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ABSTRACT 

The purpose of this thesis was to investigate the offensive performance of elite handball teams 

when considering handball as a complex non-linear dynamical system. The time-dependent 

dynamic approach was adopted to assess teams’ performance during the game. The overall 

sample comprised the 240 games played in the season 2011-2012 of men’s Spanish 

Professional Handball League (ASOBAL League). In the subsequent analyses, only close 

games (final goal-difference ≤ 5; n = 142) were considered. Match status, game location, 

quality of opposition, and game period situational variables were incorporated into the 

analysis. Three studies composed the core of the thesis. In the first study, we analyzed the 

game-scoring coordination between the time series representing the scoring processes of the 

two opposing teams throughout the game. Autocorrelation, cross-correlation, double moving 

average, and Hilbert transform were used for analysis. The scoring processes of the teams 

presented a high consistency across all the games as well as strong in-phase modes of 

coordination in all the game contexts. The only differences were found when controlling for 

the game period. The coordination in the scoring processes of the teams was significantly 

lower for the 1
st
 and 2

nd
 period (0–10 min and 10–20 min), showing a clear increasing 

coordination behavior as the game progressed. This suggests that the first 20 minutes are 

those that break the game-scoring. In the second study, we analyzed the temporal effects 

(immediate effect, short-term effect, and medium-term effect) of team timeouts on teams’ 

scoring performance. Multiple linear regression models were used for the analysis. The results 

showed increments of 0.59, 1.40 and 1.85 goals for the periods within the first, third and fifth 

timeout ball possessions for the teams that requested the timeout. Conversely, significant 

negative effects on goals scored were found for the opponent teams, with decrements of 0.59, 

1.43 and 2.04 goals for the same periods, respectively. The influence of situational variables 

on the scoring performance was only registered in certain game periods. Finally, in the third 
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study, we analyzed the players’ exclusions temporal effects on teams’ scoring performance, 

for the teams that suffer the exclusion (numerical inferiority) and for the opponents 

(numerical superiority). Multiple linear regression models were used for the analysis. The 

results showed significant negative effects on the number of goals scored for the teams with 

one less player, with decrements of 0.25, 0.40, 0.61, 0.62, and 0.57 goals for the periods 

within the previous and post one, two, three, four and five minutes of play. For the opponent 

teams, the results showed positive effects, with increments of the same magnitude in the same 

game periods. This trend was not affected by match status, game location, quality of 

opposition, or game period. The scoring increments were smaller than might be expected 

from a 2-minute numerical playing superiority. Psychological theories such as choking under 

pressure situations where good performance is expected could contribute to explain this 

finding. The final chapters of the thesis enumerate the main conclusions and underline the 

main practical applications that arise from the three studies. Lastly, limitations and future 

research directions are described. 

Keywords: complex dynamical systems, dynamic analysis, match analysis, scoring 

performance, handball, timeouts, exclusions, situational variables, time series, relative phase, 

Hilbert transform, multiple linear regression. 
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RESUMEN 

El propósito de esta tesis fue estudiar el rendimiento ofensivo de los equipos de balonmano de 

élite cuando se considera el balonmano como un sistema dinámico complejo no lineal. La 

perspectiva de análisis dinámica dependiente del tiempo fue adoptada para evaluar el 

rendimiento de los equipos durante el partido. La muestra general comprendió los 240 

partidos jugados en la temporada 2011-2012 de la liga profesional masculina de balonmano 

de España (Liga ASOBAL). En el análisis posterior solo se consideraron los partidos 

ajustados (diferencia final de goles ≤ 5; n = 142). El estado del marcador, la localización del 

partido, el nivel de los oponentes y el periodo de juego fueron incorporados al análisis como 

variables situacionales. Tres estudios compusieron el núcleo de la tesis. En el primer estudio, 

analizamos la coordinación entre las series temporales que representan el proceso goleador a 

lo largo del partido de cada uno de los dos equipos que se enfrentan. Autocorrelaciones, 

correlaciones cruzadas, doble media móvil y transformada de Hilbert fueron usadas para el 

análisis. El proceso goleador de los equipos presentó una alta consistencia a lo largo de todos 

los partidos, así como fuertes modos de coordinación en fase en todos los contextos de juego. 

Las únicas diferencias se encontraron en relación al periodo de juego. La coordinación en los 

procesos goleadores de los equipos fue significativamente menor en el 1
er

 y 2º periodo (0–10 

min y 10–20 min), mostrando una clara coordinación creciente a medida que el partido 

avanzaba. Esto sugiere que son los 20 primeros minutos aquellos que rompen los partidos. En 

el segundo estudio, analizamos los efectos temporales (efecto inmediato, a corto y a medio 

plazo) de los tiempos muertos en el rendimiento goleador de los equipos. Modelos de 

regresión lineal múltiple fueron empleados para el análisis. Los resultados mostraron 

incrementos de 0.59, 1.40 y 1.85 goles para los periodos que comprenden la primera, tercera y 

quinta posesión de los equipos que pidieron el tiempo muerto. Inversamente, se encontraron 

efectos significativamente negativos para los equipos rivales, con decrementos de 0.50, 1.43 y 
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2.05 goles en los mismos periodos respectivamente. La influencia de las variables 

situacionales solo se registró en ciertos periodos de juego. Finalmente, en el tercer estudio, 

analizamos los efectos temporales de las exclusiones de los jugadores sobre el rendimiento 

goleador de los equipos, tanto para los equipos que sufren la exclusión (inferioridad 

numérica) como para los rivales (superioridad numérica). Se emplearon modelos de regresión 

lineal múltiple para el análisis. Los resultados mostraron efectos negativos significativos en el 

número de goles marcados por los equipos con un jugador menos, con decrementos de 0.25, 

0.40, 0.61, 0.62 y 0.57 goles para los periodos que comprenden el primer, segundo, tercer, 

cuarto y quinto minutos previos y posteriores a la exclusión. Para los rivales, los resultados 

mostraron efectos positivos significativos, con incrementos de la misma magnitud en los 

mismos periodos. Esta tendencia no se vio afectada por el estado del marcador, localización 

del partido, nivel de los oponentes o periodo de juego. Los incrementos goleadores fueron 

menores de lo que se podría esperar de una superioridad numérica de 2 minutos. Diferentes 

teorías psicológicas como la paralización ante situaciones de presión donde se espera un gran 

rendimiento pueden ayudar a explicar este hecho. Los últimos capítulos de la tesis enumeran 

las conclusiones principales y presentan diferentes aplicaciones prácticas que surgen de los 

tres estudios. Por último, se presentan las limitaciones y futuras líneas de investigación.  

Palabras clave: sistemas dinámicos complejos, análisis dinámico, análisis de partidos, 

rendimiento goleador, balonmano, tiempos muertos, exclusiones, variables situacionales, 

series temporales, fase relativa, transformada de Hilbert, regresión lineal múltiple. 
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 Adopting the dynamical systems theory has become a viable framework for notational 

analysis of team sports, which can be conceptualized as complex non-linear dynamical 

systems in a constant state of flux due to the continuous interactions between players and 

teams (Glazier, 2010). Hence, addressing the time dimension is fundamental to investigate 

these continuous interactions that evolve over time when modeling team sports performance. 

In this sense, the relatively new dynamic perspective takes into account the time parameter 

(i.e., the game goes on) when assessing players’ and teams’ performance during the game; 

thus, very useful information relative to the unfolding of game play can be obtained when 

considering this time-dependent analysis approach (Gréhaigne & Godbout, 2013). 

Furthermore, the dynamic approach enables to study the temporal effects of the game actions 

(i.e., short-, medium- or long-term effects) as well as the influence of critical events of the 

game in subsequent performance. However, existing literature in handball match analysis 

from the dynamic approach is very scarce in comparison with the classic static perspective 

(Volossovitch, 2013) 

 Within this context, the initial research efforts focused on conducting a solid literature 

review on handball research. This work was divided into two stages. In the first stage, we 

performed a bibliometric review of the scientific production in handball with the aim of 

identifying the most active research disciplines and future possible research directions. In the 

second stage, we conducted a systematic review of the scientific literature on handball match 

analysis in order to identify potential research areas for future work in this specific area of 

expertise. Against this background, the dynamic time-dependent perspective was identified as 

the most attractive for further research on handball match analysis.  

 In particular, three potential areas to be investigated under this dynamic complexity 

approach were detected: (i) to examine handball teams’ game-scoring coordination; (ii) to 
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study the effects of team timeouts on teams’ scoring performance; and (iii) to study the effects 

of exclusions on teams’ scoring performance. Furthermore, handball close games (those 

where the two opposing teams perform at a very similar level, hence ending with a small final 

goal-difference) represent an interesting and scarce explored field of study (Meletakos & 

Bayos, 2010; Oliveira, Gómez, & Sampaio, 2012). Moreover, with the aim of examining the 

potential influence of the different game situational conditions on players’ and teams’ 

performance (Carling, Williams, & Reilly, 2005; Gómez, Lago-Peñas, & Pollard, 2013), 

match status, game location, quality of opposition, game period, and their potential interactive 

effects were incorporated into the analysis. 

 The analysis of the scoring processes coordination of the teams, together with the 

potential temporal effects that team timeouts and exclusions may have on the scoring 

performance of the teams during close games led to the following three studies that constitute 

the core of the present thesis: (study 1) Game-scoring coordination in elite handball close 

games; (study 2) Team timeouts effects on the teams’ scoring performance in elite handball 

close games; and, (study 3) Players’ exclusions effects on the teams’ scoring performance in 

elite handball close games. The overall sample of the thesis comprised the 240 games played 

in the season 2011-2012 of men’s Spanish Professional Handball League (ASOBAL League). 

 Having made this brief introduction to the subject of study, we summarize the contents 

of the different chapters of the thesis. The second chapter (divided into five subsections) 

presents the background information for this thesis. It begins with a general bibliometric 

analysis of the scientific production in handball, continues with a more detailed systematic 

review of the scientific literature on handball match analysis from the static to the dynamic 

analysis perspective, and ends with a specific background analysis for each of the three 

studies that constitute the core of the present thesis. 
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 The third chapter presents the aims and hypotheses of the three studies that compose 

the core of this thesis and is divided into three subsections, one for each study. The chapter 4 

presents the specific subsamples, procedures and statistical analysis of the three studies (one 

subsection per study). The chapter 5 presents the results of the three studies (one subsection 

per study). The chapter 6 presents specific discussion for the three studies (one subsection per 

study). This chapter answers the hypotheses posed in each study, comparing our findings with 

previous research and suggesting how to interpret the obtained results. In the chapter 7 we 

enumerate the main conclusions of the three studies (one subsection per study). The chapter 8 

presents the main practical applications that arise from the three studies (one subsection per 

study). Finally, in the chapter 9 we present the main limitations of the thesis, together with 

general and specific future research directions. The chapter 10 contains all the references.  
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 The following section presents the background information for this thesis and is 

divided into the following five subsections: 

2.1. A bibliometric review of the scientific production in handball. 

2.2. From a static to a dynamic perspective in handball match analysis: a systematic 

review. 

2.3. Background study 1: Game-scoring coordination in elite handball close games. 

2.4. Background study 2: Team timeouts effects on the teams’ scoring performance in 

elite handball close games. 

2.5. Background study 3: Players’ exclusions effects on the teams’ scoring 

performance in elite handball close games. 
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2.1. A bibliometric review of the scientific production in handball  

2.1.1. Introduction 

 Bibliometric studies have become a useful tool to evaluate the scientific production of 

research institutions and countries in an international context, and to identify developing or 

regressing areas of research. The results of such studies can be used as indicators of scientific 

productivity, trends, emphasis of research in various disciplines, and of researchers’ 

preferences for publication outputs (Jacobs, 2001). A bibliometric study can be based on any 

sufficiently large publication list compiled and issued. The vast specialized or 

multidisciplinary databases are the most reliable sources for conducting rigorous bibliometric 

analyses (e.g. Academic Search, ProQuest, Scopus, Science Direct). In particular, the 

databases of the Institute for Scientific Information (ISI), now Thomson Reuters ISI 

(Philadelphia, PA, USA), have become the most generally accepted basic source for 

bibliometric studies (Glänzel, 2003). Thomson Reuters ISI contains databases covering 

thousands of academic journals in six major subject areas: Chemistry; Physics, Engineering & 

Mathematics; Medicine; Life Sciences; Social Sciences; and Arts & Humanities (McVeigh, 

2004). All of these are available online via Thomson Reuters ISI Web of Knowledge database 

service. 

 Handball is one of the most popular team sports (Clanton & Dwight, 1997). It is 

played in 183 countries, especially in the European area, there are 19 million players and 

795,000 teams worldwide (International Handball Federation, 2009). This great 

popularization of handball has been in line with an apparent significant increase in the number 

of related scientific publications. However, the non-existence of any published bibliometric 

study regarding scientific production in handball makes it difficult to prove this point. 

Applied to a particular scientific field, bibliometric analysis of publication activity provides a 
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useful tool for evaluating the temporal evolution and nature of the research on a specific topic 

and for tracing the emergence of new disciplines, and thus increasing knowledge (Russell & 

Rousseau, 2002). Therefore, performing a bibliometric study on handball may provide 

researchers with useful indicators about trends of publication, and baseline information for 

identifying the most active research disciplines, as well as the topics of greatest interest and 

future potential research directions. Furthermore, the study might provide useful information 

about the major journals chosen by researchers in the field to publish, and the most prolific 

authors and countries.  

 Within this context, the aim of the present study was to provide a bibliometric review 

of the scientific production in handball. The main objectives of the study were to (i) 

characterize the publications by document type and language; (ii) to show the annual trend of 

published articles and the average number of authors per article; (iii) to identify the most 

active research disciplines and topics; (iv) to present the recent trend of publication in the 

most active research disciplines; and (v) to identify the most active journals, authors and 

countries in handball research. 

2.1.2. Material and methods 

Data source  

 Data was collected from the Thomson Reuters ISI Web of Knowledge database 

service, selecting the databases of the Web of Science (which offers access to six 

comprehensive citation databases: Science Citation Index Expanded, Social Sciences Citation 

Index, Arts & Humanities Citation Index, Conference Proceedings Citation Index, Index 

Chemicus and Current Chemical Reactions) and the U.S. National Library of Medicine 

premier life sciences database MEDLINE. The study was conducted for the period 1900 – 
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2012. The Web of Science provides backfiles available to 1900. MEDLINE provides 

backfiles to 1950.  

Search strategy 

 All the records that contained the word “handball” in the title, abstract, author 

keywords, or keywords plus (i.e., index terms created by Thomson Reuters in which the terms 

are derived from the titles of articles cited by the author of the article being indexed, which 

augments traditional key word or title retrieval) were compiled for analysis into a single 

database, using the web-based reference management software package RefWorks (ProQuest 

LLC, MD, USA). A total of 1,286 records were downloaded: 841 from the Web of Science, 

and 445 from MEDLINE. Duplicated records (104) were removed, for a total of 1,182 

publications under study.  

Bibliometric analysis 

 The subsequent bibliometric analysis considered the following variables: document 

types and languages, annual trend of published articles, average number of authors per article, 

research disciplines and topics, trends of publication in the most active research disciplines, 

major journals, author productivity, and country distribution of publications. 

Document type 

 In a first step, the type of document of all the 1,182 publications was analyzed. It was 

considered the document type categorization offered by the Web of Science and MEDLINE 

databases (i.e., journal article, proceeding paper, review, case report, meeting abstract, book 

chapter, editorial material, etc.). Following the methodology established in other bibliometric 

studies, further analysis was restricted to journal articles (Börner, Chen, & Boyack, 2003; Liu, 

Zhan, Hong, Niu, & Liu, 2012). Articles as products of research are published in academic 
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journals only after undergoing a peer review process (usually anonymous) by experts in the 

field. Thus, their contributions have been previously evaluated according to internationally 

agreed standards of experimental method, reproducibility and significance (Darch & 

Underwood, 2005). From among the 1,182 publications compiled, 1,054 were journal articles. 

 Next, each of the 1,054 journal articles was analyzed separately, selecting for 

investigation only the papers focused mainly on handball, with a specific interest recognizable 

after reading the title and the abstract. Articles that may have some application in handball, 

but focused on other topics were not considered. In doubtful cases, the full text of the article 

was read. After this process, 373 articles were considered as papers focused mainly on 

handball. All the further analysis was restricted to these 373 articles.  

Language of publication 

 The language of publication of each article was extracted from the records 

downloaded from the Web of Science and MEDLINE databases. In this respect, it is 

important to highlight that the language of publication of research articles do not always 

coincide with the language of publication of the journals in which they are published. In fact, 

there are journals that publish articles in more than one language. 

Annual trend of published articles 

 In order to analyze the evolution in the annual trend of publication in handball studies, 

and, therefore, establish whether handball is, or not, a research area with a growing scientific 

interest, the total number of published articles per year was calculated. 

 

 



Background 

11 

 

Average number of authors per article 

 In order to analyze the evolution in the degree of collaboration between authors in 

handball research, the average number of authors per article was calculated for each year (i.e., 

the total number of published articles in a year, divided by the total number of authors signing 

in all those articles). 

Research disciplines and topics 

 The 373 studied articles were distributed among the 22 research disciplines identified 

by Devís-Devís, Valenciano, Villamón, and Pérez-Samaniego (2010) in the field of physical 

activity and sport science (i.e., sports medicine, physiology, psychology, biomechanics, sport 

training theory, anthropometry, psychomotricity, sociology, kinesiology, nutrition, etc.). This 

distribution was conducted through visual inspection, after reading the title and the abstract of 

each paper. In doubtful cases, the full text of the article was read. After, a more detailed study 

of the specific research topic of each article was conducted, following also the categorization 

of the 42 main research topics in the field of physical activity and sport science given by 

Devís-Devís et al. (2010) (i.e., injuries, physical capacities and conditions, sport technique, 

physiological variables measurement, psychological interventions, performance and success 

variables, diet and nutrition intakes, etc.). As with the research disciplines, each article was 

distributed into a specific research topic after reading the title and the abstract. Likewise, in 

doubtful cases, the full text of the article was read. To our knowledge, the categorization 

given by Devís-Devís et al. (2010) is the only existing that establishes which are the different 

research disciplines and topics in the field of physical activity and sport science.  

 

 



Background 

12 

 

Trend of publication in the most active research disciplines 

 In order to identify developing or regressing research disciplines, the number of 

published articles per year in the last two decades (1990 – 2012) in the most active research 

disciplines was calculated. 

Major journals 

 In order to identify the most productive journals, the total number of Published 

Articles (PA) by each journal was considered. Next, the number of citations received by each 

of the articles published by each of the journals was summed, obtaining a Total Citation 

Count (TCC) that determines the most cited journals in handball research. Moreover, the 

Average Number of Citations (ANC) received by the journals for each of the articles focused 

on handball they have published was calculated (i.e., ANC = TCC / PA). This ANC may 

constitute a useful indicator for researchers to find out which are the top considered journals 

in handball research. The number of citations received by each article was extracted from the 

ISI Web of Knowledge database service, which counts the times an article is cited in the ISI 

Web of Knowledge indexed publications. Finally, the Impact Factor (IF) of each journal was 

gathered, according to the Journal Citation Reports (JCR) values in 2011. The annual JCR IF 

of a journal is calculated by dividing the number of current year citations to the source items 

published in that journal during the previous two years. JCR IF is considered to be a critical 

journal performance metric, as it reflects the citation activity for journal articles, allowing the 

journals to be ranked among journals of similar subject (Mc Veigh, 2004).  

Author productivity 

 In order to identify the most prolific authors in handball research, all the authors that 

contributed to the 373 articles under study were recorded. Next, the total number of Published 



Background 

13 

 

Articles (PA) in which each author signed was counted. Moreover, in order to distinguish 

between leading authors and collaborating authors,  the number of articles in which an author 

signed as first author (if any), and the number of articles in which they signed as collaborating 

author (if any) was evaluated and counted. The first author’s name identified the leading 

author of each article, as usual in social science research publications, particularly in the field 

of sport science and medicine. The rest of authors writing an article (if any) were considered 

collaborating authors. 

Country distribution of publications 

 As with other bibliometric studies (Ugolini et al., 2012), the first author’s country 

identified the country of origin of each article. Publications conducted in England, Northern 

Ireland, Scotland, and Wales were grouped into publications from the United Kingdom (UK), 

as usual in worldwide bibliometric studies. 

2.1.3. Results 

Document type 

 The document type of all the publications under study is presented in Figure 2.1.1. 

Peer-reviewed journal articles (n = 1,054) were the leading type of publication, representing 

89.17% of the references under analysis, followed far behind by proceeding papers (n = 53; 

4.48%), reviews (n = 36; 3.05%), meeting abstracts (n = 24; 2.03%), editorial material (n = 4; 

0.34%), notes (n = 3; 0,25%), correction (n = 2; 0.17%), letter (n = 2; 0.17%), news item (n = 

2; 0.17%), book chapter (n = 1; 0.08%), and  book review (n = 1; 0.08%). 
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Figure 2.1.1. Total number of publications by document type 

Language of publication 

 With respect to the language of publication (Figure 2.1.2), 84.99% of the 373 studied 

articles were written in English (n = 317), high above the other publication languages, which 

were German (n = 14 articles; 3.75% out of the total), Spanish (n = 9; 2.41%), French (n = 7; 

1.88%), Portuguese (n = 6; 1.61%), Japanese (n = 4; 1.07%), Italian (n = 2; 0.54%), Croatian 

(n = 2; 0.54%), Czech (n = 2; 0.54%), Danish (n = 2; 0.54%), Norwegian (n = 2; 0.54%), 

Swedish (n = 2; 0.54%), Chinese (n = 1; 0,27%), Polish (n = 1; 0.27%), Romanian (n = 1; 

0.27%), and Serbian (n = 1; 0.27%).  

