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Abstract

　The purpose of this study was to develop the useful statistical data indexes to 
evaluate the team performance of attack and defense during handball match. The 
subject of analysis in this study were 216 matches of Japan Handball League in 2017-
2018 and 2018-2019 seasons and 145 matches of Handball-Bundesliga in 2018-2019 
season. We calculated the ratio of goal, free throw, turnover against the possessions 
to make an index of expected goal （xG）， expected received free throw （xRTF） and 
expected turnover （xTO） in attack phase. Similar, expected opposing goal （xL）， 
expected taken free throw （xTTF） and expected opposing turnover （OppxTO） 
were calculated in defense phase. Also, shot efficiency （%G） and opposing shot 
efficiency （%L） were calculated. As a results of multiple regression analysis, we 
found that %G, xTO and xRTF in attack phase and %L, OppxTO and xTFT in 
defense phase were important variables to evaluate the team performance. In 
conclusion, %G, xRTF and xTO in the attack phase and %L, xTTF and OppxTO in 
the defense phase are important indexes for evaluating the team performance and 
these are very useful statistical indexes for real-time analysis during the match.
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Introduction

Match analysis of sports can help coach decisions and improve team performance. It is very 
important to use reliable performance indicators for match analysis. In previous study, we calculated 
the ratio （xG） of number of goal scores against the number of possessions as an attack index and 
the ratio （xL） of number of opposing goal scores against the number of opposing possessions as a 
defense index （Ichimura et al. 2017）．The required values of the xG and xL to qualify the 
preliminary round in men's world handball competitions was calculated using ROC curve analysis. 



ICHIMURA・MORIGUCHI・SHIMOKAWA・TOYODA・HERMASSI・FUKUDA2

Therefore, we believe that xG and xL are very powerful indexes for evaluating the team 
performance of attack and defense. However, xG and xL cannot clarify the details of their team 
performance because xG and xL include all attacking and defense information such as turnover and 
shot efficiency.

Thus, we have to search the more detailed indexes to evaluate the more detailed team 
performance. Thus, the purpose of this study was to develop the useful statistical data indexes to 
evaluate the team performance of attack and defense during handball match, based on terminate of 
attack or defense phase.

Methods

Data collection
The subject of analysis in this study were all matches （216 matches） of Japan Handball League 

（JHL） in two seasons of 2017-2018 and 2018-2019 and 145 matches of all matches （306 matches） of 
Handball-Bundesliga （HBL） in 2018-2019 season.

The flowchart of how to terminate 
of attack was shown in figure 1. 
Based on figure 1, the we counted 

“Possess ion”， “Shot”， “Goal”， 
“Assist play”， “Turnover”， “Free 
throw”， “2 minutes suspension” 
during attack phase on each team.
And, in this study, we made the 
attack and defense indexes based on 
terminate of attack or defense. 
Using these variables, we calculated 
the ratio of shot, goal, assist play, 
free throw, turn over and 2 minutes 
suspension against the possessions 
to make an index of expected 
shooting play （xS）， expected goal 

（xG）， exp ected received free 
throw （xRTF）， expected turnover 

（xTO）， expected taken 2minutes 
suspension （x2M） during attack 
phase. And shot efficiency （%G） and 
assist efficiency （%AST） also was 
calculated. Similarly, we made the 
defending index during opposing Figure 1　The flowchart of how to terminate of attack phase
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possession. Expected opposing shooting play （OppxS）， expected opposing goal （xL）， expected turn 
over （OppxTO）， expected free throw （xTTF）， expected 2minutes suspension （Opp x2M） were 
calculated during attack phase. And opposing shot efficiency （%L） and opposing assist efficiency 

（Opp%AST） also was calculated.

Data analysis
In order to confirm whether or not the created indexes are a useful index, a multiple regression 

analysis was performed using the xRFT, xTO, x7M, %G and %AST as an explanatory variable and 
goal score as an objective variable. Similarly, multiple regression analysis was performed for the 
defense index （opposing goal score, xTFT, OppxTO, Oppx7M, %L and Opp%AST）．

We categorized using cluster analysis using selected variables to determine whether the indexes 
selected by multiple regression analysis affect team performance in each national league. We also 
classified the attack and defense index into 5 levels of “Excellent”， “Good”， “Average”， “Poor” and 

“Terrible” using 68-95-99.7 rules from data of average and standard deviation to evaluate the team 
performance.

Results & Discussion

Indexes of attack and defense phases
Table 1 was shown the average value of indexes of attack and defense for each team in JHL and 

table 2 was shown these in HBL. In JHL, there were significant differences in the values of xG and 
%G of attack indexes and xL and %L of defense indexes between the upper team and the bottom 

Table 1　Attack and defense parameter of Japan Handball Leaguge in 2017-2018 and 2018-2019
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team in the final ranking. In HBL, the values of xG and %G was significant larger in upper team 
than in bottom team in the final ranking. In defense, SG the value of xL of Flensburg-Handewitt was 
smaller than that of bottom teams but there was not differences in the value of %L among teams.

In each league, required xG and xL for the final ranking to become the top 4 teams were analyzed 
using ROC analysis. In the JHL, required value of xG was greater than or equal to 0.466 and that of 
xL was less than or equal to 0.476. In HBL, required value of xG was greater than or equal to 0.545 
and that of xL was less than or equal to 0.508.

These xG or xL indicate the ratio of the number of goal scores or opposing goal scores against 
number of attacking or defense possessions, and are very powerful indexes for evaluating team 
performance. However, xG and xL cannot clarify the details of their team performance because xG 
and xL include all attacking and defense information such as turnover and shot success rate. Thus, 
we have to search the more detailed indexes to evaluate the more detailed team performance.

