
INTRODUCTION 

R eview question / Objective How has 
network analysis been used to understand 
variability and behavioural patterns in 

professional football? 

Rationale Recent studies have examined the 
behaviour of professional football teams as 
dynamic, complex, and unpredictable systems 
(Vilar et al., 2012; Glazier, 2015; Couceiro et al., 
2016; Assunção et al., 2022; Martins et al., 2021; 
Novillo et al., 2024). In this context, social network 
analysis (SNA) has emerged as an innovative 
approach, enabling the identification of emergent 
patterns derived from player interactions and 
connectivity (Passos et al., 2011; Gama et al., 
2014, 2015, 2016; Alves et al., 2025). This 
methodology allows for the assessment of 
performance at both the individual (micro-level 
analysis) and collective (macro-level analysis) 
levels (Silva et al., 2019; Assunção et al., 2022), 
characterizing cooperation among players in 
competitive settings (Clemente et al., 2014, 2015; 
Gama et al., 2014, 2015; Alves et al., 2025).


Network analysis in football serves as a critical tool 
to identify key players and understand team 
tactical organization through the application of 
metrics and mathematical models that reveal 
significant behavioural patterns (Gama et al., 2015, 
2016; Gonçalves et al., 2017; Passos et al., 2011). 
Furthermore, understanding variability and 
behavioural patterns in this sport is essential to 
unravel its intrinsic complexity as a dynamic 
system (Garganta, 2001, 2005; Araújo, 2006; 
Passos et al., 2006; Gama et al., 2025). Players 
continuously adapt their actions in response to the 
game’s changing conditions, generating individual 
and collective patterns that directly influence team 
performance (Marcelino et al., 2020; Gama et al., 
2017, 2020, 2025). Thus, continuous interaction 
characterizes football as a nonlinear system, 
endowing players with an inherent capacity for 
adaptation (Garganta, 2005; Passos et al., 2006; 
Araújo, 2006). Within this framework, identifying 
and analysing these patterns is paramount for 
coaches to develop more effective strategies, 
fostering collective synchronization and securing 
competitive advantages (Raab, 2007; Gama et al., 
2017, 2020, 2025).
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Regarding existing systematic reviews, the work of 
Caicedo-Parada et al. (2020) stands out, 
examining tactical factors associated with in-game 
actions through network analysis. However, this 
study presents notable limitations: (i) it restricted 
its search to the Web of Science, potentially 
omitting relevant evidence from other databases; 
(ii) while it mentions PRISMA guidelines, it lacks 
detailed documentation of the selection, screening, 
and independent data extraction processes—
critical elements to ensure methodological rigor; 
and (iii) its focus on tactical factors overlooks an 
in-depth analysis of variability and behavioural 
patterns, which are essential to understanding 
team dynamics and adaptability.

To address these gaps, this systematic review 
adopts a robust methodology, including: Searches 
across multiple databases; Explicit inclusion/
exclusion criteria; Independent screening by two 
reviewers; Standardized data extraction.

Its primary objective is to examine how network 
analysis has been employed to study variability 
and behavioural patterns in professional football, 
providing a comprehensive and detai led 
perspective on this methodological approach.

This review is particularly relevant to: Consolidate 
existing knowledge; Identify methodological trends 
and gaps; Contribute to refining analysis and 
intervention strategies in professional football. 

Condition being studied This systematic review 
focuses on the context of professional football, a 
complex sport where the interaction between 
players and teams is fundamental to competitive 
performance. Professional football involves real-
time technical and tactical decisions, which result 
in dynamic and variable individual and collective 
behaviour patterns during matches.

The interest of this review lies in the use of network 
analysis as a tool to understand passing variability 
and individual and collective behavioural patterns 
in professional football teams. These factors are 
crucial for interpreting strategies, the organisation 
of the game, and the adaptability of teams to 
different playing contexts, and can directly 
influence performance and competitive results. 

METHODS 

Search strategy A search was conducted in five 
databases: Web of Science Core Collection, 
Scopus, SPORTDiscus, PubMed, and SciELO. The 
terms (“player*" OR “team*" OR "football*” OR 
"soccer”) AND ("network analysis" OR "social 
network analysis" OR "passing network") AND 
("passe*" OR "variability" OR "team behavio$r*” 
OR "collective behavio$r" OR "team pattern*") 

used were searched for in the titles, abstracts and 
keywords. 

Participant or population Studies that analysed 
professional football teams and professional 
football players will be included. 