 
Figure 2.1.2. Total number of published articles by language of publication 
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Annual trend of published articles 

 The annual trend of published articles is presented in Figure 2.1.3. The first article 

published in handball research was Hemodynamic characteristics of athletes who play 

competitive handball and volley-ball (Georgescu & Dobreanu-Enescu, 1961). From this year 

to 1995 the number of published articles remained in very low figures, with less than 5 

articles per year, and several years with no published articles. It is remarkable the 4-year 

period between 1971 and 1975 in which nothing was published. Since 1996 there was a 

gradual increase in the number of articles, with some years in which the production declined 

(1999, 2000, 2004 and 2006), but a clear ascending global trend, increasing from 6 articles 

published in 1996 to 40 articles in 2012. This trend of publication shows a solid development 

in handball research, especially since 2010, as the number of published articles almost 

doubled those from previous years (from 22, 23 and 23 articles in 2007, 2008 and 2009, to 42, 

40 and 40 in 2010, 2011 and 2012 respectively).  

 
Figure 2.1.3. Number of published articles per year during 1960 – 2012 
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Average number of authors per article  

 The average number of authors per article, along with the linear trend line which best 

adjusted to these data is presented in Figure 2.1.4. There was an important increase in the 

average number of authors contributing to articles, from 2.63 authors per article in the period 

1961 – 1995 to 3.81 in the period 1996 – 2012. The R-squared value of the linear trend line 

was 0.4736. This figure was significantly affected by those years in which no articles were 

published. In any case, this shows a major degree of collaboration in handball studies over 

time, especially in recent years. 

 
Figure 2.1.4. Average number of authors per article during 1960 – 2012 

Research disciplines 

 The distribution of the articles in the most productive research disciplines is presented 

in Figure 2.1.5. The six disciplines with the greatest volume of published articles were sports 
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medicine (n = 135 articles; 36.19% of the total), sport training theory (n = 71; 19.03%), 

physiology (n = 40; 10.72%), psychology (n = 36; 9.65%), anthropometry (n = 30; 8.04%), 

and biomechanics (n = 26; 6.97%). These top-6 research disciplines accounted for 90.62% of 

the studied articles. The 9.38% of remaining articles were distributed among the following 

disciplines: physical education and sport theory (n = 9; 2.41%), engineering (n = 6; 1.61%), 

sociology (n = 6; 1.61%), nutrition (n = 5; 1.34%), kinesiology (n = 4; 1.07%), 

psychomotricity (n = 4; 1.07%), and history (n = 1; 0.27%).  

 
Figure 2.1.5. Total number of published articles by research discipline 

Research topics 

 The distribution of the articles in the most productive research topics is presented in 

Figure 2.1.6. The main research topic was injuries, with 99 published articles (26.54% of the 

total), followed by physical capacities and conditions (n = 67 articles; 17.96% of the total), 

physiological variables measurement (n = 48; 12.87%), performance and success variables (n 

= 23; 6.17%), sport technique (n = 22; 5.90%), body composition and somatotype (n = 15; 

4.02%), and motivation (n = 15; 4.02%). These top-7 research topics accounted for 77.48% of 
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the articles. The 22.52% of remaining articles were mainly distributed among the following 

research topics: psychological interventions (n = 12; 3.22%), physiological responses and 

adaptations to exercise (n = 9; 2.41%), visual capacity in sport (n = 8; 2.14%), media training 

(n = 7; 1.88%), and physical-sport culture (n = 6; 1.61%).  

 
Figure 2.1.6. Total number of published articles by research topic 

Trend of publication in the most active research disciplines 

 The annual evolution in the number of published articles since 1990 in the most active 

research disciplines is presented in Figure 2.1.7. Articles published in the discipline of sports 

medicine occupy the first position in almost every year of this period, a trend that continues. 

There was a significant increase in the category of sport training theory since 2008, being the 

discipline with the higher number of published articles in 2008, 2009, 2010, and 2011. 

Likewise, in recent years, there was a remarkable annual growth in the publication of articles 
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in the disciplines of anthropometry and biomechanics, which had very few publications until 

the beginning of the 2000s.  

 
Figure 2.1.7. Number of published articles per year in most active research disciplines during 1990 – 2012 

Major journals 

 A total of 140 journals published the 373 articles under analysis. The 10 most active 

journals in handball research are presented in Table 2.1.1, along with the number of articles, 

the number of citations received, the average of citations in a paper, and the impact factor of 

the journal. A total of 135 articles were published in this top-10 most active journals (7.14% 

out of the 140 journals), amassing 36.19% of the published articles. With more than 5% of the 

total published articles the Scandinavian Journal of Medicine & Science in Sports (24 articles; 

6.43%) and the Journal of Strength and Conditioning Research (20 articles; 5.36%) stand out, 

followed by Perceptual and Motor Skills with 15 articles (4.02%). As for the number of 

citations received, these top-10 journals received 1,849 or 55.39% of the total of 3,338 

citations received by all the retrieved articles. Likewise, it is remarkable that two of these 
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journals (i.e., Scandinavian Journal of Medicine & Science in Sports, and American Journal 

of Sports Medicine) account for 34.42% of the total citations. In this respect, is surprising the 

case of the Clinical Journal of Sport Medicine, that with only 5 published articles (1.34% out 

of the total publications), received 311 citations (9.32% out of the total citations), for an 

average of 62.20 citations per article. This is mainly because of the 228 citations received by 

the article: Prevention of anterior cruciate ligament injuries in female team handball players: 

A prospective intervention study over three seasons (Myklebust et al., 2003), which therefore 

is considered a significant contribution. Other featured articles which were cited more than 

100 times were: Injury mechanisms for anterior cruciate ligament injuries in team handball: 

a systematic video analysis (Olsen, Myklebust, Engebretsen, & Bahr, 2004); A prospective 

cohort study of anterior cruciate ligament injuries in elite Norwegian team handball 

(Myklebust, Maehlum, Holm, & Bahr, 1998); Motivation and dropout in female handballers: 

a 21-month prospective study (Sarrazin, Vallerand, Guillet, Pelletier, & Cury, 2002); and 

Prevention of injuries in young female players in European team handball: a prospective 

intervention study (Wedderkopp, Kaltoft, Lundgaard, Rosendahl, & Froberg, 1999), with 236, 

171, 119, and 117 citations respectively. 
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Table 2.1.1. The 10 most active journals 

Journal PA %PA TCC %TCC ANC IF 

Scandinavian Journal of Medicine & Science in Sports 24 6.43 709 21.24 29.54 2.867 

Journal of Strength and Conditioning Research 20 5.36 121 3.62 6.05 1.831 

Perceptual and Motor Skills 15 4.02 75 2.25 5.00 0.487 

Collegium Antropologicum 12 3.22 86 2.58 7.17 0.614 

International Journal of Sports Medicine 12 3.22 188 5.63 15.67 2.433 

Journal of Sports Sciences 12 3.22 57 1.71 4.75 1.931 

Journal of Human Movement Studies* 11 2.95 26 0.78 2.36 0.060 

Sportverletzung-Sportschaden 11 2.95 39 1.17 3.55 0.612 

American Journal of Sports Medicine 9 2.41 440 13.18 48.89 3.792 

British Journal of Sports Medicine 9 2.41 108 3.24 12.00 4.144 

PA total number of Published Articles, TCC Total Citation Count, ANC Average Number of Citations (i.e., 

ANC=TCC/PA), IF 2011 ISI Impact Factor 

* Extinguished journal. Last publication in 2008. 

Author productivity 

 A total of 782 different authors signed in the 373 retrieved articles. The 10 most 

productive authors in handball research in leading author publications and collaborating 

publications, along with their country of origin, are presented in Table 2.1.2. These top-10 

most productive authors (1.28% out of the total authors) signed in 106 articles (28.42% out of 

the total articles). This is consistent with observations in most research fields, where a few 

prolific authors contribute to a significant share of publications. The most prolific authors in 

handball research, with 10 or more published articles, were: van den Tillar, R. (Norway) with 

17 articles (being leading author in 13 of them), Myklebust, G. (Norway) with 14 articles (4 

leading authorships), Engebretsen, L. (Norway) with 12 articles (non-leading author), Bahr, 

R. (Norway) with 11 articles (non-leading author), Bar-Sela, S. (Israel) with 11 articles (non-

leading author), and Ettema, G. (Norway) with 10 articles (1 leading authorship). Five of 

these six most productive authors were Norwegians, revealing the importance of handball 

research in this country. An in-depth analysis of country contribution to handball publications 



Background 

22 

 

is presented in the following section. It also highlights the cases of Schorer, J. (Germany), 

Filaire, E. (France), and Wagner, H. (Austria), who despite signing in fewer articles, had 8, 7, 

and 6 leading authorship publications respectively. 

Table 2.1.2. The 10 most productive authors 

Author Country PA %PA LAA %LAA CA %CA 

van den Tillaar R Norway 17 6.46 13 76.47 4 23.53 

Myklebust G Norway 14 5.32 4 28.57 10 71.43 

Engebretsen L Norway 12 4.56 0 0.00 12 100.00 

Bahr R Norway 11 4.18 0 0.00 11 100.00 

Bar-Sela S Israel 11 4.18 0 0.00 11 100.00 

Ettema G Norway 10 3.80 1 10.00 9 90.00 

Schorer J Germany 9 3.42 8 88.89 1 11.11 

Srhoj V Croatia 8 3.04 4 50.00 4 50.00 

Filaire E France 7 2.66 7 100.00 0 0.00 

Wagner H Austria 7 2.66 6 85.71 1 14.29 

PA total number of Published Articles, LAA Leading Author Articles, CA Collaborated Articles 

Country distribution of publications 

 A total of 31 countries contributed to the publication of the 373 studied articles. The 

10 most productive countries are presented in Figure 2.1.8. Out of these top-10 most 

productive countries, 9 countries were Europeans, only with the USA (North America) 

occupying the fifth position. Out of the total countries, European countries participated in 

87.94% of the articles, revealing Europe’s big domain in handball research. 
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Figure 2.1.8. The 10 most productive countries 

2.1.4. Discussion 

 In a period when bibliometric indicators are increasingly being employed in the 

assessment of individual, institutional, and national performance (Ugolini et al., 2012), 

handball, as a multidisciplinary research area with a rising scientific interest, merited a 

thorough review. The purpose of the present study was to provide a bibliometric review of the 

scientific production in handball. Publications were collected from the Web of Science and 

MEDLINE databases for the period 1900 – 2012 and 1950 – 2012 respectively.  

 The most frequent document type was peer-reviewed journal articles (n = 1,054), 

which accounted for 89.17% of the total publications. This shows that when having to present 

their latest and most important findings, researchers in the field of handball choose articles of 

scientific journals as the main dissemination medium. This is consistent with the majority of 

scientific research fields, in which scientific articles published in academic journals continue 

to be the main vehicle to present the latest and most important advances made by researchers. 

Only the papers focused mainly on handball were considered for further analysis, for a total of 
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373 articles under study, 317 of which (84.99%) were written in English. This reaffirms the 

fact that English is the predominant academic language and that most scientific journals 

indexed in international academic databases are published in English (Patra, Bhattacharya, & 

Verma, 2006).  

 From 1961, when the first scientific article in handball was published, to 1995, the 

number of published articles remained at levels below 5 publications per year. Since 1996 

there has been a gradual increase in the number of articles, especially since 2010, as the 

number of published articles in previous years has almost doubled to reach approximate 

numbers of 40 articles per year. This shows an important development in handball research in 

recent years. At the same time there was a parallel increase in the average number of authors 

per article. This shows a major degree of collaboration in handball studies, which is consistent 

with the authoring patterns in other research areas (Shrum, Genuth, & Chompalov, 2007), 

particularly in sport sciences (Valenciano, Devís-Devís, Villamón, & Peiró-Velert, 2010). 

Therefore, handball can be considered an expanding research field both in terms of growing 

scientific production and research collaboration. 

 Sports medicine was the discipline with the most published articles, followed by sport 

training theory, physiology, psychology, anthropometry, and biomechanics. These top-6 

disciplines accounted for 90.62% of the studied articles. It highlights the fact that five of the 

top-6 disciplines were related to a greater or lesser extent with the medical sciences (i.e., 

sports medicine, physiology, psychology, anthropometry, and biomechanics), revealing that 

handball is a sport with a high physical, physiological and psychological component wherein 

studies related to injuries, physical capacities, physiological components, etc. are common 

(Myklebust, Hasslan, Bahr, & Steffen, 2013; Ziv & Lidor, 2009). Injuries was the main 

research topic, which is consistent with the great incidence of injuries in handball. Handball is 
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categorized as a contact sport where physical contact and aggressiveness is present in the 

game (Prieto & Gómez, 2012). These characteristics make handball a sport with a great 

incidence of injuries (Lindblad, Jensen, Terkelsen, & Helleland, 1993; Tsigilis & 

Hatzimanouil, 2005), which increases with performance level (Langevoort, Myklebust, 

Dvorak, & Junge, 2007). The following most common research topics were physical 

capacities and conditions, physiological variables measurement, performance and success 

variables, and sport technique. 

 In the last two decades (1990 – 2012), articles published in the discipline of sports 

medicine continue to be the main trend in handball research publication, occupying the first 

position in almost every year of this period. In this same period there was a significant 

increase in the category of sport training theory since 2008, becoming the discipline with 

more published articles in 2008, 2009, 2010, and 2011. This is consistent with the growing 

interest of this research discipline in other team sports in recent years, which includes 

emerging research topics regarding the performance analysis, such as game sports modeling 

(Lames, 2006), decision-making behaviours (Passos et al., 2008), complex behavioural 

dynamics (Duarte et al., 2010), ecological dynamics (Vilar, Araújo, Davids, & Button, 2012), 

contextual constraints (Correia et al., 2012), etc. This underlines the growing trend to consider 

sports contests as complex dynamical systems (Bourbousson, Sève, & Mcgarry, 2010; Lames 

& McGarry, 2007; Reed & Hughes, 2006). Therefore, analyzing the game of handball as a 

complex dynamical system is a potentially interesting line for future research. Likewise, in 

recent years, there was a remarkable annual growth in the publication of articles in the 

disciplines of anthropometry and biomechanics, which had very few publications until the 

beginning of the 2000s. This suggests that studies referring to these two disciplines will be 

expected to have a continuous rising trend in the years to come.  
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 Scandinavian Journal of Medicine & Science in Sports, Journal of Strength and 

Conditioning Research, and Perceptual and Motor Skills were the most active journals in 

handball research. The authorship pattern revealed a small group of authors signing in an 

important number of publications. In particular, five of the top-6 most productive authors 

were Norwegians, revealing the importance of handball in this country, which is consistent 

with the importance of handball as sport in Norway (Førde, 2002). According to the territory, 

European countries participated in 87.94% of the articles, revealing Europe’s big domain in 

handball research. This is consistent with the great popularization of handball in Europe as 

sport and its domain in international handball competitions, both male and female. 

 A number of limitations affecting the study need to be addressed. Bibliometric 

analysis depends on the selected bibliographic materials, therefore the present findings and 

associated interpretations only aim at evaluating handball research progress based on the 

selected Thomson Reuter ISI databases (Web of Science and MEDLINE). Moreover, 

regarding the distribution of the articles among the different research disciplines and topics, 

this was conditioned by the only existing categorization (Devís-Devís et al., 2010). In 

addition, the attribution of each article to a single country based on the first author country of 

origin may be misleading, although in previous bibliometric studies it was demonstrated that 

different methods give similar results (Ugolini et al., 2012). However, since the objective of 

this research was to provide an exploratory bibliometric study, we believe it constitutes a fair 

representation of the general situation in handball research.  

2.1.5. Practical implications 

 This work shows the important development in handball research in recent years, 

which is increasingly fruit of the collaboration of researchers from different countries working 

together, mainly from Europe. Academic institutions, universities, journals, researchers, 
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professionals, teachers and students can benefit from the presented insights into handball 

international scientific production. Knowing which disciplines are the most and least 

researched can help sports academic institutions to manage in a better way their resources and 

teaching programs concerning handball. Researchers may find very helpful the information 

about research disciplines and topics in order to find new opportunities and challenges in 

handball research. Additionally, they can consult the most active journals when deciding to 

which journal submit their handball scientific contributions. Journals can consult the most 

prolific authors when having to contact potential reviewers for papers on handball. Moreover, 

this paper might be useful to conduct informed decisions on researcher’s curriculum 

development and for sports universities journal subscription. 

 The study should also encourage researchers to continue working in the area of sports 

medicine, concretely in the injuries associated to handball, as it remains the main topic of 

interest. Furthermore, the growing interest of sport training theory, and the growing trend to 

consider sports contests as complex dynamical systems, together with the lack of research in 

handball, makes it a potential area for future work.  A suggestion for future study would be to 

analyze the degree to which the observed rates of publication, trends in research disciplines 

and topics, as well as most productive journals, authors, and countries, progresses as 

expected. Other directions could include the evaluation and comparison of handball research 

performance across universities, sports laboratories and specific research groups. 

Additionally, the organization of handball research using the new promising bibliometric 

science mapping techniques may contribute in shaping future research perspectives, for 

example, when considering the relationships between papers keywords and research 

disciplines. 
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2.2. From a static to a dynamic perspective in handball match analysis: a 

systematic review 

2.2.1. Introduction 

 The analysis of sport competitions aims to provide objective and reliable performance 

indicators (both individual and collective) that can help coaching staffs to better understand 

how their athletes and/or teams can improve performance and, thereby, adapt their 

intervention in the training sessions. A performance indicator is defined as the selection, or 

combination, of action variables that aims to define some or all aspects of performance, which 

to be useful should relate to successful outcome (Hughes & Bartlett, 2002). The search for 

reliable performance indicators in game sports is known as performance analysis and is today 

“firmly positioned as an integral part of the coaching process” (Mackenzie & Cushion, 2013). 

Published studies regarding sport performance analysis have increased greatly in recent years. 

A very comprehensive and updated handbook to this branch of sports sciences has recently 

been published (McGarry, O’Donoghue, & Sampaio, 2013). 

 Sport performance analysis can be oriented to study different aspects of performance. 

The most important are: tactics, strategy, mechanical aspects of technique, physical aspects, 

coach behaviour, and referee behaviour (McGarry et al., 2013). When some (or all) of these 

aspects are studied during team sports competitions we are referring to match analysis. Match 

analysis is a specific area within sport performance analysis. It refers to the objective 

recording and subsequent analysis of behavioural events occurred during competition, either 

at an individual level (players) or at a collective level (teams), or both (players and teams) 

(Carling et al., 2005). 
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 The great technological advances in the last two decades have contributed decisively 

to the scientific development in many research areas, including sports sciences (Long & 

Nelson, 2013). In the specific case of team sports match analysis, the increasingly frequent 

use of computerized notation systems and video-based analysis systems has enabled coaches 

(and analysts) to obtain valuable performance indicators to assess teams’ and players’ 

performance. This, together with the easy access to these data (usually available on the 

websites of the sports federations), has enhanced the accessibility to reliable resources in 

order to objectively analyze team sports match activities (Carling et al., 2005). 

 Sport performance analysis in general and match analysis in particular can be 

accomplished from two main different complexity approaches: static and dynamic (Sampaio, 

Ibáñez, & Lorenzo, 2013). Under the static perspective, the players and teams actions and the 

critical events of the game are registered on the basis of notation systems (before manual and 

mostly automatic now) that address the final match statistics, making little or no reference to 

the context of the game at each moment (i.e., structure-oriented model) (Pfeiffer & Perl, 

2006). Under the dynamic perspective, the actions and the critical events are registered in 

connection with the match process at each instant in a chronological and sequential order (i.e., 

process-oriented model) (Pfeiffer & Perl, 2006). 

 Handball is one of the most played team sports in the world, especially in Europe. 

Handball interest is not only limited to a sports entertainment context (either at the amateur or 

the professional level) but transcends to the field of scientific research. Since 1990 there has 

been a gradual increase in the number of scientific publications in handball, mainly journal 

articles. Articles related to sports medicine are the most extended. As with other team sports, 

studies regarding sport training theory, in particular those related to performance analysis, 

have grown enormously in recent years. To the best of our knowledge, the literature on 
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handball performance analysis has been only briefly reviewed as part of one of the chapters of 

the handbook previously cited (Volossovitch, 2013). In that chapter, Volossovitch reviewed 

the existing studies focusing on four issues: throwing performance analysis; goalkeeper 

performance assessment; physical activity profiles of players and time-motion analysis; and 

match analysis and modeling of team’s performance. With respect to match analysis 

(Volossovitch’s fourth issue), despite being a very interesting starting point for analysts, the 

chapter did not considered some important contributions that can help to draw a broader 

picture of handball match analysis.  