Table 2　Attack and defense parameter of Handball-Bundesliga in 2018-2019
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Search for useful attack and defense indexes for real time-match analysis
As a result of correlation analysis between the attack index and the defensive index, very high 

correlation coefficient was observed between xG and %G and between xS and xTO. From the these 
results, these variables were considered to have multicollinearity. Thus, xG and xS were excluded 
from the variables for multiple regression analysis. In this study, we performed the multiple 
regression analysis to search the useful attack and defense indexes for real-time match analysis.

As a results of multiple regression analysis with attack indexes as an explanatory variables and 
goal score as an objective variable, the multiple regression coefficient were 0.814 and 0.617 in attack 
indexes in JHL and HBL, respectively. These results were statistically significant value （p<0.01）．
The standardized partial regression coefficient from each explanatory variable to the objective 
variable were as shown in Table 3. This result was shown that the influence on the goal score were 
in the order of %G, xTO, xRTF in attack phase. The results in defense phase were also similar. 
Therefore, we made the prediction formula as follows;
JHL
　　　　Goal = 44.889 x （%G） − 28.306 x （xTO） − 5.941 x （xRTF） + 7.462
HBL
　　　　Goal = 33.571 x （%G） − 24.467 x （xTO） − 9.677 x （xRTF） + 12.248

These formula also demonstrated that the impact of each index on the goal or opposing goal score. 
We found that %G has positive effect and xTO and xRTF has negative effect on the goal scores in 
attack phase. Thus, a high shooting efficiency leaded to high goal scores and the turnovers by 
offense ball lost, offense fouls, and/or intercepts leaded to be lower the goal scores. Interestingly, 
stopped the attack by a minor foul of an opponent defense player caused a low goal score. Thus, it is 
possible to perform simple and sufficient match analysis by counting the number of possessions, 
goals, turnovers, and free throws at each team's attack.

These three indexes for attack and defense are included in xG and xL, respectively （Figure 1）．
In other words, xG demonstrates the ability of the whole attack, %G demonstrates the goal ability, 
xTO demonstrates the ability to finish the attack with a shooting play, and xRTF demonstrates the 
ability to be able to continue the attacking behavior without being obstructed by the opposing 
defense. In defense, xL demonstrates the ability of the whole defense, %L demonstrates the to 
prevent the opposing goal ability, OppxTO demonstrates the ability to be finished the attack without 

Table 3　Results of multiple regression analysis Table 4　Classification into 5 levels of indexes of attack and defense
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a shoot ing play against opposing 
offense, and xTTF demonstrates the 
ability to be able to stop the attacking 
behavior by the defender.

Match analysis using variables selected 
in multiple regression analysis

We performed cluster analysis in 
each league using useful indexes 
calculated by multiple regression 
analysis in attack and defense phase to 
clarify team performance. In JHL and 
HBL, each team could be classified into 
4 clusters in both of attack and defense 
phases （Table 1, Table 2）．From this 
result, the team's performance can be 
objectively evaluated not only by the 
match ou t come bu t a l s o by the 
performance of both attack and defense.

We also classified the useful indexe s 
of attack and defense phase into 5 levels 

（Excel lent , Good , Average , Poor , 
Terrible） using 68-95-99.7 rules from 
data of average and standard deviation 
to evaluate the team abilities. Table 4 
was shown the results of classifying the 
value of %G, xTO and xRFT in attack 
phase and that of %L, OppxTO and 
xTFT in defense phase into 5 levels. 
We can perform not only the static 
match analysis but also the dynamic 
analysis （real-time match analysis） 
using this method. Table 5 was shown 
the results of the September 13th 2018 
ma t ch be tween TSV Hannover -
Burgdorf （HAN） and Fu¨chse Berlin 

（BER）．The value of xRTF was “good” 
in HAN, “average-good” in BER, that of 
xTO was “average-poor” in HAN, 

Table 5　�The value of 3 indexes at match of TSV Hannover-
Burgdor vs Füchse Berlin on 13th Sep in 2018

Figure 2　dynamic analysis of xTO, xRTF and %G
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“poor” in BER, and that of %G was “average-good” in HAN and “good” in BER. From this result, 
this match can be analyzed as follows. In this match, HAN’s attack could be continued without 
being stopped by the opponent defense player, and the attack could terminate by a shooting play, 
compared to BER. However, the shot efficiency of HAN was lower than that of BER although shot 
efficiency was high level in both of team. Thus, the shot efficiency of BER was superior in this 
match. This superior shot efficiency of BER is considered to be a factor to win in this match. In 
addition, it is thought that an acquisition of the offense rebound greatly affected the outcome of this 
match because the number of possessions in BER was five times higher than HAN.

In addition, we can easily understand the status of the team performance on the own team and 
the opponent team during the match in real-time by using these indexes. For example, figure 2 was 
shown the results of dynamic analysis of each index data.

Conclusion

In this study, we was to develop the useful statistical data indexes to evaluate the team 
performance of attack and defense during handball match, based on terminate of attack or defense 
phase. Therefore, We demonstrated that %G, xTO and xRTF on attack phase and %L, OppxTO and 
xTFT on defense phase are important and strong indexes in order to conduct a more detailed match 
analysis. %G has a positive effect and xTO and xRTF have a negative effect on the goal scores in 
attack phase. %L has a negative effect and OppxTO and xTFT has positive effect on the opposing 
goal scores.
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