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Abstract 

In contrast to simple performance indicators in the practical application of 
quantitative analysis in professional soccer, the inclusion of certain contextual 
elements can improve both the predictive quality and interpretability of these. 
Therefore, the Success-Score is intended to identify the factors relevant to success 
by linking ball control and space control. 

Position datasets from 14 games of the Bundesliga were used to calculate Success-
Scores for several interval lengths for the penalty area and the 30-meter-zone. The 
relative goalscoring frequency above resp. below the 80th percentile, the rank 
correlation in terms of goals scored pursuant to the sorting of the Success-Score as 
well as possible distinctions in the Success-Score between two teams of different 
quality were examined. 

Results revealed that interval lengths and the area under investigation largely affect 
the resulting Success-Score and its distribution. The Success-Score applied to the 
30-meter-zone seems preferable when analyzing goalscoring. Dependent on the 
target of analysis, methodological and theoretical considerations need to be 
balanced in a sweet spot of the interval length. 

KEYWORDS: KEY PERFORMANCE INDICATOR, BALL POSSESSION, DOMINANT 
REGIONS, FOOTBALL, EFFICIENCY.  
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Introduction 

Professional sport is one of the most competitive areas in our society. Soccer is no exception 
(Memmert, 2021). Every team wants to achieve the maximum. Hence, every little edge that can 
be gained is relevant. One of many directions in which this has led is Key Performance Indicators 
(KPIs) and quantitative match analysis more generally (Low et al., 2017; Memmert & Raabe, 
2018; Memmert et al., 2017). With KPIs researchers and practitioners attempt to pinpoint 
relevant factors that contribute to success (Schlenger et al., 2023). To this end complex behaviors 
or interactions are reduced to single values as in scales, ratings or rankings (Perl & Memmert, 
2017). This approach is not unique to soccer and has been applied in other sports as well (see 
also Basketball and Cricket: Dehesa et al., 2019; Petersen, 2017). Regardless of the success that 
several studies have had in linking match actions to success (Sarmento et al., 2014) the approach 
of using isolated KPIs has its drawbacks. This is the case not least in such complex and 
interactive sports as soccer (Perl & Memmert, 2018). To a large part, it comes down to the 
challenge of keeping relevant information and context while cutting down the information to the 
essential core (Mackenzie & Cushion, 2013; Rein & Memmert, 2016; Sarmento et al., 2014). As 
a consequence, KPIs based on more extensive contextual information have been developed 
(Lord et al., 2020). Nevertheless, KPIs require careful interpretation with consideration of the 
context and their limitations (Memmert & Rein, 2018). Including certain contextual elements in 
the analysis has been shown to enhance the predictive quality as well as interpretability of KPIs 
(Phatak et al., 2022). Despite these facts, a recent review showed that the majority of published 
articles on performance analysis in invasion sports including soccer focus on comparably plain 
KPIs (Lord et al., 2020). In addition, this trend was also found in a survey with practitioners who 
reported relying on event data and relatively simple KPIs more frequently than positional data 
and more complex KPIs (Herold et al., 2021; Memmert et al., 2017; Low et al. 2019).  

Ball possession is an element of the game that gets a lot of attention in performance analysis 
research and has done so for many years (Jones et al., 2004). It seems hardly possible to score 
goals without possession of the ball and hence it comes as no surprise that a lot of research has 
focused on the connection between ball possession and success. The evidence is mixed 
nonetheless. While higher-ranked teams are predominantly reported to have more time in 
possession of the ball than lower-ranked teams (Collet, 2013; H. Liu, Yi, et al., 2015; Vogelbein 
et al., 2014), results for match status and match outcome are mixed. Some researchers reported 
higher possession percentages in winning performances (Lago-Peñas et al., 2011; H. Liu, 
Gomez, et al., 2015), while others found no differences (Alves et al., 2019; H. Liu, Yi, et al., 
2015) or higher possession percentages in losing performances (Collet, 2013). As proposed 
before (Brinkjans et al., 2022; H. Liu et al., 2016), a possible explanation for these putative 
inconsistencies is the lack of distinction between within-team and between-team effects. 
Regardless of team quality or success, when losing all teams are somewhat forced to become 
more proactive, resulting in higher ball possession percentages (H. Liu et al., 2016; Mao et al., 
2016). Nevertheless, as a general trend, better teams tend to have more possession, most likely 
at least partially as the consequence of a strategic choice (Gollan et al., 2018; Kempe et al., 2014; 
Zhou et al., 2021). Furthermore, the complex nature of soccer is not to be forgotten in this context 
and is the reason why one simple parameter will always have limited predictive value regarding 
success (Memmert & Rein, 2018).  

Another common approach is to distinguish between different areas on the pitch. Tenga et al. 
(2010) found an extended penalty area of 30 meters to be an area in which possession is linked 
with the number of goals scored. Other researchers were able to link entries into the penalty area 
with winning performances (T. Liu et al., 2021; Ruiz-Ruiz et al., 2013). More generally, the 
offensive midfield area has been shown to be the most important area on the pitch for goalscoring 
(Caicedo-Parada et al., 2020). These results underpin the logical assumption that possession in 
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certain areas on the pitch is more valuable than in other areas in regards to goalscoring but do 
not clarify how this value might vary within the final third (e.g. penalty area).  

Despite these findings, nothing is gained by possession alone. Possession has to be utilized 
efficiently (Winter & Pfeiffer, 2016). One part of utilizing possession efficiently, though not 
dependent on possession in itself, is the concept of space control. These so-called dominant 
regions are estimated by a model and represent the area that a certain player can get to before 
any other player (Fujimura & Sugihara, 2005; Taki & Hasegawa, 2000). Space control has 
proven to be a useful concept (Rein et al., 2017; Rein & Memmert, 2016) and has been linked 
with goalscoring as well as the probability of winning (Rein et al., 2017). While space control is 
a valuable concept, it essentially lacks one key piece of information from an attacking 
perspective � ball possession. No matter how much space is controlled by an attacking team, 
they need to be in possession of the ball and subsequently need to get the ball into the right areas.  

With these facts in mind, a dynamic KPI based on the software tool SOCCER© by Jürgen Perl 
(for further information see: Perl et al., 2013; Perl & Memmert 2011) named Success-Score was 
developed by Perl & Memmert (2017). The Success-Score aims to bridge the gap left by simple 
KPIs by combining space control and ball possession in specific areas. The idea is that the 
combination of the two contributes to or even preconditions goalscoring (Brinkjans et al., 2022; 
Perl & Memmert, 2017; Memmert et al., 2021). The approach combines space control and ball 
possession over a certain interval for a predefined area. A previous study has validated the 
Success-Score for a 300-✁✂✄☎✆✝ ✞✆✟✂✠✡☛☞ ☛✆✝ ✟✌✂ ☛✠✂☛ ✍✞✟✌✞✆ ✎✏ ✑✂✟✂✠✁ ☎✒ ✟✌✂ ☎✓✓☎✆✂✆✟✔✁ ✕☎☛☞ ✖✗

