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Resumo 

A respetiva tese, teve como objetivo investigar a influência de contextos facilitadores no 

desenvolvimento da criatividade individual e coletiva, avaliada em situações ecológicas, 

e enquadrada nos pressupostos teóricos do Creativity Developmental Framework. 

Adicionalmente, esta tese apresentou novas orientações face aos instrumentos utilizados 

para a avaliação da criatividade em contexto de jogo, combinando dados provenientes 

da análise notacional com dados posicionais, permitindo assim, fornecer uma descrição 

detalhada acerca do potencial criativo de jovens jogadores. O Creativity Developmental 

Framework referenciado no artigo de revisão da literatura, sugere os pressupostos gerais 

que sustentam a criatividade numa perspetiva a longo prazo, contemplando as diretrizes 

que devem suportar as práticas dos treinadores e professores. Este artigo, identifica 

diversas fragilidades apresentadas pela literatura, tal como postula as abordagens mais 

apropriadas para promover a criatividade. Desta forma, a diversificação desportiva 

sustentada em atividades não estruturadas, pedagogias não lineares e pensamento 

divergente fomentam o comportamento criativo nos jogos desportivos coletivos, tal 

como foi evidenciado pelo programa Skills4Genius. Esta intervenção foi sustentada na 

etapa Explorer do Creativity Developmental Framework e demonstrou claramente um 

incremento do pensamento criativo, da performance motora, das ações técnico-táticas 

em jogo e favoreceu a regularidade posicional. Adicionalmente, os resultados indicaram 

que os participantes com um percurso diversificado incrementaram a sua performance 

motora e ações técnico-táticas, revelando assim, uma elevada adaptação e aprendizagem 

quando expostos a programas de treino sustentados na literacia física e aprendizagem 

diferencial. Pela primeira vez, a aprendizagem diferencial foi aplicada em situações de 

jogos reduzidos, emergindo como uma abordagem com bastante potencial para 

fomentar a criatividade, visto que, desenvolve as suas componentes (tentativas, 

versatilidade e originalidade), e diminuiu as ações falhadas durante o jogo. De salientar, 

que a variabilidade técnica facilita a regularidade em jogo, indicando assim, que a 

exploração individual é suportada em princípios posicionais coletivos. A natureza 

inovadora desta tese, providenciou resultados pioneiros face à importância de 

desenvolver envolvimentos que facilitam a emergência de comportamentos criativos.  

Palavras chave: diversificação, prática estruturada, aprendizagem diferencial, 

comportamento exploratório, pensamento divergente, regularidade posicional 

 



 

 

 

 

  



 
 

Abstract 

Currently, there is a clear need for creativity in sports and it is urge to invest in 

programs that are intended to empower this predisposition during the lifespan. 

Therefore, this thesis aims to explore the influence of enrichment environments to 

develop in-game technical and tactical creativity in team sports, sharing the Creativity 

Developmental Framework as common background. The current thesis added further 

insights regarding to the creativity measurements tools, by combining both notational 

analysis with positional data to provide a more reliable description of the players’ 

creative predisposition. The Creativity Developmental Framework presented in the 

literature review, scrutinized the main assumptions that support a long-term 

development of creativity in team sports, which should be considered as preliminary 

guideline to support teachers and coaches’ practices.  In this work, several literature 

gaps were identified, as well as, were postulated the best creative approaches. 

Nevertheless, the sports diversification sustained in unstructured activities, nonlinear 

pedagogies and divergent thinking nurture the creative behavior, as demonstrated by the 

Skills4Genius program. This training program was sustained in the explorer stage of the 

Creativity Developmental Framework, which lead to an increase in the divergent 

thinking, motor performance, in game technical-tactical skills and favored the positional 

regularity. In addition, thesis results indicated that a diversified path revealed a better 

adaptation and learning rates when exposed to training programs grounded on physical 

literacy and differential learning approaches. For the first time, the differential learning 

was embedded in small-sides games and emerged as a suitable approach to aid 

creativity in team sports, since it enhanced the creative components (attempts, 

versatility and originality) and decrease the fails during the game. Further, common 

results showed the technical variability as a facilitator of game regularity, indicating that 

the individual exploration is supported in positional collective principles. In conclusion, 

the thesis findings stressed the role of training programs to boost the creative behavior 

and also sustained the Creativity Developmental Framework assumptions. The 

innovative nature of this research provided insightful outcomes in this unexplored 

domain and might act as a starting point to understand how to nurture a creative 

environment, which is urgently required in sports domain. 

