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Abstract
Purpose. In futsal, the goal is the most important situation that can lead the teams to victory. The understanding of when 
they are scored can help adopting effective strategies, increasing the chances of victory. This study aimed to compare 2 models 
for analysing goals scored in futsal as a function of time.
Methods. Overall, 1122 goals were analysed in 194 matches of the 2018 Brazilian Futsal League, male adult category. 
The playing time was divided into four 10-minute periods (conventional model) and eight 5-minute periods (alternative 
model). The goal occurrence was compared with mixed models of repeated measures, and the fit of models by Akaike infor-
mation criterion (AIC) and Bayesian information criterion (BIC).
Results. Both models were statistically significant (p < 0.001), indicating that the means of goals were different depending 
on the periods. The conventional model showed that the mean of goals was higher in the final 10 minutes (p < 0.001); the 
alternative model implied that from the seventh to the eighth period the mean of goals increased by 39.1% (95% CI: 0.27–0.64, 
p < 0.001). In addition, the 5-minute model revealed a better fit than the 10-minute model in accordance with AIC and BIC.
Conclusions. This finding suggests that more reliable models are useful for better understanding of how the frequency 
of crucial events, such as goals, changes in the course of a match. We provide information for the coaching staff to strategi-
cally think about the best situations for their teams to succeed in competitive matches.
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Introduction

Futsal is characterized by high-intensity efforts in 
a short interval with few pauses for recovery during 
the match [1–3], increasing fatigue, and decreasing 
athletic performance [4, 5]. In this context, unlimited 
substitutions are crucial, as fatigued players can be 
replaced for recovery, which keeps the team in better 
physical and technical playing conditions [6]. Man-
aging the moments of entrance and exit in the match 
is an important task because futsal is sensitive to 
strategic decisions, in which small adjustments can 
reach different results.

The goal is the main event of the match and all teams 
aim to achieve a positive balance between scored and 

conceded goals [7]. Considering that the goal frequency 
is not linear during the match, the characteristics of 
goal moments are becoming a topic of interest for the 
scientific community [3, 8]. Identifying patterns is es-
sential for adopting more effective strategies, increas-
ing the chances of victory [9]. These strategies involve 
not only physical and tactical aspects, but also cogni-
tive and emotional performance. There is evidence that 
defensive action and organization [10], finishing action 
[11], and counterattacks [12] can directly influence 
the final result of the match.

To understand the goal frequency in futsal, several 
studies divided the playing time into four 10-minute 
periods [13, 14] and, as far as we know, only one study 
divided the playing time into 5-minute periods [15]. 
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Although Castagna et al. [4] argue that in futsal the 
average playing time per substitution is 10 minutes, 
the 10-minute model seems to be limited because it 
generalizes different situations in the same analysis 
category owing to the large amplitude of each period. 
This limitation can reduce the ability to understand 
game scenarios, making it necessary to adopt criteria 
that increase the descriptive potential of critical events 
that occur throughout the match [16, 17]. However, 
Ohmuro et al. [18] suggest that because of the increased 
intensity of a futsal match, the substitution playing 
time reduced to 4.6 minutes. Given these scenarios, 
there is a need to understand which is the best option 
to analyse the frequency of goals in futsal (10 minutes 
vs. 5 minutes).

Considering this, we propose to analyse an alter-
native model of goal frequency in futsal matches, in-
volving 3 criteria: theoretical validity, practical appli-
cation, and statistical support. We hypothesized that 
an analysis of goal frequency in shorter periods (i.e., 
5 minutes) might be more sensitive when compared 
with the conventional model. Thus, this study aimed to 
compare 2 models for analysing goals scored in futsal 
as a function of time.

Material and methods

We analysed 1122 goals that occurred in 194 
matches of the 2018 Brazilian Futsal League, adult 
male category. The data were collected through digital 
summaries of the matches, available on the official web-
site of the Brazilian Futsal League [19], transcribed to 
an electronic spreadsheet. The playing time was divided 
into four 10-minute periods (conventional model) and 
eight 5-minute periods (alternative model), totalling 
40 minutes, in accordance with the official rules of 
futsal. Goals that occurred overtime were not consid-
ered (only 2.6% of the matches had overtime, during 
the playoffs, in line with the championship rules).