establishing a link between the Success-Score based on said parameters and goalscoring as well 
as inter-team differences (Brinkjans et al., 2022). In the development of the Success-Score the 
authors noted that the optimal interval is dependent on the focus of the analysis but most likely 
lies somewhere between 100 and 600 seconds (Perl & Memmert, 2017). Logically, the interval 
length should affect the resulting Success-Score profiles. Longer intervals result in a smoothing 
of extreme scores since the resulting Success-Scores is an average for a larger number of scores. 
In contrast, shorter intervals should produce spikier Success-Score profiles. Besides these 
statistical considerations, the argument is that longer intervals would remove the dynamic of the 
KPI, while shorter intervals merely replicate the events of the match (Perl & Memmert, 2017). 
The chosen interval length inevitably interacts with the area of choice. The area of 30 meters 
tested in the previous investigation has proven a reasonable approach (Brinkjans et al., 2022). 
Nevertheless, one might argue that 16 meters (i.e. the penalty area) should be in closer relation 
to success and goalscoring as it is closer to the ultimate target � the goal. For the same reasons, 
the penalty area is usually a more severely defended area. Hence, instances of ball and space 
control are expected to be less frequent in the penalty box than within a 30-meter area for the 
attacking team. This inevitably affects the Success-Score distribution. Therefore, a comparison 
is warranted. Subsequently, this paper aims to compare different interval lengths as well as a 16-
meter-zone (i.e. penalty area) in addition to the previously used 30-meter-zone. It will be 
addressed whether (1) a sweet spot exists for the parameters resulting in an optimal version of 
the Success-Score and (2) whether this potential sweet spot varies depending on the aim of the 
analysis. 

Methods 

Success-Score 

The Success-Score combines space control and ball control. The idea was not to simply add up 
both parameters. Instead, additional expressiveness is created by constructing Success as the 
✓✠☎✝✘✄✟ ☎✒ ✙✒✒✞✄✞✂✆✄✗ ☛✆✝ ✙✒✒☎✠✟✚ ✛✌✂ ✑☎✝✂☞✔✁ ✝✂✒✞✆✞✟✞☎✆✁ ☎✒ ✙✒✒☎✠✟ ☛✆✝ ✙✒✒✞✄✞✂✆✄✗ ☛✠✂ ✖☛✁✂✝ ☎✆
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the well-accepted definitions of efficiency as the ratio of useful output (what we define as 
�✁✘✄✄✂✁✁✂✄ ☛✆✝ ✞✆✓✘✟ ☎✍✌☛✟ ✍✂ ✝✂✒✞✆✂ ☛✁ �✙✒✒☎✠✟✂✄ ✍✌✞✄✌ ✄☛✆ ✟✌✂✆ ✖✂ ✠✂✍✠✞✟✟✂✆ ☛✁ ✒☎☞☞☎✍✁✆ 
 Efficiency = Success / Effort    is equivalent to    Success = Efficiency * Effort (1)  

On the one hand, Effort was defined as the sum of occurrences of ball possession events (B) 
and/or space control rates above ✝✏✞ ☎✁✄ ✍✞✟✌✞✆ ☛ ✄✂✠✟☛✞✆ ✁✓☛✄✂ ✞✆ ✒✠☎✆✟ ☎✒ ✟✌✂ ☎✓✓☎✆✂✆✟✔✁ ✕☎☛☞✚

This represents the attempts made to achieve ball possession and space control within said area. 
On the other hand, Efficiency is defined as the correlation between the space control rate (SR) 
and ball control events (B). This is because both parameters on their own have limited value in 
the aim of creating goalscoring opportunities. But if they occur in combination, they do. 
Therefore, the stronger they correlate, the higher the efficiency. This led to the following 
equation for the Success-Score: 

 

✟✠✡✡☛☞☞✒✌✍✎✏✑✎✓ ✌✔✕✖✗ ✘ ✙✒✟✚✓ ✛✗✎✜✢✣✤✢✎✥✦✧ ★ ✩ ✪ ✫✟✒✌✗ ✬ ✛✒✌✗✭
✎✥✦✧

✎✮ ✎✜✢✣✤✢
✯ ✰ ✱✲ (2)  

For a detailed description of equation 2 check Perl & Memmert (2017). Based on this equation, 
the Success-Score should be highest if space control and ball possession values are high and 
highly correlated and lowest if ball possession and space control are rare and barely or even 
negatively correlated. While statistically possible, a systematic negative relationship between 
ball and space control and therefore a negative Efficiency are deemed practically implausible. 
On the grounds that a negative correlation between ball control and space control is practically 
no worse than no correlation at all, all negative Success-Scores are set equal to zero. 

The Success-Score is calculated for each second (tend✄ ☛✆✝ ✠✂✓✠✂✁✂✆✟✁ ✟✌✂ ✟✂☛✑✔✁ ✓✂✠✒☎✠✑☛✆✄✂ ✞✆

a given time interval prior to that second. If the time point t = 500 seconds (i.e. tend = 500) is 
☛✆☛☞✗✳✂✝✴ ☛✆✝ ✵✟ ✶ ✟end � tstart = 300 seconds, the Success-Score refers to the interval between the 
200th and the 500th second. By calculating one Success-Score for each of two opposing teams 
and moving tend one second at a time, a dynamic KPI in form of a Success-Score profile is 
☛✄✌✞✂✡✂✝✚ ✛✌✞✁ ✝✗✆☛✑✞✄ ✷✸✹ ✓☎✠✟✠☛✗✁ ✟✌✂ ✝✗✆☛✑✞✄ ✞✆✟✂✠☛✄✟✞☎✆ ☎✒ ✖☎✟✌ ✟✂☛✑✁✔ ☛✟✟☛✄✺✞✆✕
performance. 

Data 

The data analysis (link to all relevant scripts in the appendix) is an extension of the validation 
conducted with 300 seconds and 30 meters and uses the same data (Brinkjans et al., 2022). That 
data comprised 56 position datasets. 14 Bundesliga matches and hence 28 halftimes with one 
position dataset for each of the two teams were processed via SOCCER© (Perl et al., 2013; Perl 
& Memmert, 2011). These position data sets contained x- and y-coordinates for each player 
involved with a framerate of 1 Hz. The focus lay on two specific teams. Team A � a team with 
43% average ball possession and a final table position in the lower midrange of the 18 teams � 
represented a team with comparably little success and little ball possession. Team B � a team 
with 55% average ball possession that finished in the top 4 � represented a top team with a 
possession-heavy playing style. With the help of SOCCER© (Perl et al., 2013; Perl & Memmert, 
2011), Success-Scores were calculated at a frequency of 1Hz for a number of interval lengths 
for 16 meters and 30 meters. In a first step, an initial examination of several interval lengths 
(100, 150, 200, 300, 400 and 500 seconds) was conducted based on the recommended interval 
length of 100-600 seconds by Perl & Memmert (2017). The examinations left open questions 
regarding the effect of the interval length on the Success-Score outside the selected bounds. As 
a consequence, additional interval lengths were included (10, 25, 50, 750 1000, 1250 and 1500 
seconds). Irregularities in the distribution of the Success-Scores for 16 meters and 100 and 150 
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seconds as well as 30 meters and 200 and 300 seconds warranted the additional inclusion of the 
interval lengths 110, 120, 130 and 140 seconds for 16 meters and 225, 250 and 275 seconds for 
30 meters. The full analysis was therefore conducted on 16 datasets for 16 meters and 15 datasets 
for 30 meters. At this point, it needs to be clarified that the added interval lengths were not added 
expecting larger effects in regards to team strength and goalscoring and hence a practical value. 
Rather they were chosen to aid the interpretation of the interaction of the Success-Score and the 
interval length upon which it is based. 

