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Abstract 

During the past decades, Constraint-led approach (CLA) has been become 

increasingly popular as a methodology in sports sciences to support athlete development 

and preparation for performance. More recently, there has been increasing interest in 

how athletes’ attunement to shared affordances guides the emergence of synergetic 

behaviours in sports teams. Given the growing amount of research information 

emerging, this study aimed to quantify and compare findings related to two key 

measures of synergy formation in sports teams, identified in contemporary research: 

dimensional compression and reciprocal compensation. A literature search was 

conducted for articles published until December 2018, on electronic databases PubMed, 

Scopus, EBSCO, SPORTDiscus, Web of Science, and Google Scholar. Inclusion 

criteria were defined before the selection process. From the selected articles we 

extracted information on: authors, year of publication, study design, study context, 

sample, sport, variables assessed, type of constraints manipulated, statistical methods, 

and main findings. The methodological quality of manuscripts was assessed using the 

Downs and Black checklist. A meta-analysis was performed using a random-effects 

model and subgroup analyses were conducted for the two potential moderators of 

dimensional compression and reciprocal compensation. A total of 47 and 24 studies met 

the inclusion criteria for systematic and meta-analysis, respectively. Results revealed 

that investigations tended to predominantly focus on evaluation of how manipulation of 

task constraints shape competitive behaviours of predominantly male football players 

during training. There was a higher level of heterogeneity across studies, possibly 

justified by diversity of metrics applied to assess players’ performance behaviours. 

Additionally, the level of research heterogeneity observed also supports the assumption 

that variable behaviours enhance the capacity of sports teams for adaptation. Publication 
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and inflation biases were observed in the literature, highlighting the need to adopt 

methods to avoid these systematic flaws in future investigations to prevent biased 

assumptions from existing evidence.  

Keywords: constraints-led approach, team synergies, quantitative review, team sports 

performance, practice learning designs, research methods 
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Introduction 

 Grounded on concepts of dynamical systems theory and ecological psychology, 

integrated in an ecological dynamics rationale (e.g., Chow, Davids, Button, 

Shuttleworth, & Araújo, 2007), the CLA seeks to understand how athletes and teams 

coordinate and adapt their behaviours under interacting task, individual, and 

environmental constraints (Davids & Araújo, 2005; Renshaw, Chow, Davids, & 

Hammond, 2010). Constraints are conceptualised as boundaries that shape the 

emergence of behaviour (Newell, 1986), facilitating opportunities for individuals to 

interact with the environment (i.e., affordances) (Gibson, 1979). Due to its ecological 

scale of analysis, the CLA is viewed as an athlete-environment centred approach 

(Renshaw et al., 2016). Generally, most studies using a CLA have focused on how 

manipulating  different task constraints shapes athletes’: (i) goal-oriented behaviours, 

(ii) decision-making, or (iii), collective behaviours in teams.  

Given the amount of information continuously emerging from studies of team 

sports performance adopting a CLA methodology, summaries of the main research 

findings are constantly needed to update our understanding. Thus, systematic reviews 

and/or meta-analysis are needed to provide an opportunity to estimate the magnitude of 

statistical differences reported across emerging studies.  

To exemplify, in a study of practice learning designs in team sports, Ometto et 

al. (2018) published a systematic review to investigate which task constraints have been 

most frequently manipulated when using small sided and conditioned games (SSCGs) 

during practice. Their review also reported the impact of such manipulations on 

emerging tactical behaviours, technical actions, and co-positioning between 

participants. They found that studies tended to manipulate only one or two constraints 

during training, most frequently involving changes in numerical relations between 
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players (overloading and underloading) and playing area dimension values. Although an 

important contribution, the study by Ometto et al. (2018) only included investigations of 

SSCG designs in training sessions and their participants were only footballers. In 

assessing decision-making, their analysis of experimental protocols implemented in past 

research revealed a repeated failure of practice designs to reproduce representative 

performance conditions. This issue was also highlighted by Travassos et al. (2013) in 

another meta-analysis examining effects of responses and methods of stimulus 

presentation when assessing decision-making expertise in sport. They concluded that 

representative task constraints seemed to be the most functional empirical protocols to 

enhance validity of data in research investigations. Despite the relevance of these 

studies, currently some pertinent questions remain unanswered concerning how the 

CLA has been applied in research on team sports. For instance, what types of samples 

have been largely examined? What study designs have been mainly utilised? Which 

study contexts (i.e., training or competitive performance environments) have been 

preferred? Which collective behaviours have been most frequently analysed? 

