice and through experience. Moreover,
performing penalties and direct free-hits gives players
more chances to score when compared with indirect
free-hits and other moments of the game (e.g., during
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positional attacks and periods of inferiority), proving
the importance of match analysis and previous obser-
vation. Moreover, to the best of our knowledge, specific
metrics on this topic are innovative and helpful to
coaches when designing training sessions.

Therefore, considering the complexity of this game,
this paper analyses the correlations between team
performance and individual technical determinants
of rink hockey game actions. The findings may allow
coaches to periodize training in accordance with the
specific match demands and typical behaviour pat-
terns of play.

Material and methods
Sample

In this study, 182 matches played by 14 teams were
analysed. The teams competed in the first division of
the Portuguese national hockey championship organ-
ized by the Portuguese Roller Sports Federation (Fed-
eragao de Patinagem de Portugal, FPP) [17] during the
2018/19 season. As such, this cohort study includes
a retrospective observational data collection for a full
season.

Materials and procedures

For data collection, the FPP website was used [17],
which contains all the official match details, includ-
ing official spreadsheets of the games validated by
the referees nominated by the FPP and available to
the public. The data were subdivided into 3 parts: (1)
the first round of the championship; (2) the second
round of the championship; and (3) the entire cham-
pionship. Data for the full 2018/19 season were col-
lected retrospectively by 2 trained coaches of level 11
and III specific of rink hockey sport. As outcomes of
interest, variables such as goals scored, goals conceded
(and the ratio between these 2 variables), direct free-
hits, penalties, and final classifications were analysed.
Data from each team participating in the Portuguese
championship were considered. In addition, the set
pieces of each team (i.e., converted and unconverted
penalties in favour and against each team and con-
verted and unconverted direct free-hits in favour and
against each team) were investigated.

On the basis of the final classification of data col-
lected from the 2018/19 season, stratification in 3 dif-
ferent groups was carried out in accordance with the
rankings in the competitive table, which are as fol-
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Table 1. Descriptive statistics of total goals scored, penalties, and direct free-hits converted over the full season

Descriptive data among 14 teams Mean (SD) Min. Max.
Total goals scored 95.1 (26.0) 64 150
Total penalties in favour 20.8 (4.7) 15 29
Converted penalties in favour 8.4 (2.5) 4 14
Ratio penalties converted:total goals scored (%) 9.2 (3.3) 5.6 18.0
Total free-hits in favour 42.8 (11.2) 23 59
Converted free-hits in favour 11.6 (3.6) 3 17
Ratio free-hits converted:total goals scored (%) 12.9 (5.2) 4.0 21.5
Ratio converted penalties and free-hits:total goals scored 22.1 (5.7) 12.4 30.4
lows: (i) champions (1%-4"); (ii) CERS (Confédération Results

Européenne de Roller Skating) (5""-9"); (iii) others
(10"-14"). This stratification served to analyse the
technical determinants efficacy, weight on total goals
scored, and final classification of the championship.

Statistical procedures

The results were expressed as mean (standard de-
viation) for descriptive statistics. For efficacy calcula-
tion (%), converted set pieces were considered divided
by the total situations of a specific technical determi-
nant (direct free-hits and penalties) or total goals of
the season (weight on the total goals scored). To test the
reliability between the 2 coaches, kappa coefficients
(k) were calculated for the outcome variables of in-
terest (above 0.90), indicating an almost perfect level
of agreement.

The data followed normal distribution and Pear-
son bivariate correlations were used to analyse the re-
lationship of the efficacy of offensive direct free-hits
and penalties with the final classification in the league.
As implied in the literature [18], the magnitudes of
correlations were classified as trivial (0.0-0.1), small
(0.1-0.3), moderate (0.3-0.5), large (0.5-0.7), very large
(0.7-0.9), and nearly perfect (0.9-1.0). Comparisons
between technical skills efficacy, weight of these de-
terminants on total goals scored and final classifica-
tion were executed by using one-way ANOVA, with
significance value of p < 0.05. The Bonferroni proce-
dure was applied as a multiple comparison between-
group post-hoc test. All statistical analyses were per-
formed with the IBM SPSS® Statistics (version 25,
Chicago, USA) for the value of p < 0.05.

Ethical approval
The conducted research is not related to either hu-
man or animal use.

As presented in Table 1, each team had an aver-
age (SD) of 20.8 (4.7) penalties and 42.8 (11.2) direct
free-hits on the basis of the Portuguese senior rink
hockey full-season analysis. Of the offensive penal-
ties per team, a mean (SD) of 8.4 (2.5) were converted
(40.3%). In addition, even with the medium effective-
ness of this technical issue on the game, the mean
(SD) weight of the converted penalties on total goals
scored was 9.2% (3.3%).

Regarding another technical determinant of the
game, offensive direct free-hits were more prevalent:
mean (SD) of 42.8 (11.2) per team, full-season break-
down. Despite the higher prevalence of direct free-
hits, the effectiveness of this parameter was lower
than that of penalties (27.1%). In consequence, the
mean (SD) weight of the converted direct free-hits on
total goals scored was 12.9% (5.2%). Overall, both
types of technical determinants described above had
a significant weight (22.1%) on team performance,
namely on total goals scored.