 Within this context, the aim of this study was to perform a systematic review of the 

scientific literature on handball match analysis and to identify potential research areas for 

future work. The complexity approach under which each considered publication was 

conducted was taken into account (i.e., static vs. dynamic).  

2.2.2. Search strategy, data sources and inclusion/exclusion criteria  

 A systematic review was conducted. Data were collected from the following 

computerized databases for the period 1900 – 2012: Web of Science, MEDLINE, 

SPORTDiscus, Scopus, EBSCO, and ProQuest. Multiple searches were conducted. The 

search terms included: handball, match analysis, performance analysis, game analysis, static 

complexity, dynamic complexity, performance indicators. The obtained records were 

compiled for analysis into a single database using the web-based reference software package 

RefWorks (ProQuest LLC, MD, USA). The initial search found 148 journal articles. In a next 

step, only the papers focused primarily on handball match analysis regarding tactical and 

technical aspects were considered. The articles focused on physical performance indicators 

were not considered (e.g., Chelly, Hermassi, & Aouadi, 2011). Likewise, studies that may 

have some application in handball but focused on other topics were not taken into account. 
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For these purposes, the title and the abstract of each paper was read. In doubtful cases the full 

text was consulted. Lastly, relevant work published in conference proceedings extracted from 

the reference lists of the retrieved studies were also incorporated into the analysis. This 

classification process identified a final list of 25 publications (21 journal articles; 4 

conference papers). These studies were read slowly and cataloged within the static or the 

dynamic complexity approach. Therein, authors, main analysis, number of performance 

indicators under study, considered situational variables, statistics and/or analysis methods, 

type of competition, number of matches, and sex of participants were distinguished for 

classification purposes. In particular, to get insight into situational variables (i.e., game 

location, match status, quality of opposition, game period, and type of competition) see 

Gómez, Lago-Peñas et al. (2013). 

2.2.3. Handball match analysis: static vs. dynamic approach 

2.2.3.1. Handball match analysis from a static complexity approach 

 The static approach is the simplest form of complexity within team sports match 

analysis (Sampaio, Ibáñez et al., 2013). The actions of the players and teams during the match 

are recorded using notation systems that have evolved extraordinarily from the early simple 

hand notation systems, which only allowed registering some of the actions of the match, to 

the current semi-automatic or automatic computerized video-based notation systems, which 

allow an easy recording of the majority of significant actions that occur in a match. However, 

despite this substantial progress in the amount and ease of data collection, the outcome of 

these notation processes is a more or less thorough set of descriptive statistics, usually based 

on frequencies and percentages of different performance indicators, which only provides 

information about what has happened at the end of the match, without disclosing the process 

of how this has happened. That is, the data collection ignores what is the context of the match 
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at each moment. Pfeiffer and Perl (2006) refer to this static approach as a structure-oriented 

observation model that enable for registering the isolated elementary actions of a match, but 

do not allow for obtaining information about the process of how these actions occur (i.e., no 

information is given about the match process). This static complexity approach has been the 

most extended in handball match analysis. Published studies have analyzed different 

performance indicators in relation to aspects of handball such as: scoring efficiency, collective 

tactics, discriminatory variables between winning and losing teams, situational efficiency 

predictor variables, technical success variables, team’s success match statistics according to 

match location, etc. Table 2.2.1 presents the reviewed articles on handball match analysis 

from the static complexity approach.  

 With respect to the scoring efficiency, several articles have studied which are the 

players’ actions and teams’ collective tactics that most influence goal-scoring in handball 

games. Srhoj, Rogulj, Padovan, and Katić, (2001) analyzed the influence of 18 indicators of 

positional direction of the attack end conduction on the final match result. The sample 

comprised 80 matches from 1999 men’s World Championship. The results of the study 

showed that the players on the position of central-back attacker were those who performed 

more frequently the attack end conduction. The highest effectiveness of the shots was 

presented in clean situations (the attacker did not have an opposing defender) and in short 

distance shots (fast break, 7-meter, breakthrough, and pivot attacker). The lowest realization 

effectiveness was presented in long distance shots and low angle shots (usually from wing 

attackers), as well as in back attackers defender situations. Vuleta, Milanovic, and Sertic 

(2003) aimed to determine the relationship between 12 indicators of scoring efficiency and 

the final outcome of the match when differentiating between winning and losing teams. The 

sample included 38 matches of 2000 men’s European Championship. A regression analysis 
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was performed. The main results showed higher efficiency for the winning teams in field 

shots, 7-meter throws, 6-meter center shots and wing shots. 
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Table 2.2.1. Reviewed published studies in handball match analysis from the static complexity approach. 

Study Main analysis Nº 

PI 

Situational 

variables 

Statistics / Analysis 

methods 

Competition Nº 

matches  

Sex 

Bilge, 2012 Technical success variables 14 TC Descriptive statistics Ol, WCh, 

ECh 

72 Men 

Gruić et al., 2005 Backcourt attackers situation-related efficiency 

parameters 

9 _ Regression analysis WCh 15 Women 

Gruić et al., 2006 Situational efficiency predictor variables  10 _ Regression analysis WCh 60 Men 

Gutiérrez and Ruiz, 2013  Game performance variables 8 _ Data Envelopment Analysis 

and cross-efficiency 

evaluation 

WCh 98 Men 

Meletakos and Bayios, 

2010 

Goals scored and close games  1 GL Two-way ANOVA 7 European L 10,358 Men 

Meletakos et al., 2011 Team statistics and performance indicators 18 _ MANOVA WCh 288 Men 

Ohnjec et al., 2008 Situational efficiency performance indicators 10 _ Regression analysis WCh 60 Women 

Pollard and Gómez, 2012 Home advantage according to sex, level of 

competition, and team ability 

1 GL, QO, 

TC 

Three-way ANOVA Spanish L 480 Men 

Women 

Rogulj, 2000 Differences in the situational-related parameters of 

the game 

27 _ MANOVA and  canonical 

discrimination analysis 

WCh 80 Men 

Rogulj et al., 2004  Collective attack tactics in relation to teams’ score 

efficiency 

19 _ MANOVA and  canonical 

discrimination analysis 
Croatian L 90 Men 

Rogulj et al., 2011 Performance efficiency of the elements of the 

collective attack tactics 

19 _ MANOVA and  canonical 

discrimination analysis 
Croatian L 90 Men 

Srhoj et al., 2001 Influence of the attack end conduction on final 

match result 

18 _ Regression analysis WCh 80 Men 

Volossovitch and 

Gonçalves, 2003 

Relevant game indicators that discriminate 

winning/losing teams 

77 _ Binomial logistic 

regression 

WCh 77 Men 

Vuleta et al., 2003 Relationship between variables of shooting for a 

goal and final outcome 

12 _ Regression analysis ECh 38 Men 

PI Performance indicators.  Situational variables: GL Game location; MS Match status; QO Quality of opposition; GP Game Period; TC Type of competition 

Competition: Ol Olympic Games; WCh World Championship; ECh European Championship: L League 
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 In the same line of work, Rogulj headed throughout the years several interesting 

researches with the aim of determining which are the collective attack and defensive tactics 

related to the duration, continuity, systems, structure, and spatial direction that most 

differentiate between score efficient teams (i.e., winning teams) and score inefficient teams 

(i.e., losing teams). Rogulj (2000) studied 27 situation-related performance indicators of the 

competitive successfulness of the teams participating in 1999 men’s World Championship. 

The sample comprised a total of 80 matches. The main results revealed that winning teams 

were more efficient when conducting collective fast breaks and in individual actions of the 

breakthrough on attack. In the defensive profile, winning teams were more efficient in 

executing the non-contact elements of the defense, whereas losing teams committed many 

turnovers and executed largely ineffective shots from the back positions.  

 On the same subject, but focusing only on the offensive aspect of the game, Rogulj, 

Srhoj, and Srhoj (2004) studied 19 elements of the collective attack tactics, also 

differentiating between winning and losing teams. The analysis covered 90 matches of 1998- 

1999 men’s First Croatian Handball League. Winning teams were found to make short 

continuous attacks against unorganized defenses (usually fast breaks after a turnover by the 

opposing team) and short positional attacks (shorter than 25 seconds). Losing teams were 

found to conduct long-interrupted positional attacks, attacks with one pivot, low tactical 

complexity attacks, attacks based on players’ individual attempts, and attacks based on group 

cooperation and group maneuvering of only a few players of the team. More recently, Rogulj, 

Vuleta, Milanović, Cavala, and Foretić (2011) studied the same 19 elements of the collective 

attack tactics in the same 90 matches sample, but this time classifying the actions into two 

groups depending on a realization efficiency criterion: actions that resulted in a scored goal or 

a forced 7-meter penalty shot were considered as efficient actions; actions that resulted in a 

missed goal and the loss of the ball were considered as inefficient actions. The authors 
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concluded that to be efficient, collective attack tactics should be based on the performance of 

fast attacks against unprepared defenses, on short positional attacks (mainly oriented towards 

the line players, especially the pivot), on simple attacks founded on the basic attack principles 

(width and depth of the attack), and on individual-action-based attacks. 

 With regards to the variables that best discriminate between winning and losing teams 

in handball, Volossovitch and Gonçalves (2003) analyzed which offensive and defensive 

game indicators (among more than 70) were associated to winning or losing outcome. A 

binominal logistic regression was performed in a sample of 77 matches from 2003 men’s 

World Championship. The model identified five variables that had a high predictive value in 

determining the match result (a win or a loss, draws were not considered): number of shots, 

number of shots saved by the goalkeepers, number of blocks, side shot throwing efficiency, 

and number of failed passes.  

 One important group of researchers (Gruić, Vuleta, Milanović, and Ohnjec) published 

various studies exploring the potential influence of several situation-related efficiency 

performance indicators on the final outcome of the matches in terms of the final goal 

difference. These indicators were considered as predictor variables of the team’s successful 

performance. The studies differentiated between successful teams (i.e., winning teams) and 

unsuccessful teams (i.e., losing teams). Gruić, Vuleta, Milanović, and Ohnjec, (2005) studied 

the actions of 34 backcourt attackers to test the possible influence of different performance 

indicators on the final outcome of 15 matches played in the preliminary round of 2003 

women’s World Championship. The authors established 9 predictor variables relative to the 

shooting efficiency across the different playing positions (goals scored and shots missed by 

backcourt players, wingers and pivots), assists, extorted penalties, and technical errors 

committed in the attacks. A regression analysis was conducted. The main results identified 
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line and side shots as the most effective for backcourt attackers of the winning teams, 

especially when the backcourt players penetrated into the pivot position as the second ones on 

the line. Individual breakthroughs and team tactic solutions, such as crossings and screenings 

(blocking an opponent with the body), were also effective for backcourt players throwing 

from good positions. 

 Published one year later, Gruić, Vuleta, and Milanović (2006) studied the elements 

that most determine the attack situational efficiency in a sample of 60 matches from 2003 

men’s World Championship. The authors considered the same predictor variables with a few 

changes. They incorporated the goals scored and shots missed from fast breaks and removed 

the extorted penalties. Regression models were performed to test the contribution of each 

variable to the team’s success. The main results confirmed the key role of the backcourt 

attackers in the attack end conduction and the great efficiency of fast breaks. Published two 

years later, Ohnjec, Vuleta, Milanović, and Gruić (2008) studied these 10 attack performance 

indicators in 60 matches of the preliminary round of 2003 women’s World Championship. 

Simple regression analysis led to a general conclusion: effective offensive performance 

involved the simultaneous and coordinated activity of all the players in attack together with 

rational and economy-based shots (both from backcourt and from pivots and wings line 

positions).  

 Also focused on the offensive profile, Meletakos, Vagenas, and Bayios (2011) 

assessed the possible potential changes, trends, and differences between winning and losing 

teams across 2005, 2007, and 2009 men’s World Championships in terms of throws attempted 

and goals scored, for a total of 288 matches under study. Each of the 29,439 executed throws 

was grouped according to six different throwing categories: three positional (6-meter, wing, 

and 9-meter, which define the position from where the throw was executed) and three 
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situational (penalty, fast break, and breakthrough, which define the circumstances of the shot). 

Throw attempts, goals scored and subsequent scoring efficacy were calculated for the six 

categories, for a total of 18 variables under study. A multivariate analysis of variance 

(MANOVA) was performed to test the possible evolution of these offensive indicators 

throughout the three studied championships. The main findings showed that 6-meter and 9-

meter throws had a great relevance in the offensive teams’ profile. In particular, the 6-meter 

efficacy remained in constant figures across the three championships, whereas 9-meter 

efficacy experienced a significant increase from 2005 to 2009. Very interestingly, the authors 

argued that this was due to the increasing quality of the pivots and their higher scoring 

efficiency, which had led the opposing teams to adopt special defensive tactics near the 6-

meter line to prevent the pivots from getting the ball.  

 Delving also in the analysis of attack performance indicators, Bilge (2012) studied 

several technical variables related to the efficiency of the attacks in terms of fast break 

efficiency, goalkeeper efficiency and throwing efficiency depending on the players position 

(wing, pivot, back court) and on the situation of the play (breakthrough, fast break, and 7-

meter). The study covered the statistics of the final top eight ranked teams of the European 

Championships, World Championships and Olympic Games in men’s category within the 

period 2000 – 2010. The authors performed a comparative analysis considering two groups of 

tournaments: the European Championships as one group, and the World Championships and 

Olympic Games as another group. This comparison was conducted due to the great level that 

European teams demonstrate in World Championships and Olympic Games (in the period 

under study, 92.5% of the top eight teams in the World Championships and Olympic Games 

were from Europe). The analysis did not show statistically significant differences in the 

variables related to the number of attacks, shot efficiency, goalkeeper efficiency, ratio of wing 

positions goals and 7-meter position goals. Among the significant differences found, the 
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results confirmed the great importance of fast breaks goals in modern top handball. In this 

sense, European teams had a higher effectiveness in fast breaks actions when playing against 

non-European teams (i.e., in World Championships and Olympic Games), but fewer chances 

to conduct fast breaks when playing against European teams (i.e., in European 

Championships). This study enhances the higher level of European national teams, and 

therefore European players, which despite being experts in conducting successful fast breaks, 

when playing against other European teams, the strong defenses they have to face makes it 

difficult to have chances to fast break. The same differences in favour of the European teams 

were found in terms of pivot position goals and breakthrough goals, which likewise shows the 

higher preparation of European teams, both in attack and defense. 

 Recently published, Gutiérrez and Ruiz (2013) studied 8 variables regarding goals and 

shots from different distances (6-meter, 7-meter, 9-meter), situations (fast break and 

breakthrough), and positions. The study analyzed the 24 teams that participated in 2011 men’s 

World Championship. The authors used the Data Envelopment Analysis (DEA) (Charnes, 

Cooper, & Rhodes, 1978) and the cross-efficiency evaluation for measuring each team’s 

performance, obtaining a performance ranking of the teams that can be compared with the 

final classification of the tournament and, therefore, be able to establish a comparison 

between the game performance and the competitive performance of each team according to its 

level. The results identified 9 efficient teams and 15 inefficient teams. In particular, France, 

Denmark and Spain won gold, silver and bronze medals respectively. Very interestingly, 

these teams also finished in the first, second, and third position in the team’s performance 

ranking provided by the DEA and the cross-efficiency evaluation. That is, these teams 

obtained an outcome in the championship in accordance with their performance. However, in 

many other cases the performance ranking of the teams did not coincide with their 

competitive ranking, both negatively (teams do not benefit from their good game in terms of 
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results) and positively (teams obtain better outcomes than those expected for their game). The 

authors highlight the case of Sweden, which was the host country and ended in fourth place 

despite finishing in the 17th position in the cross-efficiency evaluation ranking. That is, 

Sweden was a great competitor, achieving much better results than those expected for their 

game, probably due to some of the factors concerning the home advantage phenomenon 

(crowd effects, familiarity, referee bias, territoriality, and psychological aspects).  

 As seen, all the reviewed studies regarding handball match analysis from a static 

complexity perspective considered somehow the goals scored. Scored goals are the final 

indicator of the match outcome and are influenced by multiple factors (as seen above). In 

addition, scored goals can provide useful information about the level of equality within the 

teams (i.e., competitive balance, close matches), the match periods in which the teams score 

more goals, and the effect of match location (home or away) in determining the result of the 

matches (i.e., home advantage). Meletakos and Bayios (2010) performed a longitudinal study 

of the pattern of goals scored per match in seven major men’s European national leagues (i.e., 

Denmark, France, Germany, Greece, Poland, Spain, and Sweden). The study covered seven 

consecutive seasons, from 2002-2003 to 2008-2009, for a total number of 10,358 matches 

under study. The main results showed an important overall increase in the total number of 

goals scored across the seasons. Rule changes (introduced to raise the pace of the game) and 

more complete tactical, technical, physical and psychological preparation contributed to this 

increase in scoring. With respect to the number of close matches (those ending with a final 

score difference of two or less goals), significant differences were found across the countries. 

France and Spain had 34% of close matches, followed by the other countries under study 

(31% of close matches) and an overall figure of 30.9%. With respect to the match location, 

the study showed the existence of a home advantage effect in all the leagues, with statistically 

significant differences between the countries, varying from almost 60% of home wins in 
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Germany and Poland, to 53.6% in Denmark. Home advantage is a firmly rooted phenomenon 

in multiple team sports, including handball (e.g. Gómez, Pollard, & Pascual, 2011; Prieto & 

Gómez, 2012). 

 Also regarding the effect of the match location, Pollard and Gómez (2012), in a 

reassessment because of methodological and statistical problems in a previous study by 

Gutiérrez, Saavedra, and Fernández (2012), analyzed the home advantage effect in Spanish 

handball. Sex of participants (men’s vs. women’s), level of competition (First Division vs. 

Second Division) and team ability were considered. The sample covered 11 seasons from 

1997-1998 to 2007-2008, for a total number of 10,536 matches under study. The results 

confirmed the existence of home advantage in all the leagues, greater for men than for 

women, and higher at Second Division than at First Division. No interaction effects were 

found between sex and level of competition. 

2.2.3.2 Handball match analysis from a dynamic complexity approach  

 The dynamic complexity perspective establishes a direct relationship between the 

events that occur in the match and the moment in which these events happen (i.e., the match 

context). That is, time is set as a variable of study that allows the actions and critical events of 

the match to be recorded in a chronological and sequential order (i.e., the match process at 

every moment is considered, contrary to the static perspective). Pfeiffer and Pearl (2006) refer 

to the dynamic approach as a process-oriented model where a match is “characterized by a 

sequence of events and event-based temporal changes of the system’s state”. The dynamic 

complexity perspective is a relative young branch of knowledge in sports performance 

analysis that has grown progressively in recent years mainly due to the great technological 

advances in video-based match analysis software, motion tracking systems and user-friendly 

statistical packages (Alamar, 2011). In the particular case of handball, existing dynamic 
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studies are fewer in number in comparison with those published under the static perspective, 

but show growing interest among researchers. Published papers have studied how to address 

the dynamic complexity of handball using a variety of methods, such as neural networks, 

mathematical modeling, sequential analysis, and probabilistic analysis. Table 2.2.2 presents 

the reviewed articles on handball match analysis from the dynamic complexity approach. 

 Pfeiffer and Pearl (2006) propose the use of artificial neural networks to easily deal 

with the large volumes of data that can be obtained from the analysis process of the play 

structure and, therefore, get valuable insight into sports complex match and tactical structures, 

in particular in handball. The authors developed a process-oriented observation model based 

on a prepared neural network, which was trained with nearly 3,000 offensive attempts of the 

teams participating in 2001 women’s Junior World Championship, with the aim of identifying 

the most frequent offensive tactics used by the teams. The network identified several tactical 

attack formations, as well as different offensive type-patterns. In the discussion section, the 

authors emphasize the possibilities that artificial neural networks provide to investigate the 

run of handball matches and extract very valuable information about the match process, which 

cannot be obtained through the static complexity perspective. 

 Based on the approach of mathematical models, Lames (2006) tested two different 

methods for modeling game sports as dynamic processes by considering the time evolution of 

the game. The first method analyzed the positional interaction of single tennis players during 

30 rallies recorded from Roland Garros and Australian Open in both men’s and women’s 

category. The lateral displacements of the opposing players obtained by image detection 

methods were subjected to relative-phase analysis using the Hilbert transform. The second 

method analyzed the scoring process during 30 matches of 2001 men’s handball World 

Championship, which was seen as a random walk and described by moving averages of the 
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scoring probability. The results showed the dynamic nature of the scoring process, with 

periods of the matches in which almost every ball possession ended in goal and other phases 

in which any goals were scored. In addition, the analysis revealed phases with an apparent 

strong dependence in the scoring rate between the two opposing teams, but other phases in 

which this scoring rate was independent from the opposing team rate. This study served as the 

starting point for a pioneering paper in which Lames and McGarry (2007) questioned the 

search for reliable and stable indicators in game sports when following the classical static 

complexity approach. The authors argued that it is the unstable nature of the game what 

makes performance traits inherently unstable and, therefore, performance indicators unreliable 

by nature. In the first section of the article, the authors highlight some conceptual and 

empirical problems that can arise when searching for reliable performance indicators within 

the classical-theoretical performance analysis perspective. They used the same tennis and 

handball data of Lames’ research (2006) to illustrate how such problems may appear. In the 

second section of the paper, the authors propose a number of alternatives on the basis of 

considering game sports as complex dynamical systems (e.g., probabilistic processes, finite 

Markov chain analysis) and reinforce the idea that dynamical systems theory opens up a new 

and promising path for increasing the understanding of the structure of game sports, in 

particular of handball. The article concludes by giving some practical implications for sport 

performance analysts.  
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Table 2.2.2. Reviewed published studies in handball match analysis from the dynamic complexity approach. 