Key words: diversification, unstructured practice, differential learning, exploratory 

behavior, divergent thinking, positional regularity 
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1. Introduction 

1.1. General Introduction 

Rising the creative spark 

Creativity is a multifaceted phenomenon manifested in different domains, such 

as in technical innovation, education, religion, expressive arts, business, science, sports 

and many other fields (Runco, 2014). Before the twentieth century, creativity was 

usually addressed within discussions of genius widely associated to the divine. 

However, during the second half of the twentieth century, Joy Paul Guilford warned 

about the lack of focus in studying this higher-order human predisposition. After 

Guilford’s advocating the necessity of systematic research on creativity in 1950, this 

domain has been studied in a great variety of disciplines, including sports (Becker, 

1995; 2011). In 1968, Guilford addressed a controversial proposal, suggesting that the 

creative performance in individuals could be enhanced and consequently should be 

measured (Guilford, 1950; 1967). Inspired on Guilford’s assumptions Ellis Paul Torrance 

elevated the discussion surrounding this field by introducing several educational 

theories and developing the Torrance Test of Creative Thinking (TTCT), the most 

common assessment tool of creativity used nowadays (Cramond, Matthews-Morgan, 

Bandalos, & Zuo, 2005; Kim, 2011; Torrance, 1962). Over the years, the concept of 

creativity has evolved from the unidimensional to a multidimensional perspective and 

from factors related to personal characteristics to those concerning the role of the 

environment (Harrington, 2011). This conceptual advance was well received in sports 

domain through the pioneer work of Daniel Memmert, which sustains a 

multidimensional and environmental supported theory entitled the Tactical Creativity 

Approach (Memmert, 2013; 2015a; 2015b). However, creativity remains a challenging 

and fascinating topic of study but still difficult to define. 

 

Developmental trends of creativity 

The most common definition of creativity involves the production of something 

appropriate, yet new or rare that is valued and accepted in the society (Kaufman & Baer, 

2012; Kaufmann, 2003; Runco, & Jaeger, 2012). Creativity is usually described as a 

characteristic of human thinking that reflects a capacity to solve problems in an original 

way and to produce work, which is novel, appropriate, and socially valued 

(Razumnikova, 2007). Most contemporary researchers agree on the generic description 
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proposed by the Sternberg and Lubart (1995, 1999) which defined creativity as the 

ability to produce work that is both novel (original, unexpected) and appropriate 

(useful). Indeed, the criteria of product novelty and appropriateness have long been seen 

as the hallmarks of creativity (Sowden, Pringle, & Gabora, 2014). 

Additionally, the concept of creativity has also been associated with the 

Guilford’s definition of divergent thinking. Divergent thinking involves the production 

of solutions to a given problem with an emphasis on variety and quantity of output 

involving fluency, versatility, originality and elaboration. Accordingly, recent reports 

confirmed that divergent thinking is a reliable and a valid predictor to gauge creativity 

(Pinheiro & Cruz, 2014; Runco & Acar, 2012). However, it is widely accepted that 

creative production does not derive alone from divergent thinking, but also requires a 

convergent thinking which consists in create a single correct solution to a given problem 

and provide criteria to select the most appropriated solution (see Cropley, 2006). 

Despite the obvious importance of both for creativity, the divergent processes have 

received a higher considerable attention in literature since it is well sustained by the 

Sarnoff Mednick’s Associative Theory. This theory refers that a creative solution to a 

problem comes about bringing together multiple ideas which only combined in a new 

way may became useful as a novel solution (Mednick, 1962). It means, that the 

production of a lot more possibilities will likely increase the chances of producing 

something truly outstanding. Taking this into consideration, it is fundamental in sport 

that youth players think and perform a wide range of technical and tactical solutions to 

increase the likelihood of emerge creative solutions on the field. Moreover, it is also 

important to note that according to Alfonso-Benlliure, Meléndez and Garcia-Ballesteros 

(2013) creative abilities follow distinct patterns across the developmental path. While 

convergent thinking progressively improves with age, divergent abilities significantly 

decrease overtime without training. For this reason, the divergent thinking training 

should be stressed through the educational and sports contexts during the early years. 

In sports, appears to be consensual when considering that a creative player, must 

be able to perform actions that involves varying, novel, original, unexpected and 

appropriate decisions in field (Memmert & Roth, 2007). Nevertheless, this concept is 

too narrow and does not represent the entire multidisciplinary associated to the sports 

context. To overcome this issue, recently emerged the following definition of creativity: 

in the first years, the youth player must be comfortable to discover and reorganize new 
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personal solutions, toward a continuously challenge of their self-adaptation ability. 