Within sports practice designs, collective behaviours in sports teams (i.e., team 

tactical behaviours) have been defined as synergetic behaviours (behaviours of the team 

or sub-groups in a team acting synergistically) (Araújo & Davids, 2016). These 

collective system behaviours emerge as a consequence of athletes’ perceptual 

attunement to shared affordances (individuals learning to pick up and use opportunities 

for action in the environments) (Silva, et al. 2013). According to Araújo and Davids 

(2016) team synergetic behaviours comprise four properties: (i) dimensional 

compression, (ii) reciprocal compensation, (iii) interpersonal linkage, and (iv), system 

degeneracy. Previous analyses of team synergetic behaviours have highlighted the 

significance ofdimensional compression (i.e., a process of decreasing dimensionality 
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which emerges through the increased coupling of hitherto independent degrees of 

freedom) and reciprocal compensation (i.e., adaptative behaviours of other athletes, 

when a teammate does not fulfil a function, in order to achieve a task goal) (Araújo & 

Davids, 2016; Beek & Daffertshofer, 2014; Latash, 2008). Many studies have 

investigated how constraints manipulation in learning design may affect player and/or 

team synergetic behaviours (e.g., Olthof, Frencken, & Lemmink, 2017; Silva et al., 

2016a; Travassos, Coutinho, Gonçalves, Pedroso, & Sampaio, 2018). However, to date, 

no systematic reviews with meta-analyses have emerged in the literature, considering 

how CLA concepts have been applied to the analysis of synergetic behaviours in sports 

teams. 

Thus, through a systematic review and meta-analysis process the purpose of the 

present study was to quantify and compare findings related to key properties of 

dimensional compression and reciprocal compensation in team sports, shaped by player, 

task, and environment constraints manipulations. We expected to draw evidence-based 

conclusions that may guide future academic investigations and coaching practice. 

 

Methods 

Data sources and search strategy 

A systematic review and meta-analysis were conducted in accordance with the 

recommendations outlined in the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) statement (Moher et al., 2015). An electronic literature 

search was undertaken for articles published up to, and including, December 2018, on 

the online databases PubMed, Scopus, EBSCO, SPORTDiscus, Web of Science, and 

Google Scholar.  The search terms, the search strategy and the respective results by 



7 
 

database are presented in Table 1. The reference lists of the selected articles were also 

screened for potentially suitable articles to include in the review.  

Then, titles and abstracts of retrieved articles were individually evaluated by a 

research team to assess their eligibility for review and meta-analysis. The reviewers 

were not blinded to the list of authors, the institutions or the journals of publication in 

the selected studies. Any disagreements on study selection were resolved consensually. 

The study abstracts that did not provide enough information according to the eligibility 

criteria stabilised were retrieved for full-text evaluation.   

This study was approved by the local Institutional Research Ethics Committee 

(CEFADE 26.2018) and followed the recommendations of the Declaration of Helsinki 

(1964). 

* please insert table 1 around here* 

 

Eligibility criteria  

After recommendations of Simmons, Nelson, and Simonsohn (2011), eligibility 

criteria and the type of variables under analysis were defined prior to the electronic 

search. In order to maintain quality assurance, and due to the possibility that reported 

data had not been put through an independent, expert peer-review process, conference 

abstracts, chapters, dissertations, and theses, were excluded from analyses. For the same 

reason, articles published in non-peer-reviewed journals and/or those without an 

indexed impact factor were also left out. Peer-reviewed studies were included taking 

into account the following criteria: (i) the article had to focus on theoretical concepts 

from a constraint-led approach (see Table 1) applied to the analysis of dimensional 

compression and/or reciprocal compensation properties, within a training or competitive 

performance context; (ii) the articles had to be empirical and use quantitative research 
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methods; and (iii), the article had to be written in English language with full-text 

available, and published in a journal with an indexed impact factor. In addition, no 

restrictions were placed on participants’ age, skill or gender. Finally, articles on both 

individual and team sports were included in the systematic review. However, due to 

unsuitable data formats, the meta-analysis only encompassed studies focused on team 

sports.   