Study Main analysis Nº 

PI 

Situational 

variables 

Statistics / Analysis 

methods 

Competition Nº 

matches  

Sex 

Dumangane et al., 2009  Probability of scoring based on past performance 

of the two teams 

1 GP Linear probability model WCh 224 Men 

Lames, 2006 Relationship between the two team scoring 

processes 

1 _ Relative phase and 

random walks 

WCh 30 Men 

Lames and McGarry,  

2007 

Scoring process and momentary scoring 

probability 

1 _ Relative phase and 

random walks 

WCh 40 Men 

Lozano and Camerino, 

2012  

Offensive tactical systems 6 _ Temporal sequential 

analysis (T-patterns) 

WCh 6 Men 

Moescha et al., 2013 Momentum in handball from a team perspective _ GP Serial dependence and 

non-stationary 

Sweden L 43 Women 

Oliveira et al., 2012* Team’s success game statistics according to game 

location 

1 GL, QO, 

GP 

Repeated-measures 

ANOVA 

Spanish L 10,536 Men 

Pfeiffer and Perl, 2006  Tactical structures in the offensive attempts _ _ Artificial neural 

networks models 

Junior WCh 15 Women 

Prudente et al., 2008 Type, area, and path of first attacking action after 

a ball recovery 

3 _ Sequential analysis WCh, ECh 25 Men 

Volossovitch et al., 2009  Past performance dependency on the probability 

of scoring 

1 GP Linear probability model WCh 224 Men 

Volossovitch et al., 2010  Influence of the pace of the match on the 

dynamic of the game 

1 GP Linear probability model WCh 224 Men 

Vuleta et al., 2005* Influence of the score progress across the match 1 GP Beta distribution WCh 60 Men 

PI Performance indicators. Situational variables: GL Game location; MS Match status; QO Quality of opposition; GP Game Period; TC Type of competition 

Competition: Ol Olympic Games; WCh World Championship; ECh European Championship: L League 

* Static/dynamic complexity approach 
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 Based on sequential analysis methods, Prudente, Garganta, and Anguera (2008) 

studied a number of questions related to ball recovery in top level handball, as it facilitates 

defense-attack transitions with numerical and/or spatial advantage. The authors examined the 

type and area of the ball recovery and the path of the first attacking action after it. The sample 

included 3,170 offensive sequences of 25 matches of the final top eight teams of men’s 2002 

European Championship and 2003 World Championship. The main results revealed that was 

the goal-area the zone in which most ball recoveries took place, mainly due to goalkeeper’s 

savings, defenders recovers after opponent disarming or ball interception, and defensive 

rebounds. 

 Probabilistic analysis has also been examined as a possible method for addressing the 

dynamic complexity of game sports, in particular in handball. Vuleta, Milanović, Gruić, and 

Ohnjec (2005) studied the influence of the teams scoring processes on the final outcome 

throughout the match, which was divided for analysis purposes into four quarters of 15 

minutes each. The research was conducted on a sample of 60 matches played in the 

preliminary round of 2003 men’s World Championship. A regression analysis was performed 

to determine which of the four established time periods (if any) had a greater influence on the 

final match score. The regression results showed that were the goals scored in the first and 

second quarter of the match (i.e., the first half) those with the highest impact on the final score 

goal difference. The authors explained that the higher-quality teams imposed their level due to 

quality differences in the initial alignments and quality reactions to the positional play of the 

opponents. The second half of the matches were not intended to increase the goal difference, 

but to preserve the functional integrity of the teams in order to maintain the already existing 

goal difference. Volossovitch (2013) points out that Vuleta’s study can be inscribed within a 

static/dynamic complexity approach, due to the fact that the four analyzed 15-minutes time 
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periods were considered independent, disregarding their possible interaction throughout the 

match.  

  Also using probabilistic analysis methods, Volossovitch, Dumangane, and Rosati 

(2009) and Dumangane, Rosati, and Volossovitch (2009) examined whether the teams’ past 

offensive and defensive performance influence the probability of scoring in the match. 

Research was conducted on the sample of 224 matches from 2001, 2003 and 2005 men’s 

World Championships, for a total of 32,273 ball possessions under study. A linear probability 

model was developed to estimate the scoring probability as a function of the past team’s 

performance. The main results showed that the scoring probability did not seem to be 

influenced by the past offensive performance of the attacking team (i.e., the own team), but 

indirectly by the opposing team’s past offensive actions (hence it is directly related to the own 

team defensive performance) and by the scoreboard difference in the last ball possession. In 

this sense, when the teams are winning (i.e., positive score difference) the scoring probability 

decreases as the teams focus on maintaining the advantage rather than attacking for increasing 

it.  

 Published one year later, Volossovitch, Dumangane, and Rosati (2010) analyzed 

whether the factors examined in their previous studies (i.e., influence of the opposing teams’ 

past performance and point difference on the scoring probability) were affected by the pace of 

the match. Matches were divided into slow (49 to 57 ball possessions) and fast paced matches 

(58 to 66 ball possessions) according to the total number of ball possessions. The subsequent 

model estimation found interesting results. In slow paced matches, the effect of the opposing 

team’s past offensive actions was negative and non-stationary during the match, whilst the 

effect of the point difference in the last ball possession was positive and stationary. In fast 

paced matches, the effect of the past offensive performance of the opponent team was 
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negative and stationary during the match, whereas the effect of the point difference was 

positive, but non-stationary across the match. These results refuted the existence of a 

collective hot hand effect in handball and showed the need to consider the pace of the match 

(e.g., slow paced matches vs. fast paced matches). More in detail, Moescha, Bäckströma, 

Granéra, and Apitzscha (2014) investigated the prevalence of momentum in handball from a 

team perspective. The sample included 43 matches of the play-off round of women’s Swedish 

handball league. Momentum was measured through serial dependence and non-stationarity. 

The main results revealed that even though autocorrelation analysis showed that only 11.6% 

of the matches (16.3% when using chi-squared test) exhibited sings for momentum, nearly 

75% of all the matches showed specific 5-minutes periods in which momentum emerged. 

That is, momentum usually not lasts for complete matches but emerges in short-term periods. 

 Regarding the effect of match location, Oliveira et al. (2012) studied the home 

advantage phenomenon in men’s Spanish professional handball league and examined the 5-

minutes match periods in which the teams score more goals. In particular, the effectiveness of 

6-meter, 7-meter and 9-meter shots and fast breaks was analyzed. Quality of opposition 

(balanced vs. unbalanced matches) and final outcomes (winners vs. losers) were considered. 

The sample covered the seasons 2007-2008 and 2008-2009. The results confirmed the 

existence of home advantage (64%), which was higher in balanced matches (71%) and lower 

in unbalanced matches (55%), but did not show any specific 5-minutes match period wherein 

the home advantage emerges. The last 5-minutes periods of each half of the match were those 

in which more goals were scored, especially in the second half. Furthermore, when compared 

with the losing teams, the winners showed a greater effectiveness in 6-meter, 7-meter, and 9-

meter shots, as well as in fast breaks. In particular, an interaction effect between match 

location and quality of opposition was found in 6-meter shots, with home teams having a 

higher effectiveness in these shots when playing unbalanced matches. In this study we find 
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two differentiated complexity approaches. A static approach, in which the variables under 

study are quantified considering the final match results and statistics, so that the match 

process is not contemplated, and a dynamic approach, in which the variables are examined 

within different match periods, so that the match process is considered. This fact allows 

categorizing this study within a static/dynamic complexity perspective. 

 More recently, Lozano (Spanish World Champion handball player, still active) and 

Camerino (2013) studied the effectiveness of different offensive systems in handball from a 

dynamic, complex and nonlinear perspective. Observational methodology was used to study 

the 6 matches that confronted the teams that finished in the top four final positions of 2011 

men’s World Championship (i.e., France, Denmark, Spain and Sweden), for a total of 1,043 

offensive actions under analysis. An ad hoc observation instrument was built in order to 

conduct a detailed study of the offensive dynamics. The analysis assessed the type of defense, 

the symmetry or asymmetry between attackers and defenders, and the offensive sequence 

order. Offensive tactical systems in positional attack (both structured and unstructured) or in 

fast breaks were differentiated. The main results pointed out that the fast break was the most 

effective offensive system whatever the opposing defense or the symmetry (or asymmetry) 

between attackers and defenders. Structured offensive systems were the most widely used 

although they were not always the most effective. Offensive sequences with more than three 

attack configurations were less effective than those that ended with fewer configurations, both 

structured and unstructured. The results also showed that it was more effective to use the 

same offensive system during all the offensive sequence than to change the system during its 

development. 
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2.2.4 Conclusions and future perspectives 

 Research in game sports performance analysis, in particular match analysis, has 

evolved over the years, mainly due to the great technological advances. In the particular case 

of handball match analysis, existing published studies have examined players’ and teams’ 

performance from two different complexity perspectives. On the one hand, a group of studies 

(the most extended) have considered the classical static complexity approach, wherein the 

actions of players and teams are registered (usually in terms of descriptive frequencies of 

events) to obtain a final data set that describes what has happened at the end of the match, 

without considering how it happened. That is, the match process is not taken into account. On 

the other hand, another group of studies (fewer in number) have considered the relatively new 

dynamic complexity approach, wherein the actions are recorded taking into account the 

chronological and sequential order in which they occur. That is, the performance context and 

the match process at every moment are considered. 

 It can be observed that most of the articles focused on studying the offensive actions. 

In particular, the shots constituted the main action under study, in relation to which different 

positions (wing, pivot, backcourt), distances (6-meter, 9-meter) and situations of the play (fast 

break, breakthrough, penalty) were considered. Likewise, an important number of studies 

analyzed the differences between efficient teams (i.e., winning teams) and inefficient teams 

(i.e., losing teams). With respect to the analysis methods, articles conducted under the static 

perspective were based on descriptive and comparative studies of the end-of-match 

accumulated statistics. In contrast, studies performed from the dynamic approach used a 

variety of advanced analysis techniques for assessing the time evolution of performance 

during the match (e.g., artificial neural networks, mathematical modeling, and probabilistic 

analysis). With regards to the type of competitions, most studies focused on national teams 
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international Championships, mainly World Championships, with very few studies regarding 

neither national handball leagues nor international club competitions. According to the sex of 

participants, the vast majority of studies considered men’s competitions.  

 The present systematic review can provide useful information on future potential work 

lines for performance analysts in the field of handball match analysis. General guidelines for 

future work on handball match analysis include, but are not limited to (i) conduct more 

studies focused on the defensive profile, (ii) to analyze handball national leagues and 

international club competitions, (iii) to perform more studies in female handball, (iv) to 

include game situational variables into the analysis (i.e., game type, match status, game 

location, quality of opposition, game period), (v) to incorporate critical events of the game 

into the analysis (e.g., team timeouts, exclusions) and, (vi) to conduct further research from 

the promising dynamic complexity perspective. 

2.2.5. Limitations of the study 

 Two main limitations of the study should be acknowledged. First, and most important, 

although the intention of the present study was to perform a systematic review of the 

scientific literature on handball match analysis, the increasing globalization of scientific 

research makes it very difficult to consider all the published studies. Thereby, articles 

published in journals not indexed in the major scientific databases may have fallen out of our 

analysis. The same applies to the possible articles published during the writing of this review 

or during the journal peer review process prior to publication. However, we modestly believe 

that this extensive systematic review covered the most important contributions to handball 

match analysis until 2012. Second and last, we decided not to consider several web periodical 

articles published by the European Handball Federation (accessible from their website: 

http://activities.eurohandball.com/web-periodicals), because despite being interesting readings 
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for handball match analysts, coaches, players, and fans (e.g. Czerwinski, 2000; Feldmann, 

2001; Gutiérrez & Lopez, 2011; Mocsai, 2002; Pokrajac, 2007; Pollany, 2006; Taborsky, 

2008; all under the static approach) they cannot be considered strictly as scientific articles. 
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2.3. Background study 1: Game-scoring coordination in elite handball close 

games 

 Addressing the time dimension is fundamental to understand any dynamic behaviour 

in nature, also those that occur during team sports. Team sports can be conceptualized as 

complex non-linear dynamical systems in a constant state of flux due to the continuous 

interactions between players and teams (Glazier, 2010). In this sense, dynamical systems 

theory has become a viable framework for modeling athletic performance from the new 

dynamic and self-organized complexity perspectives (Glazier, 2010). This relative new topic 

of knowledge is growing importantly within the sphere of sports performance and match 

analysis, greatly helped by the important technological developments made in recent years, 

such as video-based game analysis software, motion tracking systems, and user-friendly 

statistical packages (Alamar, 2011). The majority of research published in this area has 

focused on the study of emergent players’ interactions coordination processes through 

attacker-defender dyads analysis (e.g. Bourbousson et al., 2010; Duarte et al., 2012; Passos et 

al., 2008; Travassos, Araújo, Duarte, & McGarry, 2012).  

 Handball is one of the most popular team sports, especially in Europe. It is a fast-

paced sport where teams alternate ball possessions trying to finish them with a shot on goal 

(otherwise the referees may penalize passive play), which usually leads to high scoreboards. 

Therefore shots are one of main actions in the development of the game and a key 

determinant of handball success in Elite National Leagues (Lago-Peñas, Gómez, Viaño, 

González-García, & Fernández-Villarino, 2013). Recently, Volossovitch (2013) has reviewed 

the existing literature in handball match analysis and suggested that the static complexity 

approaches (i.e., actions are registered without regard to the game progress over time) have 

been by far the most extended, whereas the number of published studies under the dynamic 
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perspective is quite low, but might show greater potentialities. In this direction, a variety of 

methods have been used to address the dynamic complexity of the handball game (e.g., neural 

networks, mathematical modeling, sequential analysis, and probabilistic analysis; see 

Volossovitch (2013)).  

 From the dynamic oriented approach, the scoring process of a handball team can be 

understood as a time series that represent the scoring evolution of the team throughout the 

game. Time series analysis has been used in many scientific disciplines (e.g., econometrics, 

engineering, physics) to uncover patterns of behavior over time (Madsen, 2007). In sports 

sciences, time series analysis has been primarily used to study human movement (Stergiou, 

2004). Regarding match analysis, published studies that have considered time series analysis 

are quite scarce (e.g., Shafizadeh, Taylor, & Lago-Peñas, 2013; Yue, Broich, Seifriz, & 

Mester, 2008). Time series analysis includes a variety of methods and techniques to analyze 

the data. For example, time series analysis methods such as autocorrelation and cross-

correlation can extract persistency patterns in the data (Harrison & Quinn, 1989), whilst 

moving average procedures can be used to smooth the data suppressing disturbances and 

revealing possible trends and cyclical components (Jönsson & Eklundh, 2004). Additionally, 

the analytic signal approach based on the Hilbert transform makes possible to obtain the phase 

differences between time series (Rosenblum & Kurths, 1998). Phase relations between time 

series provides highly valuable information on their dynamics of synchronization and 

coordination (Lamb & Stöckl, 2014; Rosenblum, Pikovsky, & Kurths, 1996). Within this 

context, examining the coordination dynamics of the time series representing the scoring 

processes of two opposing handball teams can provide very valuable insight into the teams’ 

game-scoring coordination patterns throughout the game (e.g., different scoring rates, back-

and-forth scoring intervals, critical periods in the game, momentary strength of a team). 

However, to the best of our knowledge only the exploratory study conducted by Lames 
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(2006) has analyzed the coordination patterns of the scoring processes of handball teams in a 

sample of 30 games of 2001 men’s World Championship. The results showed the dynamic 

nature of the scoring processes, identifying phases with an apparent strong dependence in the 

scoring rate between the teams, and others where the scoring rate of one team was 

independent from the other.  

 The situational variables are key factors to be considered when assessing sports 

performance (Gómez, Lago-Peñas et al., 2013). In particular quality of opposition, game 

location and game period affect the teams’ and players’ performance during competition. 

With respect to the quality of opposition, presumably when a strong team plays against a 

weak team the difference in ability is often likely to make the stronger team win, although this 

is not always fulfilled. To control for this situational variable, strong or weak teams can be 

determined according to the final qualifying positions at the end of the league (Oliveira et al., 

2012). With respect to the effect of game location (i.e., playing at home or away) in the game 

outcome, it has been probably the most widely studied situational variable (e.g., Lago-Peñas 

et al., 2013; Pollard & Gómez, 2012). Regarding the development of the games and linked to 

research in critical game situations (Ferreira, 2013), the different time phases of a game can 

also influence performance (Bar-Eli & Tenenbaum, 1988). Both periods at the end of the 

game (Bar-Eli, Tenenbaum, & Elbaz, 1990a) and periods at the beginning (Sampaio, Lago, 

Casais, & Leite, 2010) have been identified as critical moments. It should be also highlighted 

the importance of analyzing the potential interactive effects between these situational 

variables for a better understanding of the complex nature of team sports (Gómez, Lago-Peñas 

et al., 2013), and not only each variable in an isolated manner, which would lead to a limited 

insight into team sports performance (McGarry & Franks, 2003). 
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2.4. Background study 2: Team timeouts effects on the teams’ scoring 

performance in elite handball close games 

 Handball is a high-scoring sport where teams try to finish all their ball possessions 

with a shot on goal (and ideally convert the shot), because otherwise the referees may 

penalize passive play and thereby lose the possession of the ball (IHF, 2010). The great 

number of shots leads to the appearance of multiple scoring dynamics along the game 

(Dumangane et al., 2009). Handball coaches may use different tools to try to change these 

dynamics (usually if do not favor their team). These include verbal instructions that are given 

from the bench, player substitutions, and team timeouts (1-minute strategic game interruption 

that coach of attacking team may request). All of these are decisions that the coach has to 

make as the game develops over time, positioning its analysis within the new promising 

dynamic time-dependent perspective for modeling sports performance (Glazier, 2010). The 

dynamic perspective allows the dimension of time to be addressed in order to understand the 

continuous dynamic interactions between players and teams (Pfeiffer & Perl, 2006). In 

particular, it enables to reveal the temporal effects of the game actions (i.e., in the short-, 

medium- or long-term). However, existing literature in handball match analysis from the 

dynamic approach is very scarce in comparison with the classic static perspective (for a 

comprehensive review, see Volossovitch (2013)). 

 The timeout request can be considered as one of the most important tools in team 

sports management that allows the coaches to provide direct instructions to their players (Bar-

Eli & Tractinsky, 2000; Sampaio, Lago-Peñas, & Gómez, 2013). Instructions given by 

coaches during timeouts have been studied from different perspectives, such as critical plays, 

indications for starters or substitutes, last minutes of the games, and timeout decisions 

(Gómez, Jiménez, Navarro, Lago-Peñas, & Sampaio, 2011). Moreover, coaches’ cognitive 
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abilities when making decisions during competition (including timeouts) have been described 

in several team sports, such as basketball (Bar-Eli & Tractinsky, 2000), volleyball (Zetou, 

Kourtesis, Giazitzi, & Michalopoulou, 2008), and also handball (Debanne, Angel, & 

Fontayne, 2014; Debanne & Fontayne, 2009). The quality of these coaches’ decisions may be 

decisive in the course and outcome of the game, reflecting coaches’ team management skills 

(Horton, Baker, & Deakin, 2005). 

 The main reasons for a timeout calling in handball are: (i) to cut down the scoring 

streak of the opposing team; (ii) to adjust, adapt or change the strategy; (iii) to give individual 

instructions to players; and (iv) to enable short recovery from physical and psychological 

fatigue (Gomes, Volossovitch, & Ferreira, 2014). Therefore, aspects of multiple areas are 

involved within a timeout request (e.g., tactics, strategy, physical aspects, and psychological 

aspects). Interestingly, both opposing teams have the opportunity to take simultaneous 

advantage of this strategic break (Saavedra, Mukherjee, & Bagrow, 2012). The coach’s 

decision to call a timeout as well as his (her) subsequent instruction is related to the 

contextual factors (Gomes et al., 2014). These factors refer to the different game conditions 

that can affect teams’ and players’ performance and are known as situational variables. The 

analysis of situational variables is a key aspect to be considered when assessing sports 

performance. This research topic includes match status, game location, quality of opposition, 

game period, and game type (to get insight into situational variables, see Gómez, Lago-Peñas, 

et al., 2013). In this regard, close games (games that end with a small final goal difference) 

represent the game context where the opposing teams perform at the more similar level, thus 

equaling the possibility of either team winning and defining the degree of overall 

competitiveness of a sport competition (DeSaá et al., 2012; Meletakos & Bayios, 2010). 