The mean and standard deviation were used as 
measures of central tendency and dispersion, respec-
tively. The Shapiro-Wilk and Levene tests served to 
identify normality and homogeneity, respectively. The 
occurrence of goals was compared by using mixed 
models of repeated measures, with time considered as 
a fixed factor, and the match as a random factor. In 
mixed models, paired comparisons were performed to 
identify differences in relation to the specific periods 
of the match. The models were compared by using the 
Akaike information criterion (AIC) and Bayesian in-
formation criterion (BIC), considering the same covar-

iance matrices in both models. The statistical soft-
ware applied was IBM SPSS for Windows, version 25.0. 
We adopted 5% as the level of statistical significance.

Ethical approval
The conducted research is not related to either hu-

man or animal use.

Results

The 2018 Brazilian Futsal League was played by 
19 teams from different regions. Most goals occurred 
in the second halves of the matches. Figure 1 shows 
the occurrence of goals according to the conventional 
model. Considering 10-minute periods, 19.3% of the 
goals occurred in the first period, 24.5% in the second, 
22.8% in the third, and 33.4% in the final period. The 
mixed model of repeated measures was statistically 
significant (F = 14.1, p < 0.001), indicating that the 
mean of goals was different depending on the match 
periods. The mean of goals increased from the first 
to the second period (  = 21.5%, 95% CI: 0.03–0.26, 
p = 0.010). The last period presented greater values 
when compared with the previous 3 periods (first: 

 = 42.4%, 95% CI: 0.27–0.52, p < 0.001; second: 
 = 26.7%, 95% CI: 0.12–0.38, p < 0.001; third:  = 

31.7%, 95% CI: 0.17–0.42, p < 0.001).
Figure 2 shows the occurrence of goals in the al-

ternative model. Considering 5-minute periods, 9.5% 
of the goals occurred in the first period, 9.8% in the 
second, 10.8% in the third, 13.7% in the fourth, 12.9% 
in the fifth, 9.9% in the sixth, 12.7% in the seventh, 
and 20.8% in the last period of matches.

The mixed model of repeated measures was sta-
tistically significant (F = 9.2, p < 0.001), demonstrat-
ing that the mean of goals scored in each period was 
different. The number of goals increased in the fourth 
period compared with the first (  = 31.2%, 95% CI: 
0.08–0.40, p = 0.004), the second (  = 28.6%, 95% 
CI: 0.06–0.38, p = 0.007), and the sixth periods (  = 
27.9%, 95% CI: 0.06–0.37, p = 0.008). The fifth period 
mean was higher than that in the first (  = 26.9%, 
95% CI: 0.03–0.36, p = 0.020), the second (  = 24.1%, 
95% CI: 0.01–0.33, p = 0.034), and the sixth inter-
vals (  = 23.4%, 95% CI: 0.01–0.33, p = 0.038). The 
seventh period value was also higher compared with 
the first (  = 25.3%, 95% CI: 0.02–0.33, p = 0.024), 
the second (  = 22.5%, 95% CI: 0.01–0.31, p = 0.041), 
and the sixth periods (  = 21.8%, 95% CI: 0.01–0.30, 
p = 0.047). Finally, the mean of goals in the final 5 min-
utes was higher than in all other periods (first:  = 54.5%, 
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95% CI: 0.45–0.81, p < 0.001; second:  = 52.8%, 
95% CI: 0.43–0.79, p < 0.001; third:  = 48.1%, 95% 
CI: 0.37–0.75, p < 0.001; fourth:  = 33.9%, 95% CI: 
0.20–0.58, p < 0.001; fifth:  = 37.8%, 95% CI: 0.24–
0.63, p < 0.001; sixth:  = 52.4%, 95% CI: 0.43–0.77, 
p < 0.001; seventh:  = 39.1%, 95% CI: 0.27–0.64, 
p < 0.001).

AIC and BIC are presented in Table 1. Both coeffi-
cients were lower in the 5-minute periods, suggesting 
that the alternative model showed a better fit compared 
with the conventional one.