 

Data extraction 

The systematic search yielded 47 studies and the following information from 

these was recorded: Authors' names, year of publication, study design (i.e., cross-

sectional or longitudinal), study context (i.e., training or competitive performance 

environments), sample characteristics, the specific sport context, variables assessed, 

type of constraints manipulated (i.e., task, athlete, and environment), statistical methods, 

and main findings.  

Specifically, we considered age and expertise level as athlete (organismic) 

constraints. Key moments of performance, the competitive performance environment 

per se, and match status were considered as environmental constraints. Finally, task 

constraints included team tactical variables, such as: number of targets used in training 

practices, numerical relations between players in SSCGs, small sided games formats, 

rules, field dimensions, and relative co-positioning among players. All data were 

tabulated in an Excel spreadsheet (Microsoft Corporation, Redmond, WA, USA) 

predesigned for this review. Studies which did not afford enough or appropriate 

information to conduct a meta-analysis were still assessed for methodological quality 

and reported in review summary table (see Appendix 1). 
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Study quality assessment  

The assessment of methodological quality of the studies included was completed 

through the validated Downs and Black checklist (Downs & Black, 1998). This scale 

offered us the possibility to emphasize the strongest and weakness points of each study 

under assessment, as well as to evaluate studies that did not report randomized control 

trials (Bento, 2014). The checklist encompasses 27 items that are intended to evaluate 

the reporting, validity, and statistical power of the published reports. Specifically, items 

1-10 refer to reporting, items 1-13 related to external validity, items 14-26 refer to 

internal validity, and item 27 regards to the statistical power. Study quality was 

classified as in the study of Grgic et al. (2018): categorised as ‘good quality’ if they 

scored 20-29 points, ‘moderate quality’ if they scored 11-20 points, and ‘poor quality’ if 

they scored < 11 points. 

 

Data Analysis 

The effect size measures for each variable identified were standardized through 

measures of mean and standard deviations, correlations coefficients, Cohen’s d values, 

and T-test values. Considering the methodological differences across studies (i.e., 

sample, statistical procedures) a random effect model was used as recommended by 

Field and Gillett (2010). The values of effect size were interpreted as >0.2 (small), >0.5 

(moderate), and >1.2 (large) (Cohen, 1988). 

The heterogeneity across the studies was assessed using Q-test and quantified 

through I
2
 statistics. The I

2
 is a quantitative measure of inconsistency across studies, 

which could be quantified as: homogenous (<25%), low (25%-50%), moderate (50%-

75%), and high (>75%) (Higgins, Thompson, Deeks, & Altman, 2003). Further, the 

estimation of publication bias was assessed through a rank correlation test (Begg & 
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Mazumdar, 1994), and Egger’s test (Egger, Smith, Schneider, & Minder, 1997). All the 

tests were set with a significance level of α < 0.05, and were 2 tailed, except for the 

bias-related tests, which were 1 tailed. The entire data set was transformed and 

computed in the Comprehensive Meta-Analysis software package, 2008 (BioStat, 

Englewood, New Jersey). 

 

Moderator variables 

Among the four synergetic properties discussed in the study by Araújo and 

Davids (2016), the properties of dimensional compression and reciprocal compensation 

have received the most investigative analysis in contemporary research. For that reason, 

we selected them as potential moderator variables during the subgroup analysis. In line 

with the recommendations of Araújo and Davids (2016), measures of geometric centre 

(or centroid, or weight centroid), stretch index (or relative stretch index), effective 

playing space (or surface area, or convex hull), team spread, team width, team length, 

and team length per width ratio were codified as dimensional compression properties 

(i.e., first moderator). The reciprocal compensation properties (i.e., second moderator) 

included measures of relative phase, cluster phase, and running correlations. 