However, published research focused on close games in handball is quite low (Oliveira et al., 

2012).  
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 To the best of our knowledge, few studies have analyzed the timeout effects on teams’ 

performance in sport games. In basketball, research has shown that timeouts appear to be 

effective in reducing the opponents’ rate of reinforcement (Mace, Lalli, Shea, & Nevin, 1992; 

Roane, Kelley, Trosclair, & Hauer, 2004). Gómez, Jiménez et al. (2011) studied 144 timeouts 

from the European Basketball Championship (Spain, 2007), the results showed that offensive 

and defensive performances were better after than before a timeout, with better offensive 

performances in the last five minutes of the games. Sampaio, Lago-Peñas et al. (2013) 

analyzed a sample of 60 games of the men’s Spanish Professional Basketball League, the 

authors found positive effects on points scored for the teams that called the timeout and 

negative effects for the opponents. In handball, Gomes et al. (2014) focused on identifying the 

different contexts of a team timeout calling in a sample of 2,178 timeouts from the Spanish 

ASOBAL League. The authors described the different contexts in which the team’s timeouts 

were called by the teams, according to the match status, game location, game period, as well 

as short-term offensive and defensive teams’ performance. However, this only existing study 

in handball did not analyzed the possible effects of team timeouts on the subsequent teams’ 

performance. Besides, the statistical model did not account for a multivariate model that allow 

for interactive effects description and prediction based on goals scored/received. As pointed 

out in the existing literature, accounting for the interactive nature of potential competition 

constraints appears critical to competition-specific preparation due to the complex and 

dynamic nature of high-level team sports performance, including handball (Eccles, Ward, & 

Woodman, 2009; McGarry & Franks, 2003). In this sense, more powerful statistical 

procedures should strengthen the analysis of the relationships between the game-environment 

variables, which may involve high-order complex interactions (Garganta, 2009). In particular, 

the use of multivariate techniques might be useful for description and prediction of the 
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normative profiles of timeouts and their association with situational variables and teams’ 

performance indicators (Moura, Martins, & Cunha, 2014). 

 Current international handball regulation (IHF, Rules of the game 2010, updated in 

2012, rule 2, art. 10) allow national federations to apply deviating regulations regarding the 

number of timeouts that teams can request, establishing that each team has the right to receive 

three 1-minute TTOs per game (overtime excluded) but may be granted a maximum of two 

TTOs in each half of the regular playing time. The Royal Spanish Handball Federation, as a 

member of the IHF, applies this regulation within the Professional Handball League 

(ASOBAL League) since the season 2011-2012. This has meant a change on the previous 

regulation, which allowed the teams to receive only one TTO in each half of the regular 

playing team (i.e., a maximum of 2 TTOs per team and game), and underlines the importance 

that the governing body of handball gives to these strategic breaks as a tool for game 

management by coaches. 
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2.5. Background study 3: Players’ exclusions effects on the teams’ scoring 

performance in elite handball close games 

 Handball is an invasion team sport, meaning that a significant number of contacts 

between players are allowed and are part of the game. These permitted actions include the use 

of an open hand to play the ball out of the hand of an opponent, to use bent arms to make 

body contact and follow an opponent in this way, and to use one’s trunk to block the opponent 

when struggling for positions (IHF 2010, rule 8:1). However, to ensure the safety of the 

players, the referees can call several types of fouls. Ordinary fouls normally do not lead to 

personal punishment and are sanctioned with a free-throw or a 7-meter throw. More severe 

fouls and non-fair play conducts lead to progressive personal punishments to the players, 

usually beginning with a warning, then exclusion and, finally, disqualification. However, 

certain fouls are punished with a direct exclusion, regardless of whether the player had 

received a previous warning. These include fouls against an opponent who is running fast, 

fouls against the neck, throat or head, grabbing an opponent who is jumping, or hard hitting 

against the throwing arm (for the whole list, consult IHF 2010, rule 8:4). 

 Exclusions are always sanctioned with a 2-minute suspension for the player who has 

committed the foul (in addition to the free- or 7-meter throw). The excluded player is not 

allowed to participate in the game for a playing time of 2 minutes, and the team is not allowed 

to replace this player on the court. This leads to a 2-minute numerical inferiority for the 

excluded player’s team, and therefore 2-minute numerical superiority for the opponent 

(provided that the opposing team does not have a player suspended at that time), which 

constitutes a critical moment in the game. Criticality of game situations investigates the 

instabilities, disturbances or imbalance circumstances that change the game natural 

cooperation-opposition process between the teams and can affect the final outcome of the 
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game (Ferreira, 2013). In this sense, the logic of team sports contexts should lead us to think 

that the team with numerical superiority will take advantage of the situation (both in attack 

and defense), but the literature has shown that this advantage may not be as large as could be 

expected, mainly due to psychological aspects such as stress, anxiety and choking, which may 

lead to lower performance in pressure situations where good performance is expected 

(Baumeister, 1984; DeCaro, Thomas, Albert, & Beilock, 2011; Hill & Shaw, 2013). Several 

studies have analyzed choking under pressure in situations where good performance is 

expected, such as penalties in football (Jordet, 2009) or free-throws in basketball (Hill, 

Hanton, Fleming, & Matthews, 2009). 

 Most of the available literature has studied the situations of numerical 

superiority/inferiority in specific game situations generated by the constant defense-attack 

transitions and vice versa (i.e., fast-breaks, quick retreat) (Pratas, Volossovitch, & Ferreira, 

2012; Silva et al., 2014; Vilar, Araújo, Davids, & Bar-Yam, 2013), rather than in those cases 

where a team has one less player on the field, as they can be the 2-minute exclusions of 

players in handball. In water polo, Lupo, Condello, and Tessitore (2012) found differences in 

several technical and tactical aspects of winning and losing teams in four different game 

situations (i.e., even, counterattack, power-play, transition). In particular, the authors defined 

power-play situations as those originated after an exclusion foul is sanctioned (in water polo 

the suspension time for the player is of 20 seconds), allowing the offence team to play with a 

player numerical superiority, which oppose even-play situations, where the number of 

attacking players is the same than that of the defence (numerical equality). In handball, Srhoj 

et al. (2001) analyzed the influence of the attack end conduction on the result of the game and 

highlighted the importance that the 2-minute exclusion of a player has on the game outcome 

of a handball game. However, very little research has specifically analyzed exclusions in 

handball. Mátéfi (2013) studied the different defence strategies whilst in numerical superiority 
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after an exclusion is sanctioned in a sample of 10 games of 2011 World Women's Handball 

Championship and concluded that defending in numerical superiority have a decisive effect 

on the game outcome. Lastly, Lago-Peñas et al. (2013) incorporated the analysis of the 

incidence of exclusions to their study on home advantage in Spanish Professional Handball 

League. The authors found no significant differences in the number of exclusions that were 

sanctioned between home and away teams. To the best of our knowledge, there are no 

available studies that have specifically assessed the possible effects that exclusions may have 

on handball teams’ and players’ performance according to situational variables. Therefore, 

performing this type of study could contribute to a better understanding of the impact of this 

critical event in the game.  

 Sports performance is time-dependent, therefore, addressing the time dimension is 

fundamental to understand the continuous complex and dynamic interactions that take place 

between players and teams as the game develops over time, and to grasp the possible 

immediate-, short-, medium- and long-term temporal effects of game actions and critical 

events (e.g., exclusions) (Glazier, 2010; Sampaio, Ibáñez et al., 2013). This dynamic time-

dependent perspective for assessing team sports performance is growing importantly in recent 

years, although it is still far from the static perspective (for a comprehensive review in 

handball, see Volossovitch (2013)). Furthermore, sports performance is context-dependent, 

meaning that specific game context may lead to performance differences; thus, considering 

the different game situational factors that may influence the teams’ or players’ performance is 

a key determinant to assess sports performance (Gómez, Lago-Peñas et al., 2013). However, 

available studies on handball match analysis that take into account the potential interactive 

effects of situational variables are scarce compared to other popular team sports, such as 

basketball or football (Volossovitch, 2013).  
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 The main situational variables include match status (i.e., determined by the score at the 

time the action to be analyzed occurs, that is, the team is winning, losing or drawing), game 

location (i.e., examines the influence of playing at home or away), quality of opposition (i.e., 

based on the competitive level of the opposing teams), game period (i.e., whether players’ and 

teams’ level of performance is affected by the different phases or periods of the game), and 

game type (i.e., in relation to the specific margins of victory, discriminating between close, 

balanced and unbalanced games). In this respect, close games (ending with small points/goals 

differences on the final outcome) represent the highest level of competitiveness between two 

opposing teams and show how competitive is a sport league (DeSaa et al., 2012; Meletakos & 

Bayios, 2010). The available research has highlighted the importance of analyzing close 

games profiles due to the appearance of particular playing aspects (i.e., technical, tactical, 

physical, and psychological) in order to determine which indicators better discriminated 

performances in these particular game contexts (Csataljay, James, Hughes, & Dancs, 2012; 

Lupo, Condello, Capranica, & Tessitore, 2014). In particular, fouls committed by basketball 

players were found to have higher importance within specific close games contexts (Kozar, 

Whitfield, Lord, & Mechikoff, 1993). Specifically, a high occurrence of opponent’s exclusion 

fouls was found in elite water polo close games (Lupo et al., 2012). Therefore, analyzing the 

particular case of exclusions in elite handball close games may be matter of interest to 

researchers, coaches and players.  
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 In this section, we present the aims and hypotheses of the three studies that compose 

the core of this thesis:  

3.1. Aims and hypotheses study 1: Game-scoring coordination in elite handball close 

games. 

3.2. Aims and hypotheses study 2: Team timeouts effects on the teams’ scoring 

performance in elite handball close games. 

3.3. Aims and hypotheses study 3: Players’ exclusions effects on the teams’ scoring 

performance in elite handball close games.  
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3.1. Aims and hypotheses study 1: Game-scoring coordination in elite 

handball close games 

Aims 

 The purpose of this study was to identify the coordination patterns of the time series 

representing the scoring processes of the two opposing teams in elite handball close games, 

when taking into account quality of opposition, game location, game period, and their 

potential interactive effects. 

Hypotheses 

 We hypothesized to find different game-scoring coordination patterns between the 

teams across the game.  

 In addition, we hypothesized to find significant effects on these game-scoring 

coordination patterns according to game location, quality of opposition and game period. 
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3.2. Aims and hypotheses study 2: Team timeouts effects on the teams’ 

scoring performance in elite handball close games 

Aims 

 The purpose of this study was to analyze the possible temporal effects of team 

timeouts on the scoring performance of the teams that called the timeout and of their 

opponents in elite handball close games, when controlling for match status, game location, 

quality of opposition, game period and their potential interactive effects. 

Hypotheses 

 We hypothesized that calling a team timeout would have positive effects on the 

scoring performance of the teams that called the timeout, coupled with negative effects for the 

opponents scoring.  

 Moreover, we hypothesized to find significant effects on these scoring performances 

according to match status, game location, quality of opposition and game period.  
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3.3. Aims and hypotheses study 3: Players’ exclusions effects on the teams’ 

scoring performance in elite handball close games 

Aims 

 The aim of this study was to identify and describe the game contexts in which 

exclusions are sanctioned according to game situation variables in elite handball close games, 

and to analyze the temporal effects that these exclusions may have on teams’ scoring 

performance when considering match status, game location, quality of opposition, game 

period, and their potential interactive effects, both for the teams that suffer the exclusion of a 

player (numerical inferiority) and for the opponents (numerical superiority).  

Hypotheses 

 We hypothesized that the exclusion of a player would have negative effects on the 

scoring performance of the teams that suffered the exclusion (numerical inferiority), coupled 

with positive effects for the opponents (numerical superiority).  

 Furthermore, we hypothesized to find significant effects on these scoring 

performances according to the match status, game location, quality of opposition and game 

period. 
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 In this section, we present the subsamples and procedures of the three studies that 

compose the core of this thesis: 

4.1. Methods study 1: Game-scoring coordination in elite handball close games. 

4.2. Methods study 2: Team timeouts effects on the teams’ scoring performance in 

elite handball close games. 

4.3. Methods study 3: Players’ exclusions effects on the teams’ scoring performance in 

elite handball close games. 

 The subsamples of the three studies were obtained from the overall sample that 

comprised the 240 games played in the season 2011-2012 of men’s Spanish Professional 

Handball League (ASOBAL League). 

 Data gathering was accomplished by using the official play-by-play sheets (available 

open access from www.asobal.es). The 240 play-by-play sheets were downloaded. All data 

were gathered by professional technicians of the League; however data reliability tests (kappa 

coefficients) were assessed on twelve games of the sample. The results of kappa tests showed 

coefficients of agreement of 1.0 for goals scored and received, team timeouts and exclusions 

throughout the course of the games. 
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4.1. Methods study 1: Game-scoring coordination in elite handball close 

games 

Sample 

 The initial sample included all the games played in the season 2011-2012 of men’s 

Spanish Professional Handball League (ASOBAL League) composed of 16 participating 

teams, for a total of 240 games in the season. The game final score differences were 

considered to classify the types of games. For this purpose the k-means partitional cluster 

technique was employed (Hartigan & Wong, 1979), allowing identifying cut-off points to 

three types of games: unbalanced games (n = 18; goal-differences from 13 to 25; average of 

15.61 goals, SD = 3.05), balanced games (n = 80; goal-difference from 6 to 12; averaging 

8.57 goals, SD = 2.02), and close games (n = 142; goal-difference less than or equal to 5; 

averaging 2.23 goals, SD = 1.59). Only close games, which represent the highest level of 

confronting performances, were considered for subsequent analysis (Gómez, DelaSerna, 

Lupo, & Sampaio, 2014). 

Data collection  

 All the play-by-play sheets were downloaded (www.asobal.es). The minute and 

second of the game in which each goal was scored was recorded in a separate database. These 

data was transformed into a scale of 10-seconds time-intervals, for a total of 360 time-score 

records per game and an overall figure of 51,120 records for all the analyzed games. These 

records formed the time series representing the scoring process of each team in each game and 

constituted the basis for subsequent analysis. 
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Situational variables 

 Quality of opposition was calculated according to the competitive level of the teams 

(Gómez, Lago-Peñas et al., 2013). In this regard the end-of-season ranking positions of the 

teams were considered. A dichotomous variable in terms of the final ranking was used (i.e., 

“High” final ranking teams vs. “Low” final ranking teams). Teams finishing ranked in the 

top-8 positions of the league were considered strong teams. Teams ranged from 9
th

 to 16
th

 

final ranking positions were considered weak teams. Game location differentiated between 

teams playing at home or away. Then, four possible game contexts arise (Home vs. Away): (i) 

strong teams opposing strong teams (High vs. High), (ii) strong teams opposing weak teams 

(High vs. Low), (iii) weak teams opposing strong teams (Low vs. High), and (iv) weak teams 

opposing weak teams (Low vs. Low). The 142 close games analyzed were distributed among 

these four game contexts as follows: High vs. High (n = 32), High vs. Low (n = 29), Low vs. 

High (n = 40), Low vs. Low (n = 41). Moreover, with the aim of identifying possible game 

critical moments in the scoring process (Bar-Eli & Tractinsky, 2000), the game was divided 

into six periods of 10 minutes’ time (i.e., 0-10 min, 10-20 min, 20-30 min, 30-40 min, 40-50 

min, 50-60 min). 

Autocorrelation and cross-correlation 

 The scoring persistency throughout the game was examined both for individual teams 

(using the autocorrelation function, ACF) and for pairs of opposing teams (using the cross-

correlation function, CCF). The time series resulting from the 360 10-seconds time-intervals 

score records of each game were examined. Thus each lag for ACF and CCF analysis 

represents a 10-seconds time-offset in the scoring process time series. In particular ACF was 

used to test the correlation of the scoring process of a team with itself along the game. The 

ACF lag was chosen according to the approximate up to 50 seconds duration of position 
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attacks against organized defenses (Rogulj et al., 2004), thus, a lag = 5 was considered. 

Positive ACF values indicate persistency in the scoring process (i.e., performance 

persistence). The higher the ACF value the greater the persistency. Scoring persistency among 

pairs of opposing teams was computed using the CCF. Correlation in the scoring processes of 

the teams was examined in each of the 10-seconds intervals of the time series, thus, a lag = 0 

was considered (i.e., no time-offset). Positive CCF values indicate correlation in the scoring 

processes between the opposing teams. The higher the CCF value the greater the correlation. 

ACF and CCF analysis were performed for the four game contexts described above. 

Moving averages and Hilbert transform 

 The scoring performance of each team was examined calculating moving averages of 

the score (Lames, 2006). In particular two consecutive moving averages of length 3 (therefore 

needed to be calculated with a difference of two time-intervals) were performed for the time 

series representing the scoring process of each team (i.e., the double backward moving 

average was calculated). That is, two consecutive moving averages calculated with a 

difference of two time-intervals (i.e., 2 moving average * 2 10-seconds time-intervals). Thus 

the first four 10-seconds time-intervals (i.e., the first 40 seconds of the game) fall outside the 

calculation of the final double backward moving average of each team. These calculations on 

the time series provide insight into the interaction of the scoring process between the two 

teams (Lames & McGarry, 2007).  

 Additionally and based upon these computations, the Hilbert transform of the 

previously calculated double backward moving average of each pair of opposing teams was 

computed in order to obtain the phase difference between the time series (Duarte et al., 2012; 

Travassos et al., 2012). The relative phase returned values vary in the range (-180º, 180º). A 

value of 0º represents in-phase behavior (synchronous pattern of coordination) whereas values 
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of -180º and 180º represent anti-phase behavior (asynchronous patterns of coordination) 

(Scholz & Kelso, 1989). Other phase relations between in-phase and anti-phase are 

manifested by values from -180 º to 0 º and from 0 º to 180º. The closer to 0º (both in the 

positive and negative spectrum) the closest to an in-phase behavior. The closer to -180º or to 

180º the closest to an anti-phase behavior. Intermediate values denote coordination behaviors 

between in-phase and anti-phase. Frequency histograms were used to examine these relative 

phase resulting data. In this respect, most studies have distributed the relative phase values 

into 30º bins (e.g., Bourbousson et al., 2010; Duarte et al., 2012; Esteves et al., 2012; 

Travassos et al., 2012; Vilar et al., 2012). In the present study and due to the fact that only 

close games were analyzed, it was decided to distribute the relative phase data into smaller 

bins (10º range bins) for a more precise analysis, and therefore be able to detect small scoring 

patterns that can provide very valuable information (e.g., short scoring partials in favor of one 

team, different scoring rates, periods of scoreless attacks, etc.). Thus, two coordination modes 

were established for analyzing purposes. Relative phase values ranging from -10º to 10º were 

considered as strong in-phase scoring process coordinated modes (SPCM). That is the scoring 

process of the two opposing teams is highly synchronized (i.e., game phases with both teams 

scoring or game phases with none of them scoring). Values above 10º or below -10º were 

considered scoring process non-coordinated modes (SPNCM). That is the scoring process of 

the teams is not synchronized (i.e., game phases in which a team scores several goals whilst 

the other does not). The bigger the relative phase values (again, both in the positive and 

negative spectrum) the smaller the coordination between the scoring processes of the teams. 

The variability of the game-scoring coordination patterns across the game was evaluated 

calculating the standard deviation of the computed mean relative phase data, which measures 

its spread around the central tendency. All these calculations were performed for the four 

game contexts under analysis.  
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Data analysis 

 A multiple analysis of variance (MANOVA) was performed to test for differences 

between the studied groups of teams according to their competitive level (strong teams vs. 

weak teams) and the game context (High vs. High, High vs. Low, Low vs. High, Low vs. 

Low) both when they played at home or away from home. Therefore game context was set as 

the fixed factor, with teams’ home and away autocorrelation function (ACF) values as the 

dependent variables. A one-way analysis of variance (ANOVA) was performed to test for 

differences between the cross-correlation function (CCF) values (dependent variable) 

according to the game context (fixed factor). Two-way ANOVA were conducted to test the 

scoring processes coordination modes of the teams (i.e., coordinated (SPCM) vs. not 

coordinated (SPNCM)) and to test the magnitude of variability of the game-scoring 

coordination patterns. Game context and game period were set as the fixed factors, with 

relative phase frequency data and standard deviation values as the dependent variables 

respectively. Tukey’s post-hoc comparisons tests were used when significant effects were 

found between the analyzed groups. In this respect, it was decided to consider only large 

effect sizes (Ellis, 2010). The effect sizes (ES) were calculated using the partial Eta squared 

(ηp
2
) and their interpretation was based on the following criteria: 0.01 ≤ ES <0.06 small 

effects, 0.06 ≤ ES <0.14 moderate effects, ES ≥ 0.14 large effects (Cohen, 1988). Statistical 

significance was set at 5% and all tests were conducted using the statistical software package 

SPSS 21.0 (IBM Corp., Armonk, NY, USA). Computing procedures were performed using 

Matlab R2012b software (The MathWorks Inc., Natick, MA, USA). 
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4.2. Methods study 2: Team timeouts effects on the teams’ scoring 

performance in elite handball close games 

Sample 

 The study focused on the 240 games played in the 2011-2012 season of men’s Spanish 

Professional Handball League (ASOBAL League). In order to account for the game type, 

specific margins of victory were considered, conducting a k-means cluster analysis that 

classified the games as follows: unbalanced games (final score difference in a range from 13 

to 25 goals, averaging 15.61 ± 3.05 goals, n = 18), balanced games (6 – 12 goals, 8.57 ± 2.02 

goals, n = 80), and close games (0 – 5 goals, 2.23 ± 1.59 goals, n = 142). With the aim of 

controlling for the highest game competitiveness, only close games were considered for 

further analysis (Meletakos & Bayios, 2010; Oliveira et al., 2012). All the 646 team timeouts 

granted in these close games were registered (an average of 4.55 TTOs per game). 