For each goal scored in the included matches, the exact timecode was determined based on video 
data with the help of experts (ICC > .80). Thereby each goal was linked to one specific data 
point. The timecode was relocated back to the second that entailed the origin of the set-piece for 
goals scored from free-kicks and penalties. The intention was to avoid distortion of the Success-
Score by the play-unrelated movement of players between the time of the foul and the execution 
of the set-piece. Subsequently, with the same video data, goals were categorized based on 
whether the goal was scored from within or outside the penalty area. The two experts agreed to 
�✏✏✞ ✠✂✁✘☞✟✞✆✕ ✞✆ ☛ ✁☎✌✂✆✔✁ ✺☛✓✓☛ ☎✒ ✂ ✶ �✚ 
With the intention of analyzing the link between the Success-Score and goalscoring, each dataset 
was split into two groups based on the Success Score. All data points above resp. below the 80th 
percentile were scaled nominally (goal/no goal) and the relative goalscoring frequency was 
compared using the Chi-squared test of independence. For the Success-Scores based on 16 
meters only the goals scored from within that area were categorized as goals because there is no 
reason to assume a connection between goals scored from outside the penalty area and space and 
ball control within the penalty area. The Chi-squared test is an appropriate choice when 
comparing the proportions of categorical outcomes (Kirkwood et al., 2003). A priori, the 
significance level was set at 0.05 which is equivalent to a critical Chi-square value of 3.841 for 
the analysis of this data. In another step, each dataset was split into equally sized eighths after 
sorting the datasets by the Success-Score. The number of goals for each eighth was determined. 
Again, for the 16-meter-Success-Scores only those goals scored from within the box were 
categorized as goals. Those goals linked to a Success-Score that occurred in more than one of 
the eighths were divided based on the frequency of the relevant Success-Score in each of the 
✂✞✕✌✟✌✁ ☛✆✝ ✝✞✁✟✠✞✖✘✟✂✝ ☛✄✄☎✠✝✞✆✕☞✗✚ ✷✂✆✝☛☞☞✔✁ ✛☛✘-b rank correlation coefficient was utilized to 
determine whether the Success-✁✄☎✠✂ ✞✁ ☞✞✆✺✂✝ ✟☎ ✕☎☛☞✁✄☎✠✞✆✕ ✖☛✁✂✝ ☎✆ ✟✌✂✁✂ ✂✞✕✌✟✌✁✚ ✷✂✆✝☛☞☞✔✁

✟☛✘ ✍☛✁ ✝✂✂✑✂✝ ✁✘✓✂✠✞☎✠ ✟☎ ✁✓✂☛✠✑☛✆✔✁ ✠☛✆✺ ✄☎✠relation coefficient due to the small sample size 
and frequency of tied ranks (Field et al., 2012; Prematunga, 2012). 

Inter-team differences between Team A and Team B were tested with the Wilcoxon-Mann-
Whitney-U test due to the deviations from normality and the heterogeneity of variance for most 
of the datasets which were mainly caused by the large share of zero. The size of the effects was 
☛✁✁✂✁✁✂✝ ✖✗ ✝✞✡✞✝✞✆✕ ✄ ✖✗ ✟✌✂ ✓✠☎✝✘✄✟ ☎✒ ✟✌✂ ✁✞✳✂ ☎✒ ✖☎✟✌ ✟✂☛✑✁✔ ✝☛✟☛✁✂✟✁ ☎✞✚✂✚ ✟✌✂ ✁☛✑✓☞✂ ✁✞✳✂✁✄
representing the likelihood of a random data point from one team being higher than a random 
data point from the other team (Conroy, 2012). Due to the large number of individual data points, 
the test is largely overpowered. Hence, the calculated effect size will be the primary focus of 
interpretation. 

Results 

The distributions of the Success-Score differ largely between the datasets based on the chosen 
parameters (Table 1). The range, the standard deviation and the proportion of the dataset being 
zero decrease with an increase in interval length for both 16 and 30 meters. The mean and 
median increase with an increase in interval length at first but decrease for interval lengths 
above 300 seconds for both 16 and 30 meters. Across interval lengths, the proportion of zeros 
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is smaller for Success-Scores based on 30 meters. Furthermore, the mean, median, range and 
standard deviation are larger for 30-meter-Success-Scores.  

Table 1: Descriptive statistics for all datasets. 

 16 meters 30 meters 

Interval 
length (s) 

Range % 0 ✞☎ ✞✌ SD Range % 0 ✞☎ ✞✌ SD 

10 0 - 99 91.25% 2.28 0 9.12 0 - 99.8 79.91% 7.42 0 18.60 

25 0 - 94.2 81.88% 2.68 0 7.48 0 - 98.6 63.21% 9.67 0 17.59 

50 0 - 94.5 69.24% 2.94 0 6.24 0 - 97.9 44.26% 11.07 2.6 15.98 

100 0 - 68.8 48.55% 3.38 0.2 5.66 0 - 87 23.19% 12.16 8.1 13.67 

110 0 - 57 47.11% 3.03 0.4 4.72      

120 0 - 52.1 44.58% 3.02 0.7 4.55      

130 0 - 47.8 42.06% 3.01 0.9 4.39      

140 0 - 44.9 39.95% 2.99 1.1 4.25      

150 0 - 42.5 37.51% 2.99 1.3 4.12 0 - 84.5 14.67% 12.28 9.4 12.13 

200 0 - 36.2 28.36% 2.96 1.7 3.64 0 - 69.2 10.09% 12.39 9.9 11.11 

225      0 - 65.2 8.38% 12.40 10.1 10.65 

250      0 - 63.9 7.48% 12.37 10.3 10.27 

275      0 - 61.4 6.79% 12.34 10.4 9.93 

300 0 - 25.6 18.95% 2.86 2 3.05 0 - 58.1 6.21% 12.31 10.5 9.64 

400 0 - 20.2 14.22% 2.80 2.2 2.73 0 - 55.2 4.86% 12.18 10.6 8.85 

500 0 - 16.6 11.85% 2.73 2.2 2.52 0 - 51.2 4.48% 11.93 10.6 8.27 

750 0 - 13.9 9.28% 2.57 2.1 2.18 0 - 47.8 4.17% 11.37 10.5 7.50 

1000 0 - 11.7 8.69% 2.40 2.1 1.97 0 - 43.2 4.10% 10.84 10.1 7.14 

1250 0 - 9.6 8.62% 2.25 2 1.83 0 - 41 4.12% 10.21 9.6 6.88 

1500 0 - 9.4 8.50% 2.10 1.8 1.73 0 - 39.4 4.13% 9.59 9.1 6.65 

Note. %0: the percentage share of zero; ✞☎: mean; ✞✌: median; SD: standard deviation; all values are rounded to two
decimal places. 