 

Results 

Studies selection 

The search strategy described above yielded 769 articles through databases or 

other sources. Scanning the reference lists did not result in the inclusion of any 

additional studies. After duplicates were removed, 550 studies were excluded based on 

title or abstract. Full-text of the 192 remaining articles was assessed for eligibility, of 

which 47 were included in a qualitative review. Concerning the quantitative analysis, 
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only 24 studies met the inclusion criteria. The stages of the search and study selection 

process are presented in Figure 1. 

*please, insert figure 1 around here* 

Studies Characteristic 

The general characteristics of studies included in qualitative and quantitative 

analyses are summarised in Table 2. In the sample of manuscripts selected involving 

both types of analyses, it can be observed that the studies selected mainly implemented 

a cross-sectional design where commonly experimental protocols were applied within 

training environments. A prevalence for analysis of performance in samples of male 

participants was also observed and studies mainly focused on team sports of Football 

and Futsal, as well as Rugby Union, Basketball, and Tennis. Constraints related to 

practice task design were most frequently manipulated, followed by those in the 

environment and individual (organismic) categories.  

 

*please insert table 2 around here* 

 

Methodological Quality 

Both the systematic review and meta-analysis followed the same methodological 

quality trends. Thus, the average score on the Downs and Black checklist was 13 (range 

10-16). One study was assessed as methodologically poor, while the remaining 

investigations were evaluated as having moderate methodological quality. None of the 

studies included were classified as being of good methodological quality. Regarding the 

studies included in the meta-analysis, the average score was 13 (range 10-16). The 

general quality assessment scores of studies are presented in Figure 2.  
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Further analyses revealed the presence of publication bias, assessed by Begg’s 

(p=0.006) and Egger’s (p=0.03) tests. 

 

*please insert figure 2 around here* 

 

Meta-analysis of outcome measures 

The meta-analysis results regarding assessment of team synergetic properties are 

presented in Table 4. The I
2
=99.743% (p=0.000) measure indicates the presence of 

significative and higher levels of heterogeneity between studies, which was confirmed 

by analysis of the forest plot (see Figure 3).  

 

*please insert table 4 and figure 3 around here* 

 

Meta-analysis of subgroup analysis 

Table 5 shows that moderator variables selected are significant (p=0.03), 

indicating that these were suitably selected. However, the heterogeneity values 

remained significantly higher (I
2
=99.753%), meaning that the differences across studies 

(i.e., differences in analyses of teams’ synergetic behaviours) are not fully explained by 

each these two synergetic properties (dimensional compression and reciprocal 

compensation). Following the recommendations of Field and Gillett (2010), an 

additional exploratory analysis of heterogeneity was performed with the purpose of 

finding other moderators variables which could possibly explain the higher 

heterogeneity values. Accordingly, the  geometric centre values in teams studied in the 

sport of Football were analysed due their frequency of analysis in the sample. However, 

we did not observe decreases in heterogeneity values. 
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*please insert Table 5 around here* 

 

 

 

Discussion 

  The present study aimed to quantify and compare research findings related to 

dimensional compression and reciprocal compensation synergetic properties in team 

sports, considering player, task, and environment constraints. Overall, typically cross-

sectional design studies were used in the literature to explore how the manipulation of 

different task constraints may affect the tactical behaviours of male players’ and/or 

teams within training sessions. A higher level of heterogeneity (i.e., higher variability) 

across studies selected for meta-analysis was observed, mainly due to the diversity of 

methodological and statistical procedures used. Given the huge amount of information 

collected, our discussion of main findings was structured to selectively consider several 

key issues. 

(i) Issues about study designs and contexts 

Results indicated that cross-sectional designs (n=45) were the most frequently used. 

Corroborating the results reported by Ometto et al. (2018), few longitudinal studies 

(n=2) were found, possibly due to the difficulties in collecting data across several 

occasions in team training schedules (Caruana, Roman, Hernández-Sánchez, & Solli, 

2015). In general, longitudinal studies where collective behaviours were explored 

focused their analyses on team coordination movements, showing that: (i) team 

movements are grounded on the formation of synergies between players (Silva et al., 

2016a), and (ii), as the variability of contextual performance situations increased, speed 
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of team coordination decreased (Gonçalves et al., 2018a). However, as suggested by 

Silva et al. (2016a), to develop understanding of team collective behaviours, future 

research also requires an analysis of team asymmetric movements, since they may 

represent a specific team strategy. 