When applying the Pearson bivariate correlation
between the effectiveness of direct free-hits and the
final classification in the rink hockey first league,
a consistent inverse relationship was observed, rep-
resenting a very large correlation between both (r =
-0.71 [-0.29; -0.9], p = 0.004). The same dimensions
of inverse associations were observed among penalties’
effectiveness and the final classifications, represent-
ing a large correlation between both (r=-0.58 [-0.07;
-0.85], p = 0.029). This linear pattern is illustrated
in Figure 1.

When the analysis was stratified by the proficiency
level (Table 2), the teams that were in the champions’
places (1°-4") presented greater efficacy of direct free-
hits and penalties, indicating means (SD) of 32.7 (2.8)
and of 43.5 (3.7), respectively. In comparison, teams
in CERS places (5"-9"") had means (SD) of 30.6 (6.1)
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Figure 1. Relationship between the effectiveness of direct free-hits, penalties, and final classification
in the championship
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) . Figure 2. Relationship between the ratio
As mentioned above, the effectiveness of these tech-

of goals scored and goals conceded with final

nical determinants is an important predictor of team classification in the championship
performance that increases the positive balance be-

tween attack and defence. A clear linear relationship Discussion

was observed between the ratio of goals scored and

goals conceded with the final classification in the rink Rink hockey is characterized by consistent inter-
hockey championship (Figure 2). This ratio explains mittent changes between phases/moments during
83% of the variation in the final classification. In addi- the game, as is expected of any invasion sport. The dif-
tion, Figure 2 illustrates a clear gap between the 5 teams ferent moments of a match lead to offensive actions that
above in the table and the other teams, with the 5 best may result in a goal. Currently, the offensive phases or
teams in the final classification all presenting ratios moments that characterize goals are marked by tactical
between attack and defence of above 0. complexity. The main findings of this study showed

Table 2. Technical determinants of efficacy and weight on total goals scored by category of final championship

classification
Mean (SD) Group 1* Group 2**  Group 3*** p
Efficacy of direct free-hit (%) 32.7 (2.8) 30.6 (6.1) 21.0 (7.7) 0.030
Weight of converted direct free-hits on total goals scored (%) 8.8 (1.5) 16.0 (3.8) 13.1 (6.4) 0.106
Efficacy of penalties (%) 43.5 (3.7) 43.5 (5.6) 34.4 (9.0) 0.091
Weight of converted penalties on total goals scored (%) 6.5 (0.8) 9.6 (1.6) 10.8 (4.7) 0.137

Weight of converted direct free-hits and penalties on total
goals scored (%)

* champions (1°'-4"), ** CERS (Confédération Européenne de Roller Skating) (5"-9"), ***others (10""-14")

153(22) 256(3.7)  23.9(4.8) 0.005
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that individual technical offensive determinants were
consequences of tactical offensive actions, such as di-
rect free-hits and penalties, and their effectiveness had
a great impact on the final classification of the first
league, accounting for at least 22.1% of the total goals
scored. As expected, the higher classified teams exhib-
ited higher scores of effectiveness in individual tech-
nical determinants. However, the weight of this efficacy
on the total number of goals scored by each team was
significantly higher on the below categories of the fi-
nal classification.

Regarding the ratio of goals scored to those conced-
ed and its linear relationship with the final classifi-
cation, the top 5 teams presented a greater difference
in relation to the other teams. In fact, winning teams in
other team sport contexts — such as futsal [19] or hand-
ball [20] - presented greater offensive technical actions,
as well as a higher ratio of goals scored to goals con-
ceded, which resulted in better final outcomes (i.e.,
higher final classification) [21], which is in line with
our results. This may be because the best teams gen-
erally have the best players and the best goalkeepers, as
well as the best training conditions, which potentiates
the balance between offensive and defensive deter-
minants.

In rink hockey, in terms of total goals scored, direct
free-hits were the most influential individual techni-
cal determinant. However, it was not as effective as
total penalties in favour. These data indicate that de-
spite being less frequent, penalties have a higher suc-
cess rate in offensive terms than direct free-hits. In pen-
alties, the goalkeepers, regarding technical issues, are
more conditionate to have a global success; these are
a difficult individual technical action to reproduce in
training sessions. The precision and power of shots and
the rule penalizing goalkeeper movements are some
of the conditions that minimize exposure during train-
ing process.

Despite these differences in effectiveness, both tech-
nical determinants had an important role in the final
classification. In line with the present results is a de-
scriptive observational study of 3 games played by the
Portuguese national futsal team, in which it was found
that out of 56.9% of organized attacks that resulted
in goals scored, 25.8% were from set pieces and only
17.4% were from counterattacks [21]. This indicates
that set pieces have a great weight in the final result of
a match and, therefore, in the final classification of
a team. Also, in other team sport contexts (handball),
it was observed that the shots from 6 m, 7 m, and 9 m
were the most effective offensive actions [22].