 

The results of the correlation analysis can be found in Table 2. Due to the large number of tests, 
the family-wise error rate should be kept in mind. Therefore, the overall trend of the effect sizes 
should receive similar attention as the p-values. In general, a slight trend of more goals being 
scored at higher Success-Scores seems apparent in Tables 3 and 4. The rank correlation between 
the number of goals and the Success-Score was statistically significant for six of the 17 datasets 
for 16 meters. Although some medium-sized statistically non-significant effects were found for 
other datasets as well. The correlation coefficient shows a large variation across all interval 
lengths. Regardless, the correlation coefficients tend to be larger for small to medium interval 
lengths (up to 500 seconds). The datasets based on 30 meters show a different picture. From 10 
to 500 seconds in all but two datasets a statistically significant rank correlation was found. The 
two exceptions were just barely not significant at the 0.05 level. No statistically significant 
correlations were detected for the longer intervals. Large effects are found for all correlations up 
to the 500-second interval. 
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Table 2: Results of the rank order correlation and the chi-square test.  

 16 meters 30 meters 

Interval 
length (s) 

✁ p-value ✂� U80 O80 ✁ p-value ✂� U80 O80 

10 0.5 0.06 5.35* 25.42 13.58 0.7* 0.01 61.27* 15 30 

25 0.68* 0.02 2.37 27.36 11.64 0.71* 0.01 13.89* 26 19 

50 0.24 0.21 2.83 27 12 0.69* 0.01 5.00* 30 15 

100 0.33 0.13 8.31* 24 15 0.69* 0.01 6.81* 29 16 

110 0.62* 0.02 8.31* 24 15      

120 0.79* 0.00 6.14* 25 14      

130 0.76* 0.00 3.96* 26.23 12.77      

140 0.79* 0.00 1.64 28 11      

150 0.42 0.08 0.23 30 9 0.5 0.05 1.25 33 12 

200 0.4 0.09 4.33* 26 13 0.69* 0.01 5.00* 30 15 

225      0.84* 0.00 3.83 30.75 14.25 

250      0.74* 0.01 5.00* 30 15 

275      0.5 0.05 3.47 31 14 

300 0.14 0.36 0.10 32 7 0.62* 0.02 5.00* 30 15 

400 0.29 0.20 0.98 28.72 10.28 0.69* 0.01 3.94* 30.67 14.33 

500 0.64* 0.02 0.78 29 10 0.49* 0.05 5.25* 29.85 15.15 

750 0.43 0.09 1.46 28.18 10.82 0.44 0.07 5.00* 30 15 

1000 0.29 0.20 2.83 27 12 0.42 0.08 8.89* 28 17 

1250 0.25 0.19 1.64 28 11 0.11 0.35 8.45* 28.20 16.80 

1500 0.29 0.20 1.17 10.5 28.5 0.22 0.23 6.81* 16 29 

Note. ✁✄ ☎✆✝✞✟✠✠✡☛ ☞✟✌✍  ✂2: Chi-squared statistic; U80: goal count under the 80th percentile of Success-Scores; O80: 
goal count above the 80th percentile of Success-Scores; * indicates statistical significance at the level of p < 0.05; 
all values are rounded to two decimal places. 

 

The results of the team comparisons can be found in Tables 5a and 5b for the 16-meter-datasets 
and in Tables 6a and 6b for the 30-meter-datasets. Due to large sample sizes all differences 
between Team A and Team B as well as their respective opponents in the Success-Scores across 
all interval lengths for both 16 and 30 meters were found to be statistically significant. 
Statistically significantly higher Success-Scores were found for Team B than Team A and 
conversely, statistically significantly higher Success-✁✄☎✠✂✁ ✍✂✠✂ ✒☎✘✆✝ ✒☎✠ ✛✂☛✑ ✎✔✁ ☎✓✓☎✆✂✆✟✁

✟✌☛✆ ✒☎✠ ✛✂☛✑ ✏✔✁ ☎✓✓☎✆✂✆✟✁✚ However, the effect sizes differ depending on the interval length 
and the area under investigation. The difference between Team A and B was minimal at an 
interval length of 10 seconds for both 16 and 30 meters. The difference increased with the 
interval length for both areas. This rise seems to plateau around 1000 seconds for 16 meters and 
750 seconds for 30 meters. When comparing the effects for 16 and 30 meters, it is noticeable 
that the effects are larger for the 30-meter datasets with short intervals of up to around 300 
seconds. With longer intervals, the effects are larger for the 16-meter-datasets. Looking at the 
✝✞✒✒✂✠✂✆✄✂✁ ✖✂✟✍✂✂✆ ✟✌✂ ✟✍☎ ✟✂☛✑✁✔ ☎✓✓☎✆✂✆✟✁ ☎✆✂ ✄☛✆ ✁✂✂ ☛ ✑✞✠✠☎✠ ✞✑age of the previously 
described effects for the 16-meter-Success-Scores. The differences are minimal for the shortest 
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intervals but increase and plateau in a similar way at almost the same effect size. For the 30-
meter-Success-Scores the effects are smaller compared to the 16-meter-scores of opponents 
(Table 5b) as well as the equivalent analysis for Team A and B (Table 6a). The difference 
between the opponents increases with the interval length of only up to around 100 seconds. 
Subsequently, the effect actually decreases with any further increase in interval length. 

Table 3: Goal counts for the eight percentile groups (columns) of the 16-meter-datasets.  

Interval 
length (s) 

0-12.5 12.5-25 25-37.5 37.5-50 50-62.5 62.5-75 75-87.5 87.5-100 

10 3.97 3.97 3.97 3.97 3.97 3.97 3.97 11.19 

25 4.27 4.27 4.27 4.27 4.27 4.27 5.35 8.00 

50 4.33 4.33 4.33 4.33 4.33 4.34 2.00 11.00 

100 3.60 3.60 3.60 3.19 7.60 2.40 6.08 8.92 

110 3.71 3.71 3.71 3.86 6.00 3.00 7.00 8.00 

120 3.37 3.37 3.37 4.90 4.00 5.00 8.00 7.00 

130 2.38 2.38 2.38 6.23 5.63 5.00 7.00 8.00 

140 3.44 3.44 3.44 5.68 4.00 5.00 6.00 8.00 

150 3.33 3.33 3.33 7.00 1.90 6.10 6.00 8.00 

200 2.64 2.64 7.63 3.85 6.23 3.00 5.46 7.54 

300 2.64 2.36 8.18 5.82 1.00 9.00 6.00 4.00 

400 3.52 3.48 3.33 2.67 7.16 6.84 7.48 4.52 

500 3.00 3.36 4.64 4.00 7.16 5.84 5.00 6.00 

750 3.99 6.01 3.00 4.37 4.63 3.69 6.31 7.00 

1000 4.29 4.00 3.82 6.08 2.81 5.45 4.55 8.00 

1250 4.17 4.83 5.00 4.00 2.96 4.04 5.00 9.00 

1500 4.76 4.24 6.16 2.84 5.00 2.00 6.65 7.35 

Note. All values are rounded to two decimal places. 
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Interval 
length (s) 

0-12.5 12.5-25 25-37.5 37.5-50 50-62.5 62.5-75 75-87.5 87.5-100 

10 2.35 2.35 2.35 2.35 2.35 2.35 5.92 25.00 

25 2.77 2.77 2.77 2.77 2.77 8.16 13.00 10.00 

50 1.69 1.69 1.69 3.92 10.00 9.00 7.00 10.00 

100 2.69 2.72 2.59 5.00 8.00 5.00 6.00 13.00 

150 2.56 2.44 2.00 6.00 3.00 16.00 5.00 8.00 

200 1.00 3.00 3.00 5.00 9.00 7.00 11.00 6.00 

225 1.56 2.44 4.00 5.00 9.00 5.00 8.00 10.00 

250 1.00 3.00 4.00 7.00 9.00 5.00 7.00 9.00 

275 2.00 1.00 2.31 10.51 8.92 4.27 6.26 9.74 

300 2.00 2.00 4.00 6.00 10.23 3.77 8.00 9.00 

400 2.00 2.00 6.00 6.78 6.53 4.35 7.34 10.00 

500 2.00 5.00 4.00 8.00 5.00 2.00 8.00 11.00 

750 1.00 8.00 6.00 3.00 3.00 4.00 10.00 10.00 

1000 4.00 7.00 3.00 4.00 5.00 4.00 6.00 12.00 

1250 4.00 7.69 4.31 4.00 4.00 3.00 6.00 12.00 

1500 4.00 8.00 4.00 6.00 2.00 5.00 5.00 11.00 

Note. All values are rounded to two decimal places. 