 Concerning study contexts, when compared to those undertaken in the 

competitive performance environment (n=12), almost three times the number of studies 

were conducted within training contexts (n=35). In fact, as argued by Carling, Reilly, 

and Williams (2009), information obtained from observation of performance in the 

competitive performance environment, forms one of fundamental bases for designing 

weekly training programs. Particularly the evidence from previous competitive matches, 

could be extremely useful to build specific, representative learning scenarios in training, 

resulting in different constraints manipulation, according to the needs of individual 

players or sub-groups in the team. Furthermore, most investigations of team 

performance in training sessions have failed in explain: (i) why different constraints 

manipulations were integrated and implemented in practice, and (ii), what individual or 

collective problems (i.e., technical, tactical, etc.) were targeted (Correia et al., 2012; 

Gonçalves et al., 2017b). Usually such protocols are implemented during a small part of 

the training session, without the provision of information about occurrences in the other 

parts of training sessions (Esteves et al., 2012; Silva et al., 2014a).  

(ii)  Issues about sample and sport 

Typically, samples of male team games players (n=39) were investigated, with only 

one study integrating females and males within the same sample. This seems to 

represent a gender bias that is intrinsic in sport science research on team games 

performance at the moment, which needs to be corrected by an increase in 

investigations of effects of constraints manipulations on female team games players. 
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This is especially important given the continuing rise in popularity of women's 

competitions in many team games like Association Football (soccer) and Rugby Union.  

In addition, physical and maturational differences between girls and boys of 

different age groups in samples (Cumming, Standage, Gillison, & Malina, 2008; Ramos 

et al., 2018) could lead to variations in responses to constraints manipulations during 

practice. This effect should be taken into consideration by practitioners in the design of 

learning tasks. Children should not be treated as 'mini-adults' in preparation for sport 

performance. 

(iii) Issues about type of constraints manipulated 

In agreement with the outcomes of studies by Aguiar, Botelho, Lago, Maças, and 

Sampaio (2012) and Ometto et al. (2018), our results depicted that the most typically 

manipulated constraints were related to the specific task undertaken (n=33), followed by 

environmental (n=12) and organismic (athlete) (n=12) constraints. Specifically, the 

most frequently manipulated task constraints were related to playing area dimensions 

(i.e., pitch size and practice spaces), numerical relations between players in different 

teams (i.e., using equal and unequal numbers of players in competing teams), and the 

imposed rules of practice matches. The studies where playing dimension and space were 

manipulated revealed that larger playing areas promoted: (i) higher variability in player 

movements (Silva et al., 2014c), (ii) more opportunities for creating overloads (gaining 

numerical advantage) (Silva et al., 2015), (iii) higher levels of physical performance 

(Olthof et al., 2017), as well as (iv), an elongated team playing shape (Silva et al., 

2014a). Moreover, studies focusing on the role of manipulating player numbers 

involved in SSCGs suggested that numerical relations between teams clearly 

constrained intra-team coordination, mainly in situations of numerical disadvantages 

between competing teams (Silva et al., 2014b; Travassos, Vilar, Araújo, & McGarry, 
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2014b). Finally, Silva et al. (2014a) found that players and teams self-organized 

according to the specific game rules applied during SSCGs.  

 There are two reasons behind the significant research interest in manipulating 

task constraints. First, there is a consensual idea that breaking the full game into smaller 

phases or tasks (for instance, practising technical or tactical tasks within a specific game 

sub-phase) guides learners’ attentional focus to enhance their understanding and 

performance(Ford, Yates, & Williams, 2010; Travassos, Duarte, Vilar, Davids, & 

Araújo, 2012d). Second, interpretations of Newell’s constraints model (Newell, 1986) 

with reference to team sports performance (e.g., Handford et al., 1997), have suggested 

that organismic constraints (of players) concern physical characteristics of each player 

(e.g., morphological characteristics), while environmental constraints encompass how 

physical and social conditions influence performance (e.g., weather and crowd size). In 

this sense, task constraints have been considered the easiest available to be manipulated 

by sport practitioners, as revealed in past research analyses.  