Table 1. Akaike (AIC) and Bayesian (BIC) information 
criteria corresponding to the mixed models  

of repeated measures

Models AIC BIC

Conventional (10-minute periods) 4053.702 4075.223
Alternative (5-minute periods) 4022.295 4065.317

* difference (p < 0.05) from the first period, ** difference (p < 0.05) from all periods

Figure 1. Mean and standard deviation of goals per match and sum of goals in the 2018 Brazilian Futsal League.  
In the conventional model, the playing time was divided into 10-minute periods

* difference (p < 0.05) from the first, second, and sixth periods, ** difference (p < 0.05) from all periods

Figure 2. Mean and standard deviation of goals per match and sum of goals in the 2018 Brazilian Futsal League.  
In the alternative model, the playing time was divided into 5-minute periods
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Discussion

Comparing 2 models of goal frequency in futsal as 
a function of time, we observed that dividing the play-
ing time into shorter periods resulted in theoretical and 
statistical gains. Although the distribution curves are 
similar, the alternative model allows to understand 
the match with more detail, while the conventional 
model generalizes situations owing to wide intervals 
in its composition. Below, we present the theoretical 
validity, practical application, and statistical fit that 
supported the choice of the best model.

Theoretical validity

We propose that theoretical validity consists of the 
ability to explain the futsal match on the basis of scien-
tific evidence and inferences from other sports with 
similar characteristics, such as soccer. The convention-
al model indicates that there is a higher occurrence of 
goals in the final minutes of each half, which was cor-
roborated by the alternative model. However, the alter-
native model shows that the frequency of goals remains 
constant for 15 minutes with an increase in the final 
5 minutes of the first half. As presented in other stud-
ies [13, 15], there is a higher goal occurrence in the final 
10 minutes of the match, but we demonstrated that 
the mean increases by approximately 40% in the final 
5 minutes, indicating that this shorter period is critical 
for the final result. Souza and Santana [13] attributed 
the number of goals increased in the last period to the 
rotation with the goalkeeper, which can benefit the 
attack owing to a special situation (i.e., 5 × 4), but 
also leave the defensive system more vulnerable. Shyo-
di Fukuda and de Santana [14] also observed a higher 
prevalence of goals in the final 10 minutes (37%) and 
emphasized that the goalkeeper rotation was associ-
ated with positive effects because this special situa-
tion usually happened when teams were losing.

We could attribute this result to physical fatigue 
in the last period, but all teams are affected by drops 
in physical and cognitive performance, which can be 
mitigated by unlimited substitutions. Factors such as 
home advantage and mental fatigue, although influ-
encing sports performance [20–22], do not seem sen-
sitive in explaining the occurrence of goals in the last 
period. We believe that the higher goal occurrence is 
determined by circumstantial issues of the match, in 
which teams that are losing tend to adopt riskier strate-
gies. In the final minutes, these teams generally imple-
ment a more vulnerable defensive system to create 
a numerical advantage in the opponent’s field through 

goalkeeper rotation. We believe that this special situ-
ation indicates an inflection point in the occurrence 
of goals, which remains constant for most of the time, 
with a large increase in the eighth period.

Furthermore, the alternative model allows to iden-
tify a high prevalence of goals immediately after the 
half-time, which was not observed in the conventional 
model. The half-time is important for athletes’ recovery, 
but this passive pause affects physical and cognitive 
performance [23, 24]. Studies have shown that at the 
beginning of the second half, the physical performance 
decreases by approximately 10% [23, 25, 26]. Thus, 
it is clear that the high prevalence of goals at the be-
ginning of the second half may be associated with in-
sufficient physical recovery and decreased attentional 
capacity during the rest period, which will need to be 
investigated in future studies.

Considering that futsal is a timed game, in which 
every second can determine success or failure, an 
analysis of goals in 5-minute periods should be more 
interesting than that in 10-minute intervals. Meas-
uring game indicators in 10-minute periods appears 
inappropriate, as the substitution playing time rang-
es from 10 minutes [4] to 4.6 minutes [18].