 

  

Table 4: Goal count for the eight percentile groups (columns) of the 30-meter-datasets.  
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Interval 
length (s) 

n1 n2 ✞✌A ✞✌B U p-value ES 

 10 22381 22259 0 0 235458859 < .0001 0.4726 

25 22379 22258 0 0 219693605.5 < .0001 0.4411 

50 22382 22258 0 0 201685883 < .0001 0.4048 

100 22384 22258 0.1 2.1 207982848 < .0001 0.4174 

110 22383 22261 0 2.5 187975818.5 < .0001 0.3773 

120 22387 22260 0.1 2.8 186196683.5 < .0001 0.3736 

130 22387 22260 0.2 2.9 183172009 < .0001 0.3676 

140 22389 22264 0.3 2.9 181618274.5 < .0001 0.3644 

150 22389 22260 0.5 3 179557768 < .0001 0.3603 

200 22387 22264 1.1 3.6 171941100 < .0001 0.3450 

300 22390 22264 1.5 3.8 162722990 < .0001 0.3264 

400 22390 22264 1.8 3.7 155999167.5 < .0001 0.3129 

500 22390 22264 1.8 3.9 149445074 < .0001 0.2998 

750 22390 22264 1.7 3.8 135122115.5 < .0001 0.2711 

1000 22390 22264 1.6 3.6 129954128 < .0001 0.2607 

1250 22390 22264 1.6 3.3 132199992 < .0001 0.2652 

1500 22390 22264 1.4 3.2 132989335.5 < .0001 0.2668 

Note. n1 and n2: sample sizes for Team A and B; ✞✌A and ✞✌B: median for Team A and B; U: Mann-Whitney-U-
statistic; ES: effect size; effect sizes are rounded to 4 decimal places.  

  

Table 5a: The Mann-Whitney-U-statistics, associated p-value and the resulting effect size for the 16-meter-datasets 
for Team A and B.  
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Table 5b: The Mann-Whitney-U-statistics, associated p-value and the resulting effect size for the 16-meter-datasets 
�✁✂ ✄✆✟☎ ✆ ✟✝✞ ✝✡☛ ✁✞✞✁✝✆✝☞☛✟  

Interval 
length (s) 

n1 n2 ✞✌A ✞✌B U p-value ES 

 10 22381 22259 0 0 256496560.5 < .0001 0.5149 

25 22379 22258 0 0 264933614.5 < .0001 0.5319 

50 22382 22258 0 0 279399692 < .0001 0.5608 

100 22384 22258 0.7 0 312760721 < .0001 0.6278 

110 22383 22261 0.2 0 299203178.5 < .0001 0.6005 

120 22387 22260 0.6 0 303141411.5 < .0001 0.6083 

130 22387 22260 0.9 0 307968401.5 < .0001 0.6180 

140 22389 22264 1.1 0 310020279 < .0001 0.6219 

150 22389 22260 1.3 0 312747914.5 < .0001 0.6275 

200 22387 22264 1.7 0.5 314507234.5 < .0001 0.6310 

300 22390 22264 2.3 0.75 325308164.5 < .0001 0.6526 

400 22390 22264 2.6 1.1 335265538 < .0001 0.6726 

500 22390 22264 2.6 1.1 343385795.5 < .0001 0.6889 

750 22390 22264 2.5 1 361136907.5 < .0001 0.7245 

1000 22390 22264 2.4 1 370368819 < .0001 0.7430 

1250 22390 22264 2.3 1.1 370372840 < .0001 0.7430 

1500 22390 22264 2.1 1 368054734.5 < .0001 0.7383 

Note. n1 and n2✄ ☛✟☎✞✠✆ ☛✠✡✆☛ �✁✂ ✄✆✟☎ ✆ ✟✝✞ ✝✡☛ ✁✞✞✁✝✆✝☞☛; ✞✌A and ✞✌B: median for ✄✆✟☎ ✆ ✟✝✞ ✝✡☛ ✁✞✞✁✝✆✝☞☛; 
U: Mann-Whitney-U-statistic; ES: effect size; effect sizes are rounded to 4 decimal places. 
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Table 6a: The Mann-Whitney-U-statistics, associated p-value and the resulting effect size for the 30-meter-datasets 
for Team A and B.  

Interval length 
(s) 

n1 n2 ✞✌A ✞✌B U p-value ES 

10 22379 22258 0 0 228470397 < .0001 0.4587 

25 22382 22261 0 0 211022019.5 < .0001 0.4235 

50 22381 22260 1.2 9 200530388.5 < .0001 0.4025 

100 22379 22260 6.8 14.6 182372806.5 < .0001 0.3661 

150 22385 22264 8.3 15.3 176427698.5 < .0001 0.3540 

200 22387 22263 8.8 16.4 167265618.5 < .0001 0.3356 

225 22390 22263 9.3 16.3 164460075.5 < .0001 0.3299 

250 22390 22264 9.6 16.2 164479886 < .0001 0.3300 

275 22389 22264 9.5 16 164664897 < .0001 0.3303 

300 22390 22264 9.3 15.8 164520592 < .0001 0.3300 

400 22390 22264 9.4 15.5 161016723.5 < .0001 0.3230 

500 22390 22264 9.2 15.7 156802454 < .0001 0.3146 

750 22390 22264 9.5 15.4 154298128.5 < .0001 0.3095 

1000 22390 22264 9.6 14.8 157194257.5 < .0001 0.3153 

1250 22390 22264 9.3 14.4 158331322.5 < .0001 0.3176 

1500 22390 22264 8.5 13.8 159807602 < .0001 0.3206 

Note. n1 and n2: sample sizes for Team A and B; ✞✌A and ✞✌B: median for Team A and B; U: Mann-Whitney-U-
statistic; ES: effect size; effect sizes are rounded to 4 decimal places. 
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Table 6b: The Mann-Whitney-U-statistics, associated p-value and the resulting effect size for the 30-meter-datasets 
�✁✂ ✄✆✟☎ ✆ ✟✝✞ ✝✡☛ ✁✞✞✁✝✆✝☞☛✟  