(iv) Issues about team synergetic behaviours 

Analysis of studies selected indicated that the property of dimensional compression 

(n=16) has been highlighted in the literature more frequently than reciprocal 

compensation (n=8). The latter has received less attention in the literature, corroborating 

the arguments of Araújo and Davids (2016). Globally, studies focused on dimensional 

compression have suggested that players are able to co-adapt (i.e.., self-organize) their 

behaviours in response to manipulation of several task constraints (e.g., Fitzpatrick, 

Davids, & Stone, 2016; Oppici, Panchuk, Serpiello, & Farrow, 2018; Tan, Chow, 

Duarte, & Davids, 2017). Additionally, studies of reciprocal compensation has revealed 

that: (i) there is a mutual influence on the synchronization process between teams, (ii) 

intra-team coordination decreases in situations when teams are losing, (iii) defensive 
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lines are better coordinated than offensive lines, (iv) players are commonly coordinated 

with ball displacement, and (v), players synchronize their moves according to their most 

immediate opponent (Duarte, Araújo, et al., 2013; Folgado, Gonçalves, & Sampaio, 

2018; Luís Vilar et al., 2014b). 

There is a need to evaluate these properties during official competitive performance 

and according to the specificities of different team sports. There remains, also, scarce 

research identifying reliable predictors of team synergetic behaviours (e.g., maintaining 

or winning possession of the ball, current match status) 

(v) Issues statistical methods 

Throughout the analysis of the studies selected for systematic review, we identified 

a vast and distinct number of metrics applied, suggesting that there is a methodological 

adjustment according to the sport and the synergetic property under analysis.  

As identified by Araújo, Silva, and Ramos (2014), our analysis showed that the 

property of dimensional compression has been captured through analysis of the variable 

'team centre' (e.g., weight centroids) and team dispersion metrics (e.g., stretch index, 

effective playing space, team spread, among others). Concerning the analysis of 

reciprocal compensation, initially studies focused on the analysis of dyads (1v1s), 

through using the relative phase method (Duarte et al., 2010). However, the need to 

explain how actions of different players become synchronized within the collective 

behaviours of a team have led to favouring of a distinct metric – the cluster phase 

method, based on the Kuramoto order parameter (Duarte, Araújo, et al., 2013). 

Nowadays, the exploration of hypernetworks seeks to simultaneously observe the 

cooperative and competitive interactions between teammates and opponents across the 

space-time scale during a competitive match (e.g., Ramos, Lopes, Marques, & Araújo, 

2017; Ribeiro et al., in press).  
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Indeed, a deep analysis of complex system behaviours cannot be assessed through 

using simple linear measures, and for that reason the use of several sophisticated non-

linear measures has been applied in the sport sciences (Silva, Duarte, Esteves, 

Travassos, & Vilar, 2016). Despite their undeniable contribution, such methodological 

diversity has made it challenging to identify patterns of behaviour and interpret the main 

findings across studies. 

 

(vi) Issues about meta-analysis 

The meta-analysis results of our study portrayed a higher level of heterogeneity 

across studies. As expressed by systematic analysis results discussed above, the 

assessment of several sports, distinct populations, the diversity of variables under 

analysis, the use of a wide range of different metrics in statistical procedures, and the 

manipulation of different constraints, could possibly have contributed to this outcome.  

In addition, the subgroup analysis did not reveal differences in heterogeneity 

levels, possibly because several metrics could be used to assess each synergetic 

property, in agreement with the reasons mentioned above. Notwithstanding, it is worth 

noting that the quantitative analysis performed evaluated the players’ behaviours. 

Indeed, it is not expected that a behaviour would remain constant under different 

practice scenarios (i.e., constraints manipulation). Indeed, the literature on a CLA has 

suggested that a greater variability of players’ tactical behaviours provides them with 

capacities to self-organize, and consequently, co-adapt to any context with the purpose 

of satisfying the performance or task demands (Passos et al., 2009; Paulo, Davids, & 

Araújo, 2017; Travassos et al., 2016). Following this rationale, the heterogeneity found 

between studies selected supports this thesis:  that variable scenarios promote flexible 

behaviours which, in turn, afford adaptable actions. Accordingly, the heterogeneity 
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found in our analysis, besides being unexpected, seems to be positive, desirable, and 

functional. However, with the aim of confirming this hypothesis, we strongly encourage 

the replication of some experimental protocols in future investigations. 