Procedures 

 All the play-by-play sheets of the 142 close games were consulted. Data logging for 

each team timeout was divided into two areas. Concerning the analysis of the temporal effects 

of the team timeouts on the scoring performance of the teams, the number of goals scored 

before and after each team timeout was registered for both opposing teams. Each ball 

possession was set as the unit for temporal effects analysis (dynamic time-dependent 

perspective). In particular, the goals scored for the periods within the previous and post first, 

third and fifth team timeout ball possessions were registered. The team timeout immediate 

effects were calculated by the difference between goals scored and allowed one ball 

possession before the team timeout calling and one ball possession after. Short-term effects 

considered the goal differences registered within the third previous and third post team 
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timeout ball possessions. Medium-term effects considered the goal differences registered 

within the fifth previous and fifth post team timeout ball possessions. This was chosen 

according to the approximate up to 50 seconds duration of position attacks against organised 

defenses established in handball games (Rogulj et al., 2004). This encompasses expected 

analysis periods of approximately one minute for the immediate effect (one ball possession), 

two-and-a-half minutes for the short-term effect (three ball possessions), and four minutes for 

the medium-term effect (five ball possessions). In certain cases some of these data could not 

be registered, since some (or all) of the considered ball possessions were not played. For 

example, when two team timeouts are granted within a small margin of time (e.g., 2 minutes), 

often there is not enough time for five ball possessions to be played between them. This also 

generally happens when the team timeout is granted in the last minutes of each half of the 

game. As a result, the ball possessions registered were as follows. For the teams calling the 

timeout: n = 634, n = 532 and n = 486 ball possessions, for the previous- and post- 1, 3 and 5 

ball possessions respectively. For the opponent teams: n = 624, n = 524 and n = 417 ball 

possessions, respectively. 

 Regarding the influence of situational variables on teams’ performance, match status, 

game location, quality of opposition, and game period were registered. The match status was 

computed as the goal difference between the teams when the timeout was granted. The game 

location distinguished whether the team calling the timeout was playing at home or away (the 

opposite for the opponent team). The quality of opposition was computed by difference 

between the final rankings positions of each pair of opposing teams. Finally, regarding the 

game period, the minute in which each team timeout was granted was registered. In this sense, 

according to previous studies (Gomes et al., 2014), the handball game was divided into six 

periods of 10 minutes (0-10min., 10-20min., 20-30min., 30-40min., 40-50min., 50-60min.).  
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Statistical analysis 

 Multiple linear regression models were applied to identify the effects of the 

independent situational variables on the scoring performance of the team that called the TTO 

and of the opponents. The model was adapted from Sampaio, Lago-Peñas et al. (2013) 

applied in basketball. The response variable of the model was the teams’ goal differences (i.e., 

the difference between goals scored and allowed by each team). Five explanatory variables 

were included in the model: TTO, match status, game location, quality of opposition, and 

game period. No heteroscedasticity in residuals or multicollinearity between the regressors 

was observed when estimating the models. Furthermore, the Ramsey (1969) regression 

equation specification error test (RESET) did not show any specification problems. Thus, the 

resulting multiple linear regression model with the five regressors, given N observations, is: 

GD = β0 + β1 • TTO + β2 • MS + β3 • GL + β4 • QO + β5 • GP + εi  (i = 1, …, N) 

 Where: GD = the difference between team’s goals scored and allowed; β0 = intercept 

of the regression (often referred to as the constant);  βj = the effects or regression coefficients 

of the regressors; TTO =  team timeout, a dummy variable stating whether the goals were 

scored and allowed before (TTO = 0) or after (TTO = 1) the TTO; MS = match status, GL = 

game location, QO = quality of opposition, GP = game period, εi = disturbance term (also 

referred as error term or noise). These multiple lineal regression analyses were performed for 

the periods within the first, third and fifth ball possessions before and after TTO request. 

When interpreting the regression results, positive or negative coefficients indicate a positive 

or negative effect on the given observation (i.e., a greater or lower propensity to 

increase/decrease the teams’ scoring performance). Statistical significance was set at P ≤ 0.05. 

Statistical analyses were performed using SPSS 21.0 (IBM Corp., Armonk, NY, USA).  
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4.3. Methods study 3: Players’ exclusions effects on the teams’ scoring 

performance in elite handball close games 

Sample 

 The study focused on 2011-2012 men’s Spanish Professional Handball League 

(ASOBAL League), in which 240 games were played. The final sample was composed of 280 

exclusions registered from 60 close games (final score differences between 0 and 5 goals). 

These 60 games were randomly selected from the total of 142 close games played in the 

season, which were classified as such after performing a k-means cluster analysis to classify 

all games into three groups according to the final goals differences: 18 unbalanced games, 

differences in score of 15.61 ± 3.05 goals, range 13 to 25 goals; 80 balanced games, 

differences in score of 8.57 ± 2.02 goals, range 6 to 12 goals; and 142 close games, 

differences in score of 2.23 ± 1.59 goals, range 0 to 5 goals. In a subsequent verification step, 

it was found that all 16 teams that participated in the league were present in the 60 close 

games sample. 

Procedures 

 All the play-by-play sheets of the 60 randomly selected close games were consulted. 

In a first step, all the exclusions that were sanctioned in the 60 close games under analysis 

were registered, for a total of 488 exclusions (an average of 8.13 exclusions per game). Then, 

those sequences in which any other exclusion was sanctioned in the period within the two-

minute suspension time were discarded. Thus, the final sampled comprised 280 exclusions 

sequences in which no simultaneous exclusions were sanctioned. Note that this final sample 

includes those sequences in which any other exclusion is sanctioned provided that no 

simultaneous suspension playing time is shared between them (i.e., in minutes 3, 4 or 5).  
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 In a second step, match status, game location, quality of opposition, and game period 

were registered for all the exclusions. The computation of these situational variables was as 

follows: (i) match status, the scoreboard difference between the teams at the time the 

exclusion was sanctioned, which allows to establish if the teams are winning, losing or 

drawing; (ii) game location, a dichotomous variable indicating whether the team that suffers 

the exclusion plays at home or away (the opposite for the opponent team); (iii) quality of 

opposition, the final ranking difference between the two opposing teams; (iv) game period, 

the minute in which the exclusion was sanctioned, which was converted, for subsequent 

analysis purposes, to a variable indicating the period of the game. To this effect and according 

to previous studies (Gomes et al., 2014), the handball game was divided into six ten-minutes 

time periods (first half: 0-10min., 10-20min., 20-30min.; second half: 30-40min., 40-50min., 

50-60min.).  

 In a final step, with the aim of analyzing the possible temporal effects that exclusions 

may have on teams’ scoring performance, the number of goals scored and received by each 

team within the five-minute period before (pre) and after (post) each exclusion was sanctioned 

was registered, both for the teams that suffered the suspension of a player and for the 

opponents. One-minute time intervals were established as the temporal unit for analysis. That 

is, for each exclusion that was sanctioned, the number of goals scored (and received) in the 

previous and post one, two, three, four and five minutes of play were registered for the two 

opposing teams, for a total of 5,600 time-score records under study in the final sample. 

Remind that professional handball games last for 60 minutes divided into two halves of 30 

minutes, so a five-minute period represents a 16.66% of the playing time in each half. In 

addition, it is important to highlight that reaching the halftime did not mean that the five-

minute analysis sequence was interrupted or reduced. In this sense, IHF rules of the game 
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(2010, rule 16:5) states that “a 2-minute suspension carries over to the second half of the 

game if it has not been completed by the end of the first half”. 

Statistical analysis 

 Descriptive data were computed to describe the game contexts in which the exclusions 

were sanctioned. With respect to the evaluation of the exclusions temporal effects on teams’ 

scoring performance, we adopted a multiple linear regression approach. The multiple linear 

regression model, given N observations, was defined as follows:  

GD = β0 + β1 • EX + β2 • MS + β3 • GL + β4 • QO + β5 • GP + εi  (i = 1, …, N) 

 Where: GD (goal difference) is the response variable of the model, which accounts for 

the difference between goals scored and goals received by the team. EX, MS, GL, QO and GP 

are the regressors of the model. EX (exclusion) is a dichotomous variable stating whether the 

goals were scored and received before or after the exclusion (EX = 0 and EX = 1, 

respectively). MS (match status), GL (game location), QO (quality of opposition) and GP 

(game period) account for the situational variables and are calculated as previously defined. β0 

is the intercept of the regression model; β1, β2, β3, β4 and β5 are the effects of the regressors; εi 

is the disturbance term. No heteroscedasticity in residuals or multicollinearity between the 

regressors was observed when estimating the models. Moreover, the Ramsey RESET test 

(1969) did not show any specification problems. The model was computed for all the one-

minute time intervals within the five-minute period before and after each exclusion was 

sanctioned (–1min / 1min; –2min / 2min; –3min / 3min; –4min / 4min; –5min / 5min), both 

for the teams that suffered the exclusion of a player and for the opponents. That is, it was 

computed ten times, five for the teams that suffered the exclusion and five for the opponents. 

When interpreting the model results, positive or negative coefficients indicate a positive or 

negative effect on the given observation (i.e., a greater or lower propensity to 
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increase/decrease the teams’ goals differences). The significant level was set to P ≤ 0.05. 

Statistical analyses were performed using SPSS 21.0 (IBM Corp., Armonk, NY, USA). 
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5. RESULTS 
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 In this section, we present the results of the three studies that compose the core of this 

thesis. 

5.1. Results study 1: Game-scoring coordination in elite handball close games 

5.2. Results study 2: Team timeouts effects on the teams’ scoring performance in elite 

handball close games 

5.3. Results study 3: Players’ exclusions effects on the teams’ scoring performance in 

elite handball close games 
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5.1. Results study 1: Game-scoring coordination in elite handball close 

games  

 The autocorrelation function (ACF) and the cross-correlation function (CCF) values 

according to the game context are presented in Table 5.1.1. With regards to the ACF the 

results showed very positive autocorrelation in the scoring processes (i.e., strong scoring 

persistency) of all the studied groups of teams according to their competitive level in all the 

analyzed game contexts, both when they played at home or away from home (ACF values 

very close to 1 in all the cases). The subsequent MANOVA did not show any significant 

differences in the ACF values between the game contexts nor when playing at home (F3,138 = 

1.22, P = 0.303; ES = 0.026) or away (F3,138 = 0.27, P = 0.843; ES = 0.006). With respect to 

the CCF the results showed a very positive correlation (CCF values very close to 1) between 

the scoring processes of each pair of opposing teams for the all the game contexts under 

analysis. In particular the one-way ANOVA did not show significant differences in the CCF 

values between the game contexts (F3,138 = 2.34, P = 0.076; ES = 0.048).  

Table 5.1.1. Autocorrelation function (ACF) and cross-correlation function (CCF) values according to the game 

context. Mean values and standard deviation (SD) are presented. 

Game context 

(Home vs. Away) 

ACF 

CCF 

Home team Away team 

High vs. High 0.9566 (0.0053) 0.9562 (0.0073) 0.9837 (0.0081) 

High vs. Low 0.9565 (0.0068) 0.9570 (0.0057) 0.9842 (0.0076) 

Low vs. High 0.9543 (0.0061) 0.9556 (0.0057) 0.9845 (0.0086) 

Low vs. Low 0.9552 (0.0055) 0.9559 (0.0069) 0.9797 (0.0116) 

All games 0.9555 (0.0059) 0.9561 (0.0064) 0.9829 (0.0094) 
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 Relative phase frequency histograms for the entire games according to the game 

context are presented in Figure 5.1.1. Strong in-phase modes of coordination (in the range 

from -10º to 10º) were observed for all the contexts (87.36% for High vs. High; 86.23% for 

High vs. Low; 88.05% for Low vs. High; 85.50% for Low vs. Low).  

 
Figure 5.1.1. Relative phase frequency histograms for the entire games according to the game context. 

 Table 5.2.2 shows the relative phase frequencies when controlling also for the game 

period. The conducted two-way ANOVA showed large significant differences in the scoring 

process coordination of the teams depending on the game period (F5,672 = 62.45, P < 0.001; 

ES = 0.317). No significant differences were found when considering exclusively the game 

context (F3,672 = 0.59, P = 0.620; ES = 0.003) nor when examining the interactive effect 

between the game context and the game period (F15,672 = 0.55, P = 0.911; ES = 0.012). 

Subsequent Tukey’s post-hoc comparisons analysis showed that the coordination in the 

scoring processes was significantly lower both for the 1
st
 and 2

nd
 game periods compared to 

all the other (all P < 0.001). Likewise it was significantly lower for the 3
rd

 game period than 

for the 5
th

 and 6
th

 (P < 0.001), as well as for the 4
th

 game period than for the 6
th

 (P = 0.024). 
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That is, the scoring coordination figures showed higher values as the game progressed. This 

became particularly visible when comparing the first two periods of the game (i.e., the first 20 

minutes), where the relative phase showed global figures of 68.94% and 72.96% respectively, 

with the last two periods (i.e., the last 20 minutes), where the relative phased reached values 

of 98.59% and 99.66% respectively. 

Table 5.1.2. Relative phase frequencies (%) concerning the scoring processes coordination modes (coordinated 

(SPCM) vs. non-coordinated (SPNCM)) of opposing teams according to the game context and the game period. 

 Game period 

Game context 

(Home vs. Away) 

0-10min. 10-20min. 20-30min. 30-40min. 40-50min. 50-60min. 

SPCM SPNCM SPCM SPNCM SPCM SPNCM SPCM SPNCM SPCM SPNCM SPCM SPNCM 

High vs. High 64.62 35.38 77.24 22.76 88.18 11.82 94.22 5.78 99.27 0.73 99.11 0.89 

High vs. Low 71.12 28.88 68.10 31.90 89.20 10.80 90.69 9.31 97.24 2.76 100.00 0.00 

Low vs. High 72.10 27.90 74.75 25.25 87.92 12.08 96.88 3.13 99.83 0.17 99.83 0.17 

Low vs. Low 67.68 32.32 71.30 28.70 86.54 13.46 88.82 11.18 97.80 2.20 99.67 0.33 

All games 68.94 31.06 72.96 27.04 87.84 12.16 92.69 7.31 98.59 1.41 99.66 0.34 

Note = SPCM: scoring process coordinated modes; SPNCM: scoring process non-coordinated modes. 

 The mean relative phase standard deviation across the game for the different game 

contexts are presented in Figure 5.1.2. The performed two-way ANOVA revealed small 

effects for the game context (F3,1400 = 8.05, P < 0.001; ES = 0.017), large effects for the game 

period (F5,1400 = 295.98, P < 0.001; ES = 0.514), and small interactive effects between the 

game context and the game period (F15,1400 = 2.23, P < 0.01; ES = 0.023). The subsequent 

game period large effects post-hoc analysis showed that the relative phase standard deviation 

decreased significantly as the game progressed, with significant differences among all the 

periods (all P < 0.01) except between the 1
st
 and the 2

nd
 game periods (P > 0.05). That is, 

great variability within the game-scoring patterns and less deviation from the central tendency 

as the game goes on.  
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Figure 5.1.2. Mean relative phase standard deviation (SD) according to game context and game period. 

 An example of the scoring processes time series of one of the analyzed games 

(Torrevieja vs. Ciudad Encantada Cuenca; 13
th

 matchday; game context: Low vs. High; final 

score: 23-25) allows to observe this general behavior found (Figure 5.1.3, left panel). In 

addition the resulting relative phase time series after computing the Hilbert transform is 

presented (Figure 5.1.3, right panel). In both graphs the discontinuous vertical lines represent 

the 10-minutes game periods under analysis. Major variations in the relative phase time series 

can be observed in the first game period. Especially in the interval from 4 minutes 20 seconds, 

where the game came with a tied score of 1-1, to 7 minutes 40 seconds, when the score 

reaches 4-2 after a scoring partial of 3-1 in favor of the local team (Torrevieja). This 

represents an interval of no coordination in the scoring processes of the teams that is 

manifested in the relative phase time series. From then up to 13 minutes (end of the first game 

period and first third of the second) the away team overcame this goal difference to tie the 

game (6-6). Again this represents an interval of no coordination in the scoring processes that 

becomes visible in the relative phase time series. From that moment until the end of the game 
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the teams had quite coordinated scoring dynamics (back-and-forth scoring), resulting in 

strong in-phase relative phases (between -10º and 10º) as can be observed in the relative phase 

time series.  

 

Figure 5.1.3. Example game: Torrevieja (black line) vs. Ciudad Encantada Cuenca (grey line).  

Left panel: scoring processes time series. Right panel: relative phase time series.  

Discontinuous vertical lines represent the analyzed game periods. 
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5.2. Results study 2: Team timeouts effects on the teams’ scoring 

performance in elite handball close games 

 The results show an unequal distribution of the team timeouts in the different game 

periods according to the match status (Figure 5.2.1).  

 
Figure 5.2.1. Distribution of the team timeouts (TTO) in the different game periods according to the match 

status. The division of the bars shows whether the team that called the timeout was winning, losing or drawing. 

 The majority of the team timeouts were requested during the last 10 minutes of each 

half of the game (60.06% of the total of TTOs; 26.01% in the period 20-30min; 34.05% in 50-

60min). In addition, an increasing trend in the team timeout request is revealed as the game 

progresses throughout each half of the game (3.87% of the total team timeouts in the period 0-

10min, 13,00% in 10-20min, 26,01% in 20-30min; 7,74% in 30-40min, 15,33% in 40-50min; 

34,06% in 50-60min). Regarding the match status, 55.88% of the total team timeouts were 

requested by the teams when they were losing, 32.66% when they were winning and 11.46% 

were called when the game was tied. It should be noted that all the team timeouts requested in 
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the first 10 minutes of the game were called when the teams were losing, a trend that 

decreases as the game progresses in each of its halves. So, in the last 10 minutes of each half, 

the number of team timeouts is shown quite even between a losing and a winning context for 

the team that called the timeout (44.64% of the TTOs requested when losing and 48.21% 

when winning in the period 20-30min; 44.55% and 36.36% respectively in 50-60min). Figure 

5.2.2 shows the means and standard deviations in goals scored by the teams that called the 

timeout and by the opponent teams in the previous and post analyzed ball possessions.   

 

Figure 5.2.2. Goals scored by the teams that called the timeout and by the opponent teams in the previous and 

post analyzed ball possessions. The thick dashed vertical line represents the team timeout (TTO). The thin 

vertical lines represent the standard deviations. 

 The multiple linear regression analysis (Table 5.2.1) showed significant positive 

effects on the number of goals scored for the teams that called the timeout, with increments of 

0.59, 1.40 and 1.85 goals for the periods within the first, third and fifth team timeouts ball 

possessions (all P ≤ 0.001). Conversely, significant negative effects were found for the 

opponent teams, with decrements of 0.59, 1.43 and 2.04 for the periods within the first, third 
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and fifth team timeouts ball possessions (all P ≤ 0.001). In order to translate these effects into 

goals per possession, the results were divided by the number of elapsed ball possessions. For 

the teams that called the timeout the increments were of 0.59, 0.47 and 0.37 goals per 

possession for the first, third and fifth ball possessions; while for the opponent teams the 

decrements were of 0.59, 0.48 and 0.41 goals per ball possession, respectively. 

 Match status, game location, and quality of opposition did not show significant effects 

on the change in goal difference before and after the team timeout, neither for the teams that 

called the timeout nor for the opponents. At the same time, the model parameters indicate that 

the effect of team timeouts on the goals scored during the ball possessions under analysis vary 

according to the game period (see Table 5.2.1). In particular, positive effects were found for 

the teams that called the timeout within the second, fourth and fifth game periods when 

analyzing the previous and post team timeout first ball possession (0.13, 0.25, and 0.12 goals 

respectively), whereas negative effects were found only for the fourth game period, with a 

decrease of 0.25 goals. Similarly, positive effects were found for the teams that called the 

timeout in the second and fourth game periods when analyzing the previous and post third 

team timeout ball possessions (0.27 and 0.53 goals respectively), coupled with negative 

effects for the opponent teams in the same situations (–0.26 and –0.51 goals). Finally, positive 

effects were found for the teams that called the timeout in the periods comprising the first 20 

minutes of each half of the game (i.e., 0-10min, 10-20min, 30-40min, 40-50min), associated 

to an increase in the goals scored by the teams (0.48, 0.45, 0.70, and 0.51 goals respectively). 

No significant effects of team timeout on the goals scored in the previous and post fifth ball 

possessions were observed. The intercept of the regressions was significant in all the models 

(all P ≤ 0.001).   
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Table 5.2.1. Effects of the independent variables on the team’s goal differences according to the number of ball possessions for the teams that called the team timeout (TTO) 

and for the opponent teams. Standard errors are presented in parentheses. 