Interval length 
(s) 

n1 n2 ✞✌A ✞✌B U p-value ES 

10 22379 22258 0 0 266909308.5 < .0001 0.5358 

25 22382 22261 0 0 281343537 < .0001 0.5647 

50 22381 22260 1.2 9 295791812 < .0001 0.5937 

100 22379 22260 6.8 14.6 304471080 < .0001 0.6112 

150 22385 22264 8.3 15.3 300419618.5 < .0001 0.6028 

200 22387 22263 8.8 16.4 293843607 < .0001 0.5896 

225 22390 22263 9.3 16.3 291697191.5 < .0001 0.5852 

250 22390 22264 9.6 16.2 290862643 < .0001 0.5835 

275 22389 22264 9.5 16 290824134.5 < .0001 0.5834 

300 22390 22264 9.3 15.8 290497977 < .0001 0.5828 

400 22390 22264 9.4 15.5 287269838 < .0001 0.5763 

500 22390 22264 9.2 15.7 287687913.5 < .0001 0.5771 

750 22390 22264 9.5 15.4 290099600 < .0001 0.5820 

1000 22390 22264 9.6 14.8 288569645.5 < .0001 0.5789 

1250 22390 22264 9.3 14.4 287246446 < .0001 0.5762 

1500 22390 22264 8.5 13.8 281469719 < .0001 0.5646 

Note. n1 and n2✄ ☛✟☎✞✠✆ ☛✠✡✆☛ �✁✂ ✄✆✟☎ ✆ ✟✝✞ ✝✡☛ ✁✞✞✁✝✆✝☞☛; ✞✌A and ✞✌B: median for ✄✆✟☎ ✆ ✟✝✞ ✝✡☛ ✁✞✞✁✝✆✝☞☛; 
U: Mann-Whitney-U-statistic; ES: effect size; effect sizes are rounded to 4 decimal places. 

Discussion 

As expected based on theoretical and methodological considerations beforehand, the interval 
length, as well as the area used to calculate the Success-Score, both largely affect the resulting 
Success-Score distribution (Perl & Memmert, 2017; Memmert & Raabe, 2018). Shorter intervals 
for both 16 and 30 meters result in values that range from zero to almost the maximum (100). 
The shorter the interval (i.e. fewer data points) the more probable a very high to perfect 
correlation between space control and ball control becomes. Additionally, with shorter intervals, 
extreme scores are less likely to be averaged with lower scores. On the flip side, this also results 
in a relatively large share of Success-Scores equaling zero. Logically, there are seconds where 
no Effort is produced by the attacking team (i.e. the team has space control of less than 20% and 
no ball control in the analyzed area). 

And the shorter the interval the more likely it is to consist of zeros exclusively. Conversely, with 
increasing interval length the share of zeros in the Success-Score-distribution decreases, as does 
the range itself. Perhaps less self-explanatory is the observation that mean and median increase 
with the interval length up to a certain point where the trend is reversed. For longer intervals, the 
reduction in the Success-Score range is caused by the increase in the number of data points that 
are being averaged. The initial increase, however, most likely results from the steep decline in 
the frequency of zeros which is overcompensating the reduction in the Success-Score range. 
Logically, the median is smaller than the mean due to the overrepresentation of zeros in all 
distributions. The Success-Scores showed larger values in mean and maximum across all interval 
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lengths when calculated for the final-30-meter-zone. This reflects the nature of the game. For 
one, the penalty area is smaller than the 30-meter-zone (which includes the penalty area). 
Subsequently less occurrences of ball control in that area are to be expected. For another, 
defending teams are assumed to be less willing to concede space and ball control within their 
own box owing to the proximity to their goal. Overall, the interval length and the chosen area 
had the expected effects on the resulting Success-Score and its distribution. These shall now be 
considered in the interpretation of the results. 

Goalscoring 

16m  

Only six out of 17 datasets for the 16-meter-Success-Score revealed a statistically significant 
rank correlation between the Success-Score and goalscoring. Of these, four were in the range of 
110-140 seconds ✍✌✞✄✌ ✍✂✠✂ ✞✆✄☞✘✝✂✝ ✒☎✠ ☛✝✝✞✟✞☎✆☛☞ ✂�☛✑✞✆☛✟✞☎✆ ☎✒ ✟✌✂ ✝✞✁✟✠✞✖✘✟✞☎✆✁✔

characteristics and are expected to be relatively similar due to the small differences in interval 
length. In contrast to the large effect sizes of those four, the effect sizes for the datasets based on 
100 and 150 seconds were small despite the minimal difference in interval length. In general and 
in these cases, the effects are clearly dependent on singular goals which on their own can change 
the resulting statistic drastically (Tables 2 and 3). Considering the influence of chance on 
goalscoring, the variable results are therefore somewhat consequential (Wunderlich et al., 2021). 
The shorter intervals are clearly impacted by the large number of zeros which cause multiple 
groups to consist of zeros exclusively resulting in tied ranks which make an effect less likely. 
Overall, there appears to be a trend of more goals being scored with higher Success-Scores 
nonetheless. The chi-✁✁✘☛✠✂✝ ✁✟☛✟✞✁✟✞✄✁ ✞✆ ✄☎✆✟✠☛✁✟ ✟☎ ✷✂✆✝☛☞☞✔✁ ✛☛✘ ✁✌☎✘ld be less affected by 
the share of zeros since grouping is only conducted based on the 80th percentile. Again, the 
relative goalscoring frequency is higher with higher Success-Scores across all datasets, yet 
statistical significance is only found for six of the shorter interval lengths. The results vary 
considerably across interval lengths but it seems to be clear that the link between goalscoring 
and the Success-Score is smallest when the Success-Score is based on long intervals. In 
conclusion, no clear link between the Success-Score in the penalty area and goalscoring can be 
deducted from the results of this study. This comes as a surprise when considering that the 
penalty area was hypothesized to be a particularly relevant area for goalscoring based on the 
established connection to match outcome and goalscoring (Liu et al., 2021; Ruiz-Ruiz et al., 
2013) in combination with the strong relationship between goalscoring and the Success-Score 
based on 300 seconds and 30 meters (Brinkjans et al., 2022). Despite the limited relation found, 
it appeared to be strongest for interval lengths below 200 seconds. These findings fit with the 
notion that shorter intervals might reflect short phases and events of immediate attacking danger 
better, while longer intervals might smooth out these events. 
Looking closely at Table 3, one could argue that part of the reason for the weak relation is the 
fact many goals are scored in the midrange of the respective Success-Score. Consequently, it is 
questionable whether more space control in the penalty area is always proportionally better. 
Conceivably, a certain amount of space (in combination with ball control) is needed to create a 
decent goalscoring opportunity. More space might increase the time available to players but is 
not necessarily the main determinant for the quality of the opportunity. Looking at the highest 
Success-Scores one might assume that these in contrast represent the situation of unusual 
✒✠✂✂✝☎✑ ✞✆ ✟✌✂ ☎✓✓☎✆✂✆✟✔✁ ✖☎� ☎✑☎✠✂ ☎✠ ☞✂✁✁ ✒✠✂✂ ☎✆ ✕☎☛☞✄ ☛✆✝ ✟✌✂✠✂✒☎✠✂ ✁✌☎✍ another increase 
in relative goalscoring frequency. Considering the ambiguity of the results, this just represents 
one possible explanation. Any interpretation should consider that the Success-Score does not 
distinguish different areas of the penalty area and hence a certain variability in the relation with 
goalscoring is inevitable. 
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30m  