Intervention The intervention evaluated in this 
review is the application of network analysis as a 
methodological tool to study the variability and 
individual and collective behaviours in professional 
football teams. This includes the use of passing 
networks, social network analysis and graph 
theory to map and interpret individual and 
collective patterns and relationships during the 
match. 

Comparator Not applicable. This review does not 
require a direct comparator, as the objective is to 
describe and understand how network analysis 
has been used, rather than to compare different 
interventions or methods. 

Study designs to be included This review will 
include:Empirical studies (e.g., observational, 
case-control, cohort) analysing football teams 
using network metrics.Experimental/intervention 
studies assessing tactical or behavioural 
variability.Simulation/modeling studies employing 
network approaches.Exclusions: Reviews, 
commentaries, and studies without quantitative 
network analysis. 

Eligibility criteria The inclusion of articles in this 
review was guided by the following criteria: (i) 
articles published between January 1, 2010, and 
June 15, 2025; (ii) studies written in English and 
Portuguese; (iii) studies published in peer-reviewed 
scientific journals; (iv) availability of the full text; (v) 
investigations that used network analysis (e.g., 
passing networks, graph theory, social network 
analysis); and (vi) studies conducted with 
professional or elite football teams or players.

The choice of these languages and time frame 
ensures the inclusion of current and relevant 
studies from regions with strong scientific 
production in the field. Grey literature (such as 
theses, reports, or conference proceedings) was 
excluded, as the objective was focused on 
published and validated empirical evidence. The 
exclusive inclusion of full-text articles allows for 
rigorous critical analysis, minimizing the risk of 
incorrect interpretation. 

Information sources The electronic databases to 
be searched include Web of Science, Scopus, 
PubMed, SportDiscus, and Scielo. Additional 
sources may include manual searches of reference 
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lists from relevant articles. No contact with authors 
or trial registers is planned.


Main outcome(s) The main outcomes of this 
review are measures related to passing variability 
and behavioural patterns in professional football 
teams and players, including both individual and 
collective tactical and technical behaviours 
identified through network analysis. Effect 
measures will include descriptive statistics and 
network metrics reported in the included studies. 

Additional outcome(s) Additional outcomes may 
include methodological var iat ions in the 
application of network analysis and reported 
impacts on match performance or strategy 
interpretation, where available. 

Data management Records retrieved from 
database searches will be imported into reference 
management software (e.g. Mendeley) to eliminate 
duplicates. Tracking and data extraction will be 
carried out using standardised forms in Excel or 
similar software. All data will be stored securely 
and backed up. 

Quality assessment / Risk of bias analysis The 
qua l i ty o f the inc luded s tud ies wi l l be 
independently assessed by two reviewers using 
the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) checklist for 
cross-sectional studies, which is the most 
appropriate tool given the observational and 
predominantly cross-sectional design of the 
s tud i es expec ted to be i nc l uded . Any 
discrepancies between reviewers will be resolved 
through discussion or, if necessary, by consultation 
with a third reviewer. 

Strategy of data synthesis A synthesis of the 
studies will be carried out to understand how 
network analysis was applied, including its 
objectives, sample, methodologies, metrics used, 
and main conclusions related to variability and 
behavioural patterns.


Subgroup analysis If sufficient data is available, 
subgroup analyses can be carried out based on 
different levels of analysis (individual vs collective). 

Sensitivity analysis To achieve reliable results, the 
strategy will consider the potential impact of 
studies that have a high risk of bias and those that 
involve small sample sizes. Additionally, it will 
include the removal of outliers and the analysis of 
the effects of different statistical models, 
specifically comparing fixed effects and random 
effects. 

Language restriction Searches will be limited to 
studies published in English and Portuguese. 

Country(ies) involved This review is being 
conducted in Portugal. Authors may have 
affiliations in Portugal and other countries. 

Other relevant information This systematic 
review protocol will be registered with INPLASY. 
The review aims to provide a comprehensive 
overview of how network analysis has been 
applied in professional football, supporting future 
research and practical applications in sports 
science.


Keywords Football; Soccer; Player; Team; 
Network Analysis; Passing Network; Social 
Network Analysis; Passes; Variability; Team 
behaviour; Collective Behaviour; Team Pattern. 

Dissemination plans The results of this review will 
be submitted for publication in a peer-reviewed 
sports science journal and presented at relevant 
conferences. Summaries may also be shared with 
football coaching and analytics communities. 
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