 Ball possessions 

 –1 / 1 –3 / 3 –5 / 5 

Variables Team calling TTO Opponent team Team calling TTO Opponent team Team calling TTO Opponent team 

Timeout 0.59*** (0.04) –0.59*** (0.04) 1.40*** (0.07) –1.43*** (0.07) 1.85*** (0.09) –2.04*** (0.10) 

Match status –0.00 (0.01) –0.00 (0.01) 0.00 (0.01) –0.00 (0.01) 0.03 (0.02) –0.02 (0.02) 

Game location –0.03 (0.04) –0.03 (0.04) –0.09 (0.07) –0.09 (0.07) –0.03 (0.10) –0.07 (0.10) 

Quality of 

opposition 
–0.01 (0.00) –0.01 (0.00) –0.00 (0.01) 0.00 (0.01) –0.00 (0.01) –0.01 (0.01) 

Game period             

First half             

0-10min 0.16 (0.10) –0.16 (0.10) 0.08 (0.18) –0.07 (0.18) 0.48* (0.23) –0.06 (0.23) 

10-20min 0.13* (0.07) –0.13* (0.07) 0.27* (0.12) –0.26* (0.12) 0.45** (0.16) –0.01 (0.16) 

20-30min a a a a a 0.22   (0.15) 

Second half             

30-40min 0.25*** (0.08) –0.25*** (0.08) 0.53** (0.14) –0.51*** (0.14) 0.70*** (0.18) –0.24 (0.18) 

40-50min 0.12* (0.06) –0.12 (0.06) 0.18 (0.11) –0.16 (0.11) 0.51*** (0.14) a 

50-60min –0.04 (0.05) 0.05 (0.05) –0.04 (0.10) 0.04 (0.01) 0.14 (0.13) 0.19 (0.15) 

Intercept –1.18*** (0.21) 1.19*** (0.22) –2.09*** (0.40) 2.16*** (0.40) –3.45*** (0.52) 1.79*** (0.54) 

Number of 

observations 
634 624 532 524 486 417 

R2 0.18 0.18 0.29 0.30 0.29 0.35 

*** P ≤ 0.001; ** P ≤ 0.01; * P ≤ 0.05 

Note = a: excluded values from linear regression equation  
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5.3. Results study 3: Players’ exclusions effects on the teams’ scoring 

performance in elite handball close games 

 Figure 5.3.1 shows the distribution of the exclusions in the different game periods 

according to the match status, whether the team that suffered the exclusion of a player was 

losing, drawing or winning the game. 

 

Figure 5.3.1. Distribution of the exclusions in the different game periods. The division of the bars shows 

whether the team that suffered the exclusion was winning, losing, or drawing. 

 Regarding the two halves distribution of handball games, 42.86% of the total 

exclusions (n = 120) were sanctioned in the first half, the remaining 57.14% (n = 160) in the 

second half. More specifically, as can be visually observed, the majority of exclusions were 

sanctioned in the game periods between the 20
th

 minute and end of the game. In particular, the 

last 10 minutes of the first half together with the initial 10 minutes of the second half were 

those in which more exclusions were sanctioned (n = 121; 43.21% of the total), followed by 

the two game periods which comprised the last 20 minutes of the game (n = 98; 35.00%). The 
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remaining 21.79% (n = 61) were sanctioned during the first 20 minutes of the game. With 

respect to the match status, the exclusions showed a quite even distribution between winning 

and losing game contexts for the teams that suffered the suspension of the player in all the 

game periods. Specifically, 46.43% of the total exclusions (n = 130) were suffered by the 

teams when the teams were winning, and 40.00% (n = 112) when they were losing. The 

remaining 13.57% (n = 38) occurs when drawing. Regarding the game location, the number 

of exclusions suffered by the teams when they were playing at home or away showed a very 

even distribution (n = 137 (48.93%) and n = 143 (51.07%) for home and away teams 

respectively). Figure 5.3.2 shows means and standard deviations for the number of goals 

scored by the teams that suffered the exclusion and by the opponent teams in the previous and 

post analyzed minutes of the games.  

 

Figure 5.3.2. Goals scored by the teams that suffered the exclusion and by the opponent teams in the previous 

and post analyzed minutes of the games. The thin vertical lines represent the standard deviations. 

 The results of the multiple linear regression analysis are presented in Table 5.3.1. The 

results of the models showed significant negative effects on the number of goals scored for 
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the teams that suffered the exclusion of a player (i.e., teams with one less player) with 

decrements of 0.25, 0.40, 0.61, 0.62, and 0.57 goals for the periods within the previous and 

post one, two, three, four and five minutes of play (all P ≤ 0.001). For the opponent teams, the 

results showed positive effects on the number of goals scored, with increments of the same 

magnitude in the same game periods (all P ≤ 0.001). This is directly related to the fact that the 

goals scored by a team are the conceded goals by the opponent, and vice versa, together with 

the considered one-minute temporal analysis unit, which implies that the analysis sequences 

are equal for both opposing teams (i.e., the two teams play the same game time). This fact 

does not always happen if we use, for example, ball possessions as the unit for temporal 

analysis, in which case a team can play more (or less) possessions than the opponent, making 

these factors may vary. Match status, game location, quality of opposition, and game period 

situational variables did not reveal significant effects on the scoring performance of the teams, 

neither for the teams that suffered the exclusion of a player, nor for the opponents.  

Table 5.3.1. Temporal effects on the scoring performance for the team that suffered the exclusion of a player. 

Standard errors are presented in parentheses. 

 Minutes 

Variables –1min / 1min –2min / 2min –3min / 3min –4min / 4min –5min / 5min 

Exclusion –0.25* (0.07) –0.40* (0.07) –0.61* (0.11) –0.62* (0.13) –0.57* (0.14) 

Match status 0.02 (0.01) 0.01 (0.02) 0.02 (0.02) –0.01 (0.03) 0.01 (0.03) 

Game location 0.04 (0.07) –0.05 (0.10) –0.07 (0.13) –0.14 (0.14) –0.11 (0.15) 

Quality of 

opposition 
0.00 (0.01) –0.01 (0.01) –0.01 (0.01) –0.01 (0.01) –0.01 (0.01) 

Game period      

First half      

0-10min –0.07 (0.14) –0.31 (0.18) –0.40 (0.23) –0.23 (0.27) –0.12 (0.29) 

10-20min 0.03 (0.11) –0.08 (0.15) –0.09 (0.20) –0.06 (0.21) –0.04 (0.23) 

20-30min 0.03 (0.10) 0.09 (0.13) 0.12 (0.18) 0.23 (0.20) 0.31 (0.22) 

Second half      

30-40min a a a a a 

40-50min 0.02 (0.11) 0.10 (0.14) 0.06 (0.18) 0.04 (0.20) –0.10 (0.21) 

50-60min 0.02 (0.09) 0.26 (0.15) 0.14 (0.19) 0.32 (0.21) 0.19 (0.23) 

Intercept –0.02 (0.09) –0.02 (0.12) 0.14 (0.15) 0.24 (0.18) 0.24 (0.19) 

Number of 

observations 
280 274 263 255 244 

R
2
 0.03 0.06 0.07 0.07 0.05 

* P ≤ 0.001; Note = a: excluded values from linear regression equation 
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 In this section, we present the discussion of the three studies that compose the core of 

this thesis: 

6.1. Discussion study 1: Game-scoring coordination in elite handball close games. 

6.2. Discussion study 2: Team timeouts effects on the teams’ scoring performance in 

elite handball close games. 

6.3. Discussion study 3: Players’ exclusions effects on the teams’ scoring performance 

in elite handball close games. 
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6.1. Discussion study 1: Game-scoring coordination in elite handball close 

games 

 The aim of this study was to identify the coordination patterns of the time series 

representing the scoring processes of the two opposing teams in men’s Spanish Professional 

Handball League when taking into account quality of opposition, game location, game period, 

and their potential intriguing interactive effects, for a better understanding of the complex 

nature of the handball game. As was hypothesized, we found different game-scoring 

coordination patterns between the teams across the games. With respect to our hypotheses of 

finding significant effects on these coordination patterns according to game location, quality 

of opposition and game period, the only differences were found in relation to the game period. 

In particular, the 20 first minutes of the games showed a significantly lower coordination 

between the scoring processes of the teams. A clear increasing coordination behavior was 

revealed as the game progressed. 

 In the first step of the analysis the results showed very positive correlation values in 

the scoring processes of the teams, both when computed for each team with itself (i.e., ACF) 

and when calculated for each pair of opposing teams (i.e., CCF). ACF results showed a very 

strong scoring persistency for all the groups of teams in all the game contexts (High vs. High; 

High vs. Low; Low vs. High; Low vs. Low), both when they played at home or away, without 

significant differences between them. This reveals that the scoring process of the teams’ 

presents a high consistency across all the games. These results are likely related to the close 

games, where possible initial differences in the competitive level of the teams are minimized 

due to the fact that the result of the game progresses tightly (i.e., the teams perform at a very 

similar level). These results are in accordance with previous studies that highlighted the 

importance of analyzing team sports performance in relation to specific margins of victory 



Discussion 

99 

 

differentiating between close, balanced, and unbalanced games in terms of the final outcome 

difference, finding very small differences or no difference between winning and losing teams’ 

performance in close games (e.g., Gómez et al., 2014, and Lupo et al., 2014, in water polo). 

Moreover, the fact that there are no differences between the teams when they play at home or 

away reveals that the performance level of the teams is not affected by the game location in 

close games. This is consistent with a previous study in basketball by Sampaio et al. (2010) 

where no significant effects for game location were found during balanced 4
th

 game quarters. 

CCF results also showed a very strong relationship of persistence in the scoring processes of 

each pair of opposing teams for all the game contexts (High vs. High; High vs. Low; Low vs. 

High; Low vs. Low), without significant differences between them. Concerning the phase 

relations, results revealed strong in-phase modes of coordination between the scoring 

processes of the opposing teams for all the contexts, without significant differences between 

them. Again, it is presumably the fact that they are close games which leads to this strong 

coordination between the scoring processes.  

 Very interestingly, the results did show significant differences when controlling for the 

six periods in which games were divided for analysis purposes. In particular, the relative 

phase frequencies results show a clear increasing coordination behavior between the scoring 

processes of the teams as the game unfolds. Moreover, the relative phase standard deviation 

results exhibit a great variability within the game-scoring patterns and reveal that the stability 

of the team’s scoring coordination increases as the game progresses. In both cases, significant 

effects were found particularly when comparing the first two game periods (i.e., 0-10min. and 

10-20min.) to all the other. These findings suggest that are the first 20 minutes those which 

break the games. Therein the major variations in the scoreboard occur, which are stabilized as 

the game goes on. These results are consistent with previous studies in other team sports in 

which the importance of the first phases of the games are brought to light (e.g., Sampaio et al., 
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2010, in basketball; Gómez et al., 2014, and Lupo et al., 2011, in water polo). But oppose the 

findings of Bar-Eli et al. (1990a) in handball, that suggest that is the end phase of the game 

the most critical. More recently Oliveira et al. (2012) found that were the last periods of each 

half the most productive in terms of number of goals scored in handball games. However, the 

fact that the coordination process of the scored goals between the teams is not considered 

makes it impossible to discuss their results with those obtained in the present study. No 

significant effects (or at least no large effects) were found when considering exclusively the 

game context nor when examining the interaction effect between the game context and the 

game period. This suggests that is the game period which affects the coordination of the 

scoring processes independently of the game context. 

 The concept of co-adaptation when considering team sports as complex non-linear 

dynamical systems can help to explain the game-scoring coordination pattern between the 

opponents as the game develops. The constraints of a competitive environment in team sports 

(e.g., field locations and boundaries, rules, game time, payers positioning) require that players 

constantly co-adapt to the other performers, both teammates and opponents (Davids, 2015; 

Passos, Araújo, & Davids, 2013). This dynamic co-adaptive behavior arise through a process 

of self-organization and co-adaptation between players and teams under specific tasks and 

environmental constraints tasks that emphasizes the nonlinear systemic nature of team sports, 

and is integrated within the relatively new ecological dynamics perspective for analyzing 

sports performance (e.g., Correia, Araújo, Vilar, & Davids., 2013; Vilar et al., 2012). In 

particular, the observed increasing coordination in the scoring processes of the teams suggests 

that their collective behaviors become more predictable and stable as the time goes on (i.e., 

less complex), resulting in more stable scoring dynamics (i.e., back-and-forth scoring 

patterns) and greater difficulties for the teams to make a difference in the scoreboard. The 

gradual familiarization of players and teams with the environment and with their opponents 
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(both at an individual and collective level) might contribute to explain this fact (e.g., Correia 

et al., 2013; Passos et al., 2008; Travassos et al., 2012). Furthermore, the deterioration 

attributed to cumulative fatigue during the final stages of a game has been related to athlete’s 

decline in performance, both attributable to a decrement in physical performance, decision 

making and/or technical skill execution (Póvoas et al., 2014; Royal et al., 2006), and could 

contribute to explain the observed increasing coordination pattern within the scoring 

processes of the opposing teams as the game progressed. In particular, fatigue has been 

associated with the fact that players usually perform in a more conservative way at the final 

phases of the games, resulting in more regular and predictable performances by the teams 

(Duarte et al., 2013).  

 Regarding the practical implications of the research findings, training aspects 

(physical, technical, tactical, and psychological) should focus on the specific preparation of 

the first 20 minutes of the games, always without forgetting the other phases of the game. The 

aim is to achieve the highest control of the game during its initial phases and to obtain the 

greatest possible difference in the score, or at least the minor disadvantage compared to the 

opponent. In this sense, coaches need to focus on creating practice tasks containing 

informational constraints or affordances to promote exploratory interactions of the players 

with the performance environment, designing tasks that constantly evolve over time and 

require interrelated decisions and actions by the players to regulate their individual and 

collective behaviors and thereby achieve their performance goals (Araújo, Davids, & Passos, 

2007; Davids, 2015; Pinder, Davids, Renshaw, & Araújo, 2011). In particular, multiple 

practice tasks should be designed simulating the potential observed scenarios that can occur 

within the initial 20 minutes of the game, where big differences in the scoreboard are given 

(both in favor and against the team). Specifically during game development, the use of special 

tactics (Rogulj et al., 2004), the management of the players’ substitutions, and the use of 
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timeouts (Gomes et al., 2014) are tools that can be used by the coaches to try to improve the 

performance of their teams in the initial phases of the game.  

 In conclusion, the present study showed that analyzing the scoring processes 

coordination of the teams can provide highly valuable information for a better understanding 

of the dynamics of handball games. Within the main practical implications is the 

identification of the most crucial phases of the game and subsequent specific preparation by 

the coaches to address them in a more effective way. Specific analysis for each team would 

allow deciphering the particular scoring dynamics of each individual team more precisely. 

The obtained results offer perspectives for future research. Conducting this type of study in 

other men’s professional handball leagues, analyzing women’s leagues, comparing men’s and 

women’s competitions, studying youth handball, and adapting the study to other high 

scoreboard team sports (e.g., basketball, volleyball) are among them. Furthermore, the 

inclusion of critical events in the analysis (e.g., timeouts or exclusions, in handball) could be 

very interesting for the future.   
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6.2. Discussion study 2: Team timeouts effects on the teams’ scoring 

performance in elite handball close games 

 In this study, multiple linear regression models were used to investigate the temporal 

effects of team timeouts on the teams’ scoring performance in elite handball close games, 

which represent the highest level of game competitiveness.  

 With respect to the team timeouts distribution, the results are consistent with a recent 

study by Gomes et al. (2014) in three seasons of the ASOBAL League, in which 57% of the 

team timeouts were called in the last 10 minutes of each half (34% and 23% respectively). 

The results also support evidence from 2004 and 2008 European Handball Championships 

(Prudente, Lopes, & Fernando, 2009; Sevim & Traborsky, 2004). All these studies analyzed 

all types of games, not only close games. Hence, it may be suggested that the majority of team 

timeouts in handball are called in the last 10 minutes of each half of the game, regardless of 

the game type. The increasing number of timeouts called by the teams as the game was 

progressing in each of its halves may be related to the coaches’ strategy to delay the timeout 

request in order to use this strategic break in the critical moments that frequently occur in the 

last minutes of the game, as was argued in previous research in basketball (Gómez, Jiménez et 

al., 2011; Kozar et al., 1993). With respect to the match status, the results suggest that the first 

team timeout of the game is requested to stop an opponent’s scoring streak, or at least to 

interrupt a continued negative team’s performance. As the game progresses, team timeouts are 

called by the teams also when they are winning or the game is tied. These results are 

consistent with Gomes et al. (2014). In line with Kozar et al. (1993) in basketball, Gomes et 

al. (2014) argued that the natural development of the game itself, makes coaches not let go the 

opportunity to use the team timeouts they can call in each half of the game, either for trying to 

invert the unfavorable current result or to enhance the advantage in score.  
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 As was hypothesized, the results have shown that the teams that called the timeout 

increased their scoring performance immediately in the first possession at their disposal after 

the timeout (immediate effect), and also short- and medium-term (periods within the previous 

and post third and fifth team timeouts ball possessions respectively), whereas the opponent 

teams decreased their scoring within the same ball possessions they had after the timeout. 

These findings are partly consistent with previous results in basketball reported by Sampaio, 

Lago-Peñas et al. (2013), in which positive effects in the scoring were found for the teams 

that called the timeout, whereas the opponents decreased their points scored in the same 

situations, ceasing the effect at some point from the fifth to the tenth ball possession (i.e., the 

authors studied the previous and post 3, 5 and 10 ball possessions). This point is difficult to 

compare due to the different game development features of the game of handball and 

basketball, mainly associated with the duration of ball possessions (i.e., not limited time in 

handball vs. 24 seconds in basketball). Very interestingly, when dividing by the number of 

elapsed ball possessions (goals per possession), we can see that the obtained positive and 

negative effects decreases as the ball possessions go by. This trend suggests that the effect of 

team timeouts on teams’ scoring performance per ball possession in handball, both positive 

and negative, is greater as time is closer to the timeout, decreasing as the ball possessions are 

played. That is, the team timeout effect is maximum in the immediate term but decreases 

progressively in the short- and medium-term, although still significant in the post fifth timeout 

ball possession. As previously stated in literature (Duke & Corlett, 1992; Smisson, Burke, 

Joyner, Munkasy, & Blom, 2007), multiple causes might explain the timeout effects in team 

sports, although they are very difficult to isolate and quantify (Sampaio, Lago-Peñas et al., 

2013). These include strategic, technical, physical and psychological aspects to allow players 

to recover enough tactical, motor and mental control in order to regain the control of the game 

(Duke & Corlett, 1992; Kozar et al., 1993). In particular, the possible psychological 
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advantage gained by interrupting the opponents’ positive performance (e.g., due to the 

timeout break) has been suggested as a possible extra psychological empowerment that may 

change the interpersonal perceptions and influence the players’ physical and mental 

performances (Iso-Ahola & Mobily, 1980; Roane et al., 2004). However, theorists still appear 

to be divided on whether this concept is real or fictitious, based on the lack of consistent 

evidence regarding the relationship between perceived momentum and actual performance 

(for a comprehensive review, see Crust and Nesti (2006)). In fact, experimental studies 

showed evidence that perceptions of negative momentum lead to performance improvement 

(e.g., Stanimirovic & Hanrahan, 2004). In a recent study, Moescha et al. (2014) found no 

significant signs for momentum in female elite handball games, with some of them even 

showing signs for anti-momentum, but uncovered that five-minute periods of momentum 

happen in nearly 75% of all games, leading to the hypothesis that handball players base their 

belief in momentum on short-term periods. This finding is very interesting and opens a door 

to investigate if the experience of short time breaks in the game, such as team timeouts, is 

perceived by the players as an indicator of momentum during the game. 

 Surprisingly and contrary to what it was hypothesized, the results showed no 

significant effects on the teams’ scoring performance according to the match status, game 

location and quality of opposition, neither for the teams that called the timeout nor for the 

opponents. These results are consistent with those obtained by Sampaio, Lago-Peñas et al. 

(2013) in basketball. Hence, it may be suggested that in handball close games, the scoring 

performance of two opposing teams after a team timeout is similarly affected by match status, 

game location and quality of opposition. This result is very intriguing and different from 

much research highlighting the influence of situational variables in team sports performance 

(e.g., Gómez, Lago-Peñas et al., 2013; Sampaio et al., 2010). In this connection, it has been 

suggested that the adjusted competitive level existing in close games could mask the effect of 
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these situational variables, although research on this point is still inconclusive (Gómez, 

Lorenzo et al., 2013; Oliveira et al., 2012;). With respect to the game period, significant 

positive effects were found for the teams that called the timeout in the periods comprising the 

first 20 minutes of each half of the game, associated to an increase in the goals scored. This 

may mean that early game periods are the best for team timeout calling. Nevertheless, the 

internal logic of the game suggests that some of the team timeouts should be saved for the 

final phases of each half of the games. In this line, Bar-Eli et al. (1990a) stated that the final 

phase of handball game is the most critical. Conversely, in basketball, periods at the 

beginning of the games have been also identified as critical moments (Sampaio et al., 2010), 

thus opening new avenues for future research in handball. 