Practical applications

We propose that the most accurate model provides 
options for decision-making during the match. The 
alternative model shows hidden events to coaches and 
athletes, allowing to rethink training and game strate-
gies, like Szwarc and Oszmaniec [27] did when creat-
ing a model to understand goalkeepers’ actions. Con-
sidering the high frequency of goals at the end of the 
match, a strategy could be to leave the best athletes in 
good athletic conditions for the final 5 minutes. How-
ever, the last period is dependent on previous decisions 
and tends to be more unpredictable than the rest of 
the match. It does not seem coherent to elaborate the 
game strategy only on the basis of the final 5 minutes 
because the last period may not be enough to reverse 
a disadvantage in the match. Moreover, success in the 
previous minutes may cause teams to adopt more cau-
tious strategies, exploring the opponents’ vulnerability 
through counterattack. Although crucial for the final 
result, the last 5 minutes are dependent on the rest of 
the match and should not be analysed in isolation. 
Therefore, we cannot say whether the better strategy is 
to leave the best players for the end of the game or to 
use them to get an advantage quickly.

Another contribution of the present study concerns 
the understanding of the game as a non-linear phenom-
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enon, which is a concept few explored, and it is directly 
related to the training method. It has been demonstrated 
that non-linear pedagogy training programs are as-
sociated with improvements of technical-tactical be-
haviours of youngsters [28] and are replicable in high-
performance settings. The high frequency of goals in 
the last period suggests that it is not enough to start 
the game in good conditions; it is necessary to reflect 
on how the players finish their matches, especially in 
relation to emotional and cognitive aspects. For this, 
mental training is important because the frustration 
and the perception of the game stimuli can modulate 
unfavourable emotional responses, reducing deci-
sion-making ability [29].

Another crucial point was the large number of goals 
right after the half-time break. In this context, we rec-
ommend re-warm-up as a way to prepare athletes for 
the second half [30, 31], mitigating the consequences 
of inactivity during the half-time.

Statistical support

Statistical support was deliberately placed as the 
last criterion, not because it is less important, but be-
cause it requires some reflections. Statistical signifi-
cance is a controversial issue in the scientific litera-
ture, especially in relation to the p-value [32]. Many 
studies base their conclusions on the p-value, attrib-
uting excessive weight to this statistical parameter, 
which should be analysed together with theoretical 
plausibility, mechanisms of action, study design, and 
implications in the real-world practice [32]. Even the 
5% cut-off point is being debated and a more rigid 
threshold of 0.5% is being proposed [33]. Statistical 
significance is influenced by several factors, such as 
the number of observation units, the statistical test 
used, and the method adopted [32, 33]. The simple 
observation of more periods with statistical significance 
does not determine the superiority of the alternative 
model compared with the conventional model because 
the former one involves more comparison groups, which 
should be interpreted as a bias. In other words, the su-
periority of the alternative model consists not in sta-
tistical significance, but in reducing the uncertainty 
about the occurrence of goals in futsal. Furthermore, 
the comparison of 8 periods may be problematic for 
small samples.

We emphasize that a model is an approximation of 
reality, and it is not appropriate to call it true or false. 
Since models are inaccurate by nature, we recommend 
the adoption of techniques that allow a comparison of 
different models, such as AIC and BIC. Among so many 

features, AIC and BIC are based on likelihood, can be 
applied in different sample sizes, serve to compare mul-
tiple models, and allow the researcher to have autono-
my in the choice that will be made, showing the best 
adjusted option (i.e., lower AIC and BIC values) [34].

Considering the statistical criteria adopted, the theo-
retical assumptions, and the practical importance of the 
results, we can affirm that the alternative model was 
better when compared with the conventional model.

Limitations

The present study analysed a single futsal season. 
Despite this, the results corroborate the current litera-
ture, indicating that our interpretations have external 
validity. Factors such as shots on goal, passes, and fouls 
were not considered and would allow a more accurate 
interpretation of match events. Goals scored after regu-
lation time were not taken into account in the study, 
but we believe that this limitation does not compro-
mise our conclusions since the overtime occurred only 
in the final matches of the season. Furthermore, we 
recommend that these goals should not be included 
in the final period of the game so that the prevalence 
of goals at the end of the match is not overestimated.

Conclusions

The alternative model, which divided the playing 
time into 5-minute periods, proved to be more reliable 
than the conventional model. We have demonstrated 
that the adoption of shorter periods allows a more de-
tailed description of goal occurrences, while the conven-
tional model has greater potential for producing mis-
leading conclusions. In addition, we proposed that the 
comparison of models should involve 3 criteria, such as 
theoretical validity, practical applications, and statis-
tical support, which can be used in future studies and 
in different sports.
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