 Finally, the presence of bias could possibly reflect both publication and inflation 

bias within this research field. The publication bias consists of considering only studies 

that provide statistically significant results (i.e., p<0.05) (Simonsohn, Nelson, & 

Simmons, 2014). This decision may have removed from the literature base studies 

where results may have not confirmed hypotheses or were considered negative, 

including false negatives. Inflation bias concerns the exhaustive exploration of data 

using different statistical approaches, which introduces in the literature true or false 

positives (Head, Holman, Lanfear, Kahn, & Jennions, 2015). This finding highlights the 

need to take some methodological care in future academic studies in order to reverse 

this trend, otherwise this may lead us systematically towards overoptimistic (and false) 

conclusions. 

(vii) Limitations 

Several limitations may be acknowledged in the present investigation. First, it is 

plausible that some published literature may not have been identified, even following all 

the comprehensive searches of databases and systematic steps reported. Second, several 

studies did not report suitable measures (degrees) to perform a meta-analysis. For 

instance, commonly studies where relative phase methods were used refers to in-phase 

states where the relative phase is near zero degrees and anti-phase states where the 

relative phase is near 180º. Also, several studies used Analysis of Variance (ANOVA) 

and Multivariate Analysis of Variance (MANOVA) without reporting the eta-square 

measure or descriptive measures avoiding effect size calculations. Third, when the 

designs across studies included in meta-analyses were heterogeneous, we tried to 
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counter this issue by employing a random-effects model (Higgins, 2008) and 

performing different explorative sub-group analyses. For this reason, the results should 

still be interpreted with caution.  

(viii) Future Research 

As our results highlighted, there is a lack of investigations of female players’ 

behaviours during competitive performance. In addition, there is also a dearth of studies 

that have compared evaluations of the players’ behaviours during competitive 

performance with those observed in specific and representative learning designs during 

training sessions (i.e., action fidelity analysis, see Travassos et al. (2012d)). Therefore, 

we recommend this type of analysis in future research. Indeed, this type of investigation 

will offer the opportunity to evaluate the quality of practice designs. Here, an action-

research design could fit well with this purpose. Furthermore, future studies could 

present an appropriate contextualization of constraints manipulation inside the whole 

training process (i.e., Why and how specific constraints are manipulated? What 

technical/tactical problem does the manipulation seek to resolve?). This approach will 

clearly inform, both academics and coaches, about how to use several pedagogical 

strategies in order to optimize the holistic development of players and teams.  

(ix) Practical Implications for coaches 

The take home message for coaches encourages them to keep integrating constraints 

manipulation in their learning designs (e.g. field dimension, player numbers, rules, time 

of execution, time of visualization, amongst others). However, it is important to note 

that the manipulation of constraints should consider: (i) the specificities of each sport, 

the tactical and technical problems that need to be resolved, the players’ level of 

experience and performance. Also, the addition of constraints must be, as much as 
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possible, congruent with the specific competitive demands of each sport. In other words, 

coaches should focus on building representative (i.e., training stimulus in accordance 

with competitive stimulus) learning environments. 

Conclusions 

 Overall, the systematic review analysis suggested that cross-sectional 

investigations have been focused on evaluating how the manipulation of task constraints 

may affect male football players and teams during training sessions. In addition, the 

analysis of team synergetic properties has been undertaken through vast and distinct 

metrics, with dimensional compression analysis receiving more attention in the 

literature. The diversity of statistical procedures applied possibly explains the 

heterogeneity observed in the studies selected for meta-analysis. This observation 

supports the assumption that variable behaviour, as a response to the manipulation of 

different constraints, offers opportunities for adaptability in the tactical behaviours of 

team players. Therefore, such heterogeneity may be functional and desirable. Finally, 

we conclude there is a presence of publication and inflation bias within this research 

field, which highlighted the need for researchers to take more methodological care in 

future investigations.  
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