Penalties and direct free-hits are very important in
rink hockey, as they are 1 X 1 actions, with the remain-
ing players at a considerable distance, which often gives
the player who scores the set ball a second ball (i.e.,
another chance to score). Moreover, the greater effec-
tiveness in scoring from penalties than from direct free-
hits might be because the goalkeepers can only act
from the moment the field player touches the ball. As
penalties are executed closer to the goal than direct
free-hits, the time that goalkeepers have to act is re-
duced, which may affect the final result. Also, the fact
that the players start 1 x 1 actions (in the case of di-
rect free-hits) gives goalkeepers the same probabilities
as the field players. In addition, it makes the training
process of direct free-hits more frequent, thereby im-
proving the performance of both players involved in the
technical action in contrast to the penalties exposure.

Considering the correlations of the efficacy of offen-
sive direct free-hits and penalties with the final clas-
sification of the league, an inverse relationship was
found between both situations, meaning that higher
rankings depend on the effectiveness of offensive deter-
minants. In fact, in a descriptive observational study
that analysed 3 matches played by the Portuguese fut-
sal national team in the European Selection Champi-
onship, set piece actions presented a higher rate of ef-
fectiveness (46.2%) than organized actions (15.4%) and
counterattacks (38.5%) [21].

Research in the handball context demonstrated
a high prevalence of goals scored from 7-m hits among
senior winning teams [23]. Furthermore, it was doc-
umented that winning teams had greater 7-m hit effec-
tiveness (around 79.5%) when compared with all other
technical determinants, as well as in relation to losing
teams [24]. Moreover, a clear gap was shown between
winning teams and losing teams in terms of the effec-
tiveness of offensive actions, which is in concordance
with the results of the present study.

Despite these results, the top 4 teams were signifi-
cantly more effective in scoring from direct free-hits
and penalties than the other teams owing to the more
proficient patterns of their athletes. In a study conducted
during the 2013 World Handball Championship, the
authors stratified teams into 3 groups by their rank-
ings, as was done in the present study. They found that
better teams had greater effectiveness in terms of total
attempted shots in relation to their lower-ranked coun-
terparts [25]. In another study that analysed perfor-
mance determinants of Olympic, World, and European
handball teams, it was observed that highly ranked
European teams (among the top 8) had greater offen-
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sive actions efficiency than the other teams [26]. How-
ever, those offensive actions were related to offensive
transitions and not set pieces. In addition, our study
described that in rink hockey teams, these individu-
al technical determinants were weighted more heav-
ily in terms of total goals scored in low-ranked teams.
This finding highlights the importance of achieving
effectiveness and designing the season while prepar-
ing a specificity in the squad available.

As the effectiveness of offensive technical determi-
nants is related to winning teams [7], it is expected that
teams placed at the top of the classification depend
relatively little on set pieces, as their style of play may
result in better-organized attacks, transitions, and spe-
cific moments of recovering the ball, which result in
goals. In contrast, other teams have significantly fewer
opportunities, thus giving more weight to the individ-
ual situations that are available. Also, with regard to
ball repossession and its natural offensive transition,
which is typical of invasion games and of rink hockey
in particular, it is more likely that a team will regain the
ball in the defensive area of the field nearest to their
goal [7]. Little is known about the types and direction
patterns of shooting or the direct free-hit, and some
studies were based on the previous rules, which placed
different constraints on the actual game. However,
recent research has revealed that direct free-hits in
zone 3, with previous dribbling, converted by left-
handed players are the most effective [12].

The present study has some limitations. We were
unable to make indirect or direct observations of the
games; however, we had access to the official game bul-
letins provided by the FPP, validated by the official ref-
erees. All data were collected and analysed by level II
and III coaches. In addition, we performed a double
check of the variables of interest by trained technicians;
this showed an almost perfect reliability.

On the other hand, the use of retrospective data
from all teams across a full season among senior ath-
letes provides a representative sample size of some im-
portant determinants of rink hockey. As such, this study
presents some practical applications. As the efficiency
of set pieces has a great influence on the final classifi-
cation, the bottom teams would benefit from more ex-
posure to set pieces during training. Observations and
analyses of opponents’ defensive and offensive set pieces
could also help these teams to improve their effective-
ness. Moreover, coaches should use players who are
more comfortable converting set pieces and are highly
effective in doing so, thereby promoting a cross-sec-
tional athlete specificity.
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Conclusions

This study aimed to analyse the correlations be-
tween team performance and individual technical
determinants of rink-hockey actions. Top teams, spe-
cially the top 5, clearly have higher ratios of goals scored
to goals conceded than low-ranked teams, which dem-
onstrates the importance of defensive/offensive bal-
ance. While offensive direct free-hits were the most
prevalent parameter, penalties were the most effective
technical determinant in terms of total goals scored.
Both had a direct impact (above 20% of total goals
scored) on the overall season performance - final clas-
sification. Despite the importance of the individual
technical determinants, the success of the top 4 teams
depended relatively little on set pieces because of their
offensive style of play. Knowing what individual tech-
nical determinants are more closely related to strong
team performance allows coaches to prioritize train-
ing sessions so that they can highlight their athletes’
specializations.
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