The same applies to the 30-meter-zone. Nevertheless, only two out of twelve datasets up to the 
500-second-interval did not result in a statistically significant rank correlation between the 
Success-Score and the number of goals scored. Taking into account that these two showed a 
medium to large effect that is almost statistically significant, it is reasonable to conclude that 
there is a strong relationship between goalscoring and the Success-Score in the 30-meter-zone 
based on short to medium intervals. While this effect decreases in the rank correlation for 
intervals longer than 500 seconds, it remains strong for the comparison of the relative scoring 
frequency below and above the 80th percentile of the Success-Score. In fact, chi-squared statistics 
are found to be largest for the short and long intervals, while the effects are smaller in the 
midrange (150-400 seconds). This could be considered surprising at least with regard to the long 
intervals. These were hypothesized to smooth out short events, thereby favoring elevated levels 
of Success-Scores that span longer time periods (i.e. dominance). The extreme effects found for 
the two shortest intervals confirm that short intervals largely replicate the events. The data under 
the 80th percentile is almost entirely made up of zeros in those cases. Zeros are most likely to 
result from no Efforts occurring during the interval. It follows that a team is very unlikely to 
score a goal if it controls no space and has no ball control in the last 30 meters ten seconds prior 
to the time point of interest. However, a certain probability is left due to the ways a goal can be 
scored regardless of a Success-Score of zero: On the one hand, ball control cannot be determined 
perfectly with position data only, when players of two teams are in close proximity to the ball. 
Therefore passes, especially crosses (e.g. free kicks) from outside the 30-meter-zone might result 
in a (headed) goal without an event of ball control being detected. On the other hand, while rare, 
negative or zero-correlations between ball and space control can on occasion cause the zero-
Success-Score and are more probable within shorter intervals. Nevertheless, the shortest 
intervals appear to be a strong proxy of goalscoring and might be useful as such but reveal little 
information about the contextual factors contributing to goalscoring. Overall, interval lengths 
between 100 and 400 seconds for the 30-meter-zone seem to be the most suitable in the analysis 
of goalscoring. The advantage of the 30-meter-zone is the more frequent occurrence of Efforts 
leading to more space for variability and hence for a distinction between goal and no goal. 
Presumably, the penalty area is still more relevant for goalscoring than the 30-meter-zone but 
the frequency of zeros prevents effects from being detectable. Only with increasing interval 
lengths do zeros become less dominant. Theoretically, we would expect the link between the 
Success-Score and goalscoring to decrease due to the large amount of situation-unrelated 
datapoints being included in each interval. These two factors appear to have opposing effects. 
Thus, a sweet spot in goalscoring analysis depends on a good balance between these two factors. 
Within this sample, no sweet spot was detectable for the Success-Score for the penalty area. For 
the 30-meter-zone an interval length of 100-400 seconds appears to be the optimum. Because of 
the methodological limitations, the 30-meter-zone seems to be the better choice when analyzing 
goalscoring even if purely theoretical consideration based on the nature of the game might 
suggest otherwise.  

Inter-team-differences 

16m 

Based on the previous findings, such as the evidenced relevance of the penalty area (Liu et al., 
2021; Ruiz-Ruiz et al., 2013) and the distinction between Team A and B by the Success-Score 
based on 300 seconds and 30 meters (Brinkjans et al., 2022), inter-term-differences were 
expected to be apparent in Success-Score for the penalty area. These expectations were 
confirmed by this analysis primarily via the observed differences. The significance of the 
difference is only of secondary relevance as the sample size can be considered the primary driver 
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of the significance in this case. The general trend of an increasing difference between the two 
Teams, as well as their opponents in longer intervals, can be explained by two main reasons. 
First, the Mann-Whitney-U-test does not compare means or medians but rather the probability 
of a value from one group being larger than one from the other (Conroy, 2012). Hence, the large 
number of zeros in the short intervals leads to a lot of ties and therefore the maximum detectable 
difference between the teams is smaller. Second, in addition, it could be the case that Success-
Scores based on longer intervals are more closely related to team quality, perhaps because they 
represent dominance more accurately and reduce the influence of one-off-events that might favor 
teams of lower quality or a less dominant playing style in general. At this point such an effect, 
if present, cannot be separated from the impact caused by the zeros, and in its entiretiy is in no 
way proven by these results since only two teams were compared. Nevertheless, the plateau in 
the inter-team-differences (Table 5a and 5b) coincides quite clearly with the diminishing 
decrease in the number of zeros (Table 1). This indicates that the increase in inter-team 
difference is primarily caused by the decreasing number of zeros or at least, that intervals above 
1000 seconds are not inherently (apart from the resulting distribution) better to distinguish 
between teams, than the 1000-second interval, regardless of whatever might be reflected by these 
differences. Consequently, there is no certainty about which interval length inherently has the 
strongest link to team identity. At this point, it is important to note that even with a decrease in 
the number of zeros, the test can only reveal a difference if there is one in the non-zero values. 
Simultaneously, it should be kept in mind that the zeros do not represent some kind of artifact 
but rather a meaningful Success-Score which, if present in both teams, reflects an actual non-
difference. The crucial point is that the frequency of the Success-Scores of zero depends on the 
parameters used to construct the Success-Score. 

✛✌✂ ✒☛✄✟ ✟✌☛✟ ✟✌✂ ✝✞✒✒✂✠✂✆✄✂✁ ✖✂✟✍✂✂✆ ✟✌✂ ✟✍☎ ✟✂☛✑✁✔ ☎✓✓☎✆✂✆✟✁ ✄☞☎✁✂☞✗ ✑✞✠✠☎✠ ✟✌☎✁✂ ☎✒ ✟✌✂ ✟✍☎

teams themselves hints at the interactive nature of the Success-Scores, which appears to be the 
case across all interval lengths. The dynamic of the Success-Score entails that this 
interdependency is synchronized. That means when one team has a high Success-Score chances 
are that the opponents have a low Success-Score around that same time. With longer intervals, 
this synchrony inevitably fades away until the Success-Score ends up representing only an 
☎✡✂✠☛☞☞ ✑✂☛✆ ✒☎✠ ✖☎✟✌ ✟✂☛✑✁✔ ✓✂✠✒☎✠✑☛✆✄✂✁ ✞✆ ✟✌☛✟ ✌☛☞✒✚ ✙✡✂✆ ✞✒ ✁✘✄✌ ☛ ✁✄☎✠✂ ✍☎✘☞✝ ✁✌☎✍

differences between teams of different quality, it would still lack the dynamic representation of 
✖☎✟✌ ✟✂☛✑✁✔ ✞✆✟✂✠☛✄✟✞☎✆ ✍✌✞✄✌ ✞✁ ☎✆✂ ☎✒ ✟✌✂ ✑☛✞✆ ✁✟✠✂✆✕✟✌✁ ☎✒ ✟✌✂ ✁✘✄✄✂✁✁-Score. Therefore, a 
compromise, a sweet spot, must be found once again between the impact that the frequency of 
zeros has and the loss of dynamic. Then such a Success-Score for the penalty area, as indicated 
by this analysis, will be higher for better teams that play more dominantly and can be used for 
team comparisons.  