 In summary, the current results suggest that in elite handball calling a team timeout 

has positive effects on the scoring performance of the teams that call the timeout, coupled 

with negative effects on the goals scored for their opponents. The influence of situational 

variables is only reflected in relation to certain game periods. From a practical perspective, 

handball coaches could apply these findings for a better team timeout management. In this 

sense, coaching decision-making in dynamic environments such as team timeouts calling 

during handball games, represent an important skill for coaches to undertake the most 

appropriate coaching decisions (Horton et al., 2005; Debanne et al., 2014). Future research 

could investigate the team timeouts effects from this time-dependent dynamic perspective in 

other handball competitive contexts (other leagues, international championships, women’s 

handball) and contrast them with the present results. Furthermore, adapting this type of study 

to other sports where timeouts are granted is potential work for the future.  
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6.3. Discussion study 3: Players’ exclusions effects on the teams’ scoring 

performance in elite handball close games 

 The objectives of this study were to identify the game contexts in which exclusions are 

sanctioned in handball and to analyze the temporal effects that this critical event of the game 

may have on the scoring performance of the two opposing teams. The study analyzed elite 

handball close games and incorporated match status, game location, quality of opposition and 

game period situational variables into the analysis in order to assess their potential interactive 

effect within these situations. As was argued, the exclusion of a player constitutes a critical 

moment in a handball game that leads to a 2-minute numerical superiority for the opponent, 

from which is expected to take an important advantage. However, these good performance 

expectations can add pressure to the players and decrease their performance by factors such as 

stress, anxiety, and choking.  

 The distribution of the exclusions with respect to the game period suggests that 

players’ aggressiveness, and therefore the number of exclusions that are sanctioned, increases 

as the game progresses throughout the initial 20 minutes. These findings are consistent with 

the previous study by Mátéfi (2013). In this sense, the initial phases of the game are those in 

which the players commit their first fouls, thus, fouls that would normally lead to a 2-minute 

suspension in latter periods of the game are usually limited to a warning. The results showed 

that most of the exclusions were sanctioned within the period comprising the last 10 minutes 

of the first half and the first 10 minutes of the second half, figures that decreased in the last 20 

minutes of the game. The fact that handball regulations establish that fouls that warrant a 

personal punishment should normally be penalized progressively (IHF 2010, rule 8:3) could 

help to explain these findings. Furthermore, the fear of a disqualification by the players (red 

card, IHF 2010, rule 16:6) as a consequence of a third exclusion could lead us to think that 
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players will commit less aggressive fouls in the final periods of the game, hence a fewer 

number of exclusions will be sanctioned.  

 However, the results showed that the percentages of exclusions sanctioned in the last 

20 minutes were close to those registered in the central periods of the game (43.21% vs. 

35.00%). As was argued by Mátéfi (2013), some players may become over excited in the final 

phase of handball close games when they feel the pressure that a minor error can be decisive. 

Thus, this fact may lead them to commit very aggressive fouls that carry to a 2-minute 

suspension. In this sense, some authors have identified the end of a game as the most critical 

phase in team sports (Bar-Eli & Tracinsky, 2000; Kozar et al., 1993), although research on 

this point is still inconclusive. In handball, high psychological vulnerability has been found in 

the end phase of the game (Bar-Eli et al., 1990a). These same authors found that rule- and 

norm-violations (i.e., fairness and sanctions) are indicative of psychological crisis among 

players, mainly associated with the degree of the violation (more or less severe) and the 

response of the referees, whether they respond or ignore the infringement (Bar-Eli, 

Tenenbaum, & Elbaz, 1990b). Performing this type of study in the particular case of handball 

exclusions would be very interesting future work in order to examine the psychological 

players’ perceptions when they are penalized with a 2-minute suspension. Furthermore, end-

game fatigue could contribute to explain these results due to the player’s decline in physical, 

technical and decision making skills (Póvoas et al., 2014). Hence, players might perform 

poorer defensive actions with the consequent risk of committing untimely fouls with greater 

physical risk to the opponent, which are more likely to be penalized with a 2-minute 

exclusion. 

 Regarding match status, the results suggest that the fact the teams are winning or 

losing the game at the time the exclusion is sanctioned does not provoke that more aggressive 
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fouls are committed (e.g., or, at least, that no more exclusions are penalized). This could be 

directly related to the particular characteristics of close games, in which the score progresses 

tightly throughout the game, making the teams play hard and intensely all the time to try to 

achieve the final victory. This finding is interesting and opposed to previous published 

research in football that suggest that players perform with less intensity when winning than 

when losing (Lago, Casais, Dominguez, & Sampaio, 2010; O’Donoghue & Tenga, 2001). 

However, it is difficult to compare findings because football is a low-scoring team sport and 

handball a high-scoring one. Therefore, conducting new studies on handball when analyzing 

different game-related statistics in different score-line situations, in particular in relation to 

the exclusions that are sanctioned, constitutes a possible line of future research. On the other 

hand, the fact that very few exclusions are punished when the game is tied might be related to 

the team’s fear of conceding a goal and losing the situation of equality, which could make the 

players defend in a less aggressive way.  

 With respect to game location, the results suggest that playing at home or away is not 

a determinant factor in the number of exclusions that are penalized in handball close games. 

These results are consistent with those obtained by Lago-Peñas et al. (2013) in a sample of 

240 games from 2012/2013 Spanish ASOBAL League. This is very interesting and opposes 

previous studies in which an increased number of fouls and disciplinary sanctions were found 

for the away teams (Nevill, Balmer, & Williams, 2002; Thomas, Reeves, & Smith, 2006). 

Referee bias in favor of the home team has been identified as one of the possible factors 

influencing home advantage in multiple team sports (for a comprehensive review, see 

Jamieson (2010)), which is thought to be a consequence of home crowd support, although this 

has not yet been well characterized (Pollard, 2008). From among the possible explanations 

given, big home crowd noise has been reported as one of the most plausible causes to provoke 

more reckless behaviors (i.e., real fouls) in away players and to influence the referee into 



Discussion 

110 

 

believing that the players of away teams commit more fouls (i.e., perceived fouls) (Nevill, 

Newell, & Gale, 1996). In this sense, conducting studies in which the crowd size is taken into 

account when analyzing the incidence of exclusions on handball is potential work for the 

future.  

 As could be expected, the results of the multiple linear regression analysis showed that 

the teams that suffered the exclusion of a player decreased their scoring performance in the 

immediate- (1min), short- (2–3min) and medium–term (4–5min) during the period within the 

five-minutes after the exclusion was penalized, coupled with increments of the same 

magnitude for their opponents’ scoring. That is, as was hypothesized, the teams with 

numerical superiority took advantage of the 2-minute suspension of the opponent’s team 

player (numerical inferiority) and improved their scoring performance. These effects 

increased throughout the 2-minutes suspension time and stabilized from the third to fifth 

minute after the exclusion was sanctioned (i.e., from the first to third minute after the penalty 

time expires). Two main issues could contribute to explain this finding. On the one hand, it 

could be directly related to the fact that the team with numerical superiority starts the 2-

minute suspension time (re)gaining the possession of the ball with a free-throw (unless a 

penalty 7-meter-throw is penalized), so presumably a long possession of the ball will be 

conducted by their players to prepare a good situation for shooting (always alert to possible 

passive play; IHF 2010, rule 7). Hence much time of the 2-minute exclusion will elapse. On 

the other hand, the team with numerical inferiority, when in possession of the ball (e.g., after 

conceding a goal), will try to play a very long possession in order to recover the suspended 

player during the attacking move.  

 However, the magnitudes of these scoring increments (decrements) in the immediate-, 

short- and medium-term were relatively small in relation to what we might expect from a 2-
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minute numerical playing superiority (inferiority), although there are no other published 

studies for comparison. As was argued, the main theoretical arguments that can be given are 

that in these situations players in defense have a psychological advantage over the attackers, 

who play under pressure of high performance (scoring) expectations by attacking against one 

less player, together with their fear of conceding a goal when in numerical superiority. 

Furthermore, defending players often use a very intense, aggressive and deep game when in 

numerical inferiority, trying to obstruct the combinations of the attackers with a choking and 

trapping defense to cut off passing lanes and suffocate the opponent in possession of the ball. 

In this connection, poor performance in situations where good performance is expected (e.g., 

the 2-minute numerical superiority after an exclusion) is known in the field of psychology as 

choking under pressure. This term was introduced by Baumeister (1984) to denote 

performance decrements in situations where the importance of a good performance is high. 

When under this kind of pressure, people (players) usually perform worse than could be 

expected, although the motivation to perform better is higher (Jong, 2011). Two main classes 

of theories have been proposed to explain this paradoxical performance effect (DeCaro et al., 

2011). On the one hand, distraction theories hold that choking happens because task-irrelevant 

thoughts and worries divert attention to the task. On the other hand, explicit monitoring 

theories argue that pressure situations lead individuals to attend closely to skill processes in a 

way that deflects attention from the execution. In the particular case of sports sciences, there 

can be tremendous value in incorporating the analysis of choking under pressure when 

examining team sports performance, specifically when examining close games and particular 

stressful situations of the game (e.g., exclusions). 

 Finally, and contrary to what it was hypothesized, the results showed no significant 

effects on the teams’ scoring performance when taking into account match status, game 

location, quality of opposition, and game period as game situational variables, neither for the 
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teams that suffered the exclusion of a player nor for the opponents. This is very intriguing and 

contrary to expected from extensive research in team sports pointing out the significant 

effects that situational variables have on teams’ and players’ performance (Gómez, Lago-

Peñas et al., 2013). The results suggest that the effects of exclusions on the scoring 

performance of handball teams when playing close games are not affected by these situational 

game constraints, which in any case condition or alter its effects as could be expected a priori. 

Very interestingly, research has suggested that the adjusted competitive level between the two 

opposing teams when they play close games could mask the effect of situational variables, 

although more studies are needed in this area (Gómez, Lorenzo, et al., 2013; Oliveira et al., 

2012). In any case, this does not mean there is no need to account for situational variables 

when assessing the effects that exclusions may have on handball performance. On the 

contrary, considering the potential interactive effects of situation variables when assessing 

sports competitions is fundamental to improve and enhance knowledge on sports performance 

(Gómez, Lago-Peñas et al., 2013). 

 The main conclusion of this study is that when exclusions are sanctioned in handball 

close games, the opponent teams take advantage of the numerical superiority and improve 

their scoring performance and that this is not affected by match status, game location, quality 

of opposition, and game period as game situational variables, although the scoring increments 

are smaller than might be expected from a 2-minute numerical playing superiority. 

Psychological theories such as choking under pressure situations where good performance is 

expected could contribute to explain this point. Therefore, specific player’s psychological 

training must be oriented to deal with these situations. Furthermore, handball coaches should 

design specific practice tasks simulating the different possible exclusions scenarios (i.e., 

numerical superiority, numerical inferiority, or numerical equality -simultaneous exclusions-) 

in order to improve their players’ individual and collective behaviors when in these critical 
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situations of the game. In addition to the future research directions proposed throughout the 

discussion, exploring the effects that exclusions may have on teams’ scoring performance 

from this dynamic time-dependent perspective in other handball competitive contexts, and 

contrasting them with the present results, is potential work for the future (e.g., women’s 

handball, other leagues, international championships). Moreover, adapting this type of study 

to other sports in which temporary exclusions are penalized (e.g., water polo, hockey, ice 

hockey) would be of great value. 
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 In this section, we enumerate the main conclusions of the three studies that compose 

the core of this thesis: 

7.1. Conclusions study 1: Game-scoring coordination in elite handball close games. 

7.2. Conclusions study 2: Team timeouts effects on the teams’ scoring performance in 

elite handball close games. 

7.3. Conclusions study 3: Players’ exclusions effects on the teams’ scoring 

performance in elite handball close games. 
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7.1. Conclusions study 1: Game-scoring coordination in elite handball close games 

i. In the first stage of the analysis, the results of the autocorrelation and cross-correlation 

functions showed very positive correlation values for all the groups of teams in all the 

game contexts (High vs. High; High vs. Low; Low vs. High; Low vs. Low), both 

when they played at home or away, without significant differences between them.  

ii. In the second stage of the analysis, we found different game-scoring coordination 

patterns between the teams. In particular, the phase relations revealed strong in-phase 

modes of coordination for all the contexts (High vs. High; High vs. Low; Low vs. 

High; Low vs. Low), without significant differences between them.  

iii. The results showed a clear increasing game-scoring coordination behaviour as the 

game progressed. In particular, the 20 first minutes of the game showed a significantly 

lower coordination (i.e.., great variability within the game-scoring patterns) compared 

to all the other game periods.   
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7.2. Conclusions study 2: Team timeouts effects on the teams’ scoring performance in 

elite handball close games 

i. An increasing trend in the team timeout request was revealed as the game progressed 

throughout each of it halves. In particular, the majority of timeouts were requested by 

the teams during the last 10 minutes of each half of the game.  

ii. With respect to the match status, all the timeouts requested in the first 10 minutes of 

the game were called by the teams when they were losing, a trend that decreased as the 

game progressed in in each of its halves. In particular, in the last 10 minutes of each 

half, the number of timeouts showed a quite even distribution between a losing and a 

winning context for the teams that called the timeout. 

iii. The results revealed positive effects on the scoring performance for the teams that 

called the timeout, coupled with negative effects for the opponents scoring. When 

dividing by the number of elapsed ball possessions, the results showed that these 

effects (either positive or negative) decreased as the ball possessions went by.  

iv. Significant positive effects were found for the teams that called the timeout in the first 

20 minutes of each half of the game, associated to an increase in the goals scored.  
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7.3. Conclusions study 3: Players’ exclusions effects on the teams’ scoring performance 

in elite handball close games 

i. The majority of exclusions were sanctioned in the game periods between the 20
th

 

minute and end of the game.  

ii. Regarding match status, the results showed a very low number of exclusions when the 

game was tied. Furthermore, the results showed that the fact the teams were winning 

or losing the game did not provoke that more aggressive fouls were committed (e.g., 

or, at least, that no more exclusions were penalized).  

iii. With respect to game location, the results showed that playing at home or away was 

not a determinant factor in the number of exclusions that were penalized. 

iv. The results showed that teams that suffered the exclusion of a player decreased their 

scoring performance in the immediate- (1min), short- (2–3min) and medium–term (4–

5min), coupled with increments of the same magnitude for their opponents’ scoring. 

These effects increased throughout the 2-minutes suspension time and stabilized from 

the third to fifth minute after the exclusion was sanctioned (i.e., from the first to third 

minute after the penalty time expires). However, the magnitudes of these scoring 

increments (decrements) were relatively small in relation to what we might expect 

from a 2-minute numerical playing superiority (inferiority).  

v. The results showed no significant effects on the teams’ scoring performance when 

taking into account match status, game location, quality of opposition and game 

period, neither for the teams that suffered the exclusion of a player nor for the 

opponents. 
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 In this section, we enumerate the main practical applications of the three studies that 

compose the core of this thesis: 

8.1. Practical applications study 1: Game-scoring coordination in elite handball close 

games. 

8.2. Practical applications study 2: Team timeouts effects on the teams’ scoring 

performance in elite handball close games. 

8.3. Practical applications study 3: Players’ exclusions effects on the teams’ scoring 

performance in elite handball close games. 
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8.1. Practical applications study 1: Game-scoring coordination in elite handball close 

games 

i. With the aim to achieve the highest control of the game during its initial phases and to 

obtain the greatest possible difference in the score, or at least the minor disadvantage 

compared to the opponent, training aspects (physical, technical, tactical, and 

psychological) should focus on the specific preparation of the first 20 minutes of the 

games, always without forgetting the other phases of the game. 

ii. Coaches should focus on designing multiple practice tasks containing informational 

constraints or affordances that simulate the potential observed scenarios that can occur 

within the initial 20 minutes of the game, where big differences in the scoreboard are 

given, both in favor and against the teams.  

iii. Specifically during game development, coaches should consider using special tactics, 

managing players’ substitutions, and calling team timeouts to try to improve the 

performance of their teams in the initial phases of the game. 

iv. Within the subsequent analysis of the games with their players, coaches should pay 

special attention to the initial stages of the game with the aim of identifying successes 

and mistakes and thus give a feedback to try and enhance players’ performance in 

these situations in the future. 

v. Elite handball team technicians could apply the methodology described in this study to 

conduct specific analysis of their teams’ and opponents’ game-scoring patterns in 

order to decipher the particular scoring dynamics of each individual team more 

precisely. This information could be very useful for specific games preparation by 
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coaches, such as games against direct competitors, international competitions, game 

finals, play-offs, etc. 

vi. Incorporating the use of real-time multiplayer video-based tracking systems to the 

analysis of the scoring processes of the two opposing teams could help to identify the 

actions of the players that unleash specific patterns of scoring in the game. Later 

analysis of these actions with the players may be useful to improve their performance 

in these specific situations. 
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8.2. Practical applications study 2: Team timeouts effects on the teams’ scoring 

performance in elite handball close games 

i. Handball coaches should design practice tasks simulating different competitive 

environments for a timeout request, trying to define specific tactics and/or plays to 

perform after the game stoppage in all the possible game contexts. 

ii. Teams should train the timeout content with the aim of establishing the most direct 

and effective communication among coaches and players.  

iii. Specifically during timeouts, coaches should remind their players about specific 

trained moves and/or tactics for each game context, focus on strategy for upcoming 

play and/or give individual instructions to their players. 

iv. Within the subsequent analysis of the games, coaches and team technicians should 

examine each team timeout in order to assess their effectiveness and try to improve it 

for upcoming games.  
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8.3. Practical applications study 3: Players’ exclusions effects on the teams’ scoring 

performance in elite handball close games 

i. Coaches should design specific training tasks simulating the different possible 

exclusions scenarios (i.e., 2-minute numerical superiority, numerical inferiority, or 

numerical equality -simultaneous exclusions-) in order to improve their players’ 

individual and collective behaviors when in these critical situations of the game. In 

particular, coaches should try to define specific plays for these situations, both in 

attack and defence (e.g., at the end of the training we prepare a specific task: we are 

playing away, last 5 minutes of the game, the match status is losing by 1 goal, we play 

2-minutes power-plays). 

ii. In particular, specific player’s psychological training must be oriented to deal with all 

the situations that can occur after the exclusion of a player (i.e., numerical superiority, 

numerical inferiority, or numerical equality -simultaneous exclusions-). 

iii. Specifically during game development, coaches should remind their players about 

specific trained moves (i.e., defensive behaviours) for each exclusion game context. 

iv. Also during the game development, coaches could manage the players’ substitutions 

and timeouts to handle with the different game exclusion contexts. 

v. Subsequent game analysis should specifically examine each game exclusion situation 

in order to improve future players’ and teams’ performance. 
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 The main limitations of the present thesis are related to the fact that we have only 

analyzed the season 2011-2012 of men’s Spanish Professional Handball League (ASOBAL 

League), in particular only close games. This leads to several possible future research 

directions.  

 In general terms, future research could: 

i. Investigate other specific game contexts, such as balanced and unbalanced games and 

compare the results with those obtained when analyzing only close games. 

ii. Conduct the studies developed in the present thesis in other handball competitive 

contexts and compare them with the present results. These include: other men’s 

professional handball leagues, club international competitions, European 

Championships, World Championships, and Olympic Games.  

iii. Use samples from women’s handball with the aim of identifying possible differences 

between male and female handball players’ performance in the analyzed situations. 

iv. Use samples from youth handball in order to identify potential differences between 

professional and grassroot handball in the studied competitive contexts. 

v. Focus the analysis on disabled sports such as wheelchair handball competitions. 

 More specifically, with respect to the game-scoring coordination study (study 1), 

future research could: 

i. Include the appearance of critical events of the game in the analysis of the game 

scoring coordination patterns (e.g., penalty, shots on goal, fouls or turnovers) in order 

to identify possible changes in the scoring dynamics of the teams due to these events. 
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ii. Adapt the analysis to other high scoring team sports (e.g., basketball, volleyball). 

With respect to the effects of team timeouts (study 2), future research could: 

i. Investigate if the experience of short time breaks after a team timeout is perceived by 

the players as an indicator of momentum during the game. 

ii. Analyze the contents of different coaches’ interventions during team timeouts in order 

to identify their possible specific influence on teams’ subsequent performance. 

iii. Adapt this type of study to other team sports where timeouts are granted (e.g., water 

polo, ice / field hockey, volleyball, American football). 

With respect to players’ exclusions effects (study 3), future research could: 

i. Analyze the specific cases of simultaneous exclusions. 

ii. Examine the psychological players’ perceptions when they are penalized with a 2-

minute suspension. This could include the analysis of choking under pressure 

situations where good performance is expected (e.g., high performance expectations 

by attacking against one less player after the exclusion). 

iii. Analyze the effects of players’ exclusions on handball game-related statistics in 

different score-line situations. 

iv. Take into account the crowd size when analyzing the incidence of exclusions in elite 

handball games. 

v. Adapt the study to other sports in which temporary exclusions are penalized (e.g., 

water polo, ice / field hockey). 
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 Lastly, the inconsistency of some of the results of the present thesis with previous 

research also suggests further investigation. In particular, further research needs to explore the 

possible specific causes that lie behind no significant impact (or at least little impact) of 

match status, game location, quality of opposition, game period, and their potential interactive 

effects in the conducted studies, contrary to what was expected from extensive previous 

literature. 
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