30m 

While there are a lot of similarities regarding inter-team differences between the penalty area 
and the 30-meter-zone, there are also some important differences. As expected, the Success-
Score in the 30-meter-zone differs between the two teams across interval lengths. This is 
consistent with studies highlighting the importance of the final third (Caicedo-Parada et al., 
2020; Tenga et al., 2010) as well as the first validation of the Success-Score (Brinkjans et al., 
2022). The difference between Team A and B is minimal though significant for the shortest 
interval and increases up to an interval length of around 200 seconds. The first major difference 
is the stagnation of differences above 200 seconds. The earlier start of the plateau can be 
explained by the share of zeros once again. The share continues shrinking for longer intervals 
than 200 seconds, but only by a few percentage points, resulting in little increase of the potential 
maximum difference between Teams A and B. The absence of a relevant increase in the effect 
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size for interval lengths between 200 and 1500 seconds, paired with the slight decrease of the 
zero-share, could be interpreted as an indication that shorter intervals are inherently better suited 
to distinguish teams when looking at the 30-meter-zone. However, in consideration of the 
variability in the data, this interpretation seems a bit far-fetched. Perhaps most interestingly, 
when the influence of the zero-share is minimized, the differences in the 30-meter-zone are 
considerably smaller than in the penalty area (cf. Table 5a and 6a). The subsequent conclusion 
is that the penalty area is more relevant in the distinction of teams. Considering that some 
defending teams might willingly concede control over some areas within the 30-meter-zone at 
some times but not in their box, Success-Scores within the penalty area are expected to be harder 
to achieve. Moreover, there is arguably more variability in the value of subspaces within the last 
30 meters than in the penalty area (i.e. more areas of lower attacking value). Consequently, the 
penalty area can be expected to be more closely linked to team quality. Therefore, the results are 
in accordance with previous findings indicating the relevance of the penalty area (Liu et al., 
2021; Ruiz-Ruiz et al., 2013) even though these studies found a connection to match outcome 
and goalscoring rather than team quality. Another major difference to the penalty-area data can 
be found in the comparison of the opponents. In the case of the 30-meter-zone, they do not mirror 
the results of the comparison between Team A and B. In fact, the overall differences are smaller 
and peak at an interval length of 100 seconds. For intervals longer than 100 seconds the 
difference between the two teams decreases slightly. This strengthens the discussed 
interpretation that the intervals of shorter length (here ca. 100 seconds) might be more closely 
related to team quality. One could argue that the shorter the intervals are the more frequently a 
team needs to achieve some sort of Success in the analyzed area to minimize the amount of very 
small or even zero Success-Scores At this point, the authors consider neither this nor any other 
theoretical (football-related) or methodological (statistical) explanation for shorter intervals to 
more accurately represent team quality fully convincing. On the contrary, the opposite was 
expected as shorter intervals more closely represent individual situations which tend to disappear 
with longer intervals. Evidently, the results allow no clear conclusion about the optimal interval 
length for the Success-Score in the 30-meter-zone when it comes to team comparisons. 

Overall, the findings indicate that the Success-Score can be used to distinguish between teams. 
This was indicated by this specific comparison between two teams of different quality. It does 
not follow that team quality differences are the reason for these differences in Success-Scores. 
In fact, the differences in Success-Scores could be down to any number of differences between 
the two teams, most notably playing style (Castellano & Pic, 2019). Rather the result highlight, 
the vast influence of interval length and area analyzed on the Success-Score and associated 
analyses. The Success-Score for the penalty area shows larger differences between the two teams 
but is limited by larger numbers of zero at shorter interval lengths. Considering that it would be 
ill -advised to discard the interactive nature of the Success-Score by choosing extremely long 
intervals, interval lengths within the previously suggested limits (Perl & Memmert, 2017) are 
preferable. When comparing the two areas in this range, one can see that they show similar inter-
team differences at an interval length of 300 seconds. For the 30-meter-zone interval lengths 
between 100 and 300 seconds might be optimal. In contrast, for the penalty area, interval lengths 
of 300 seconds or more are advisable. 

In the development of any KPI, its simplicity is essential and has to be balanced with the 
inclusion of relevant factors. In the case of the Success-Score, this applies to several factors. 
Space control is computed without accounting for offside. This means that players who are 
offside and are therefore not allowed to receive the ball from a teammate still contribute to their 
✟✂☛✑✁✔ ✄☎✆✟✠☎☞☞✂✝ spaces. A detailed discussion of the relevance of spaces controlled by players 
behind the offside line, as these are allowed to receive the ball indirectly, is beyond the scope of 
this article. An additional segmentation of the investigated area could be justified in light of the 
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fact that subsections in those areas inevitably vary in their value. While such factors would 
undoubtedly add valuable information to the model, they would increase complexity 
considerably, making interpretation more complex. Moreover, new limitations would inevitably 
☛✠✞✁✂✚ ✛✌✂ ✡☛☞✘✂ ☎✒ ✁✓☛✄✂✁ ✑✞✕✌✟ ✝✞✒✒✂✠ ✝✂✓✂✆✝✞✆✕ ☎✆ ☛ ✟✂☛✑✔✁ ✟☛✄✟✞✄✁ ☛✆✝ ✁☎ ✑✞✕✌✟ ✟✌✂ ✡☛☞✘✂ ☎✒

spaces controlled by players that are offside. Furthermore, space control models incorporating 
player kinematics could improve the performance of the Success-Score and could be considered 
as potential improvements in the future (Caetano et al., 2021; Fernandez & Bornn, 2018; Martens 
et al., 2021; Spearman et al., 2017). When working with the Success-Score, awareness of the 
limitations resulting from position data is required. As described earlier, ball control cannot be 
determined accurately if players of both teams are in close proximity to the ball. Furthermore, 
while more representative than the phase between its origin and execution, the Success-Score 
prior to a set-piece is not necessarily perfectly representative for the execution of the set-piece. 
Future investigations of the Success-Score should strive to analyze larger datasets including a 
more variable selection of teams and a larger number of goals to account for the influence of 
chance. Moreover, future analyses should cover different leagues and competitions to assess the 
universatility of the Success-Score. Simultaneously, a larger number of teams should be 
included, showing different combinations of playing style, team quality and other characteristics 
to ensure that effects can be attributed accurately to either playing style or quality. Although the 
term team quality was used in this study frequently, it needs to be emphasized once again, that 
the two teams compared differ in playing style, success, and a theoretically infinite number of 
✄✌☛✠☛✄✟✂✠✞✁✟✞✄✁✚ ✛✌✂✠✂✒☎✠✂✴ ☛✆✗ ✝✞✒✒✂✠✂✆✄✂✁ ✒☎✘✆✝ ✖✂✟✍✂✂✆ ✟✌✂ ✟✍☎ ✟✂☛✑✁✔ ✁✘✄✄✂✁✁-Scores cannot 
be attributed to any one of their characteristics specifically. 

Conclusion 

In its entirety, this study confirmed that the Success-Score is related to goalscoring. This was 
true across different interval lengths and for both the penalty area and the 30-meter-zone. As 
hypothesized, the optimal interval length (sweet spot) depends on the interaction of statistical 
and theoretical considerations. Longer intervals minimize some of the methodological 
limitations but disturb the dynamic character of the Success-Score. Inter-team differences are 
best represented by Success-Scores for interval lengths of 300-500 seconds for the penalty area. 
If the main interest is goalscoring or attacking prowess, the 30-meter-zone is preferable and an 
interval length between 100 and 400 seconds is appropriate. If both goalscoring and team-
differences are relevant, the results suggest that a Success-Score for the 30-meter-zone with an 
interval length of about 300 seconds is the best compromise. 
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Appendix 

Link to all relevant scripts for the analysis: https://github.com/DavidB1999/SOCCER22 

 