Concomitantly, players should be able to move and attune “outside the box” under the 

guidance of sport environment to solve a specific game problem in a novel, feasible, 

unexpected and original way by starting a single act or flowing in a collective action 

contributing to team success (Santos, Memmert, Sampaio, & Leite, 2016). In addition, 

this definition disrupts with previous concepts that are applied only to eminent adults 

because children or youth players are unlikely to produce something truly new or valued 

by the society (Cohen, 2011). Hence, those types of definitions became useless to the 

stakeholders concerned with creativity in educational and youth sport environments. 

To overcome the previous gap, several creative trajectories were identified. The 

Bonden’s Impossibility Theory to Creativity, divides creativity into two categories: H-

creativity (historical creativity) and P-creativity (personal creativity). The H-creativity 

refers to something that is produced which no one has ever created or discovered, 

whereas P-creativity refers to something that an individual creates or discovers, which 

they have never done before, even thoughts, but it could have been done by others 

(Boden, 1996). On the other hand, considering the developmental nature of creativity, 

James Kaufman and Ronald Beghetto (2009) proposed four creativity categories: mini-

c; little-c; pro-c, and big-C, which supports the Creativity Developmental Framework 

ideology. Mini-c creativity refers to novel interpersonal insights about interpretations of 

personal experiences or actions, which highlights that creativity is inherent during the 

learning process. The little-c creativity is based on the assumption that creativity is part 

of human nature and can be found in average people’s everyday lives. People who attain 

professional-level expertise in any creative area are likely to have pro-c. Big-C 

creativity consists of eminent creative contributions that last forever. In football, 

Ronaldinho, Messi, Ibrahimovic, Cristiano Ronaldo, had a great impact on sports field 

and they are an accurate example of the Big-C creativity. Both mini-c and little-c forms 

of creativity are relevant to stress in youth sports environments, since these forms of 

creativity are a pre-requisite for Pro-c and Big-c in a particular field of expertise. 

In sport and educational environments, it is crucial to understand if creativity is 

domain-specific or domain-general. In other words, if the individuals can be creative in 

many domains or who are creative in one domain are not necessarily creative in others 

domains. In this vein, Pluncker and Beghetto in 2004, stated that creativity could be 

both specific and general and such hybrid model suggests, that the level of specificity 
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may change with the social context and with the development through childhood into 

adulthood (Amabile, 1996; Sternberg & Lubart, 1995). In general, creative thinkers 

require both the knowledge of a particular domain and that of cross domains (Sternberg, 

2005). Indeed, the truly revolutionary creative acts come from synthesizing across 

domains, as Picasso did with African and European art or Darwin did by combining 

insights from economics, geology and biology to come up with the theory of natural 

selection. A broad knowledge in several domains may lead to a higher generation of 

major innovations, thus making lasting contributions to their specific domain (Baer & 

Kaufman, 2005). Basically, as explained by the Componential Model, three sets of 

variables are needed to arouse creativity: domain-relevant skills, creativity-relevant 

skills, and task motivation (for refs see, Conti, Coon, & Amabile, 1996). At least, if we 

want more creative players, then we must provide an enabling environment, that allows 

creativity to flourish (Scott, Leritz, & Mumford, 2004; Ma, 2006). In these training 

programs should prevail such confluence-theories, which assume that multiple 

components must converge for creativity occur, as the Four Ps of Creativity: Person, 

Product, Process and Press (Kharkhurin, 2014; Rhodes, 1961; Runco & Kim, 2011). 

Indded, the previous approaches address creativity from a more holistic, dynamic, and 

multidimensional perspective as required in team sports. 

 

The nurturing of creative enrichment environments 

Over the past few decades, several creativity training programs have been used 

to aid players to maximize their creative potential. Recently, according to the Tactical 

Creativity Approach designed by Memmert (2015a, 2015b), which was grounded in the 

previous confluence-theories, has been considered different factors that affect the 

development of creativity in sports. Further, a ranging across training-related variables 

are pointed out, such as the six Ds training principles which encompasses the deliberate 

practice and play, diversification, the quality of coaching, motivational instructions and 

one-dimension games to fostering creativity in team sports (Memmert, 2015a, 2015b). 

To support these statements, a (Memmert, 2006) study, demonstrated the effectiveness 

of a diversified sporting training program in increasing the creative behavior in team 

ball sports. Additionally, Memmert and colleagues (2010) research, intended to 

understand the developmental path predictors in order to become a creative player in 

several invasion games (basketball, football, handball and field hockey) and the results 



Chapter 1  

 7 

showed an association between the time spent in deliberate play activities and the 

creativity gains in team sports. More recently, Bowers, Green, Hemme, and Chalip 

(2014) examined if the amount of time spent in two different sport settings (organized 

vs. unstructured activities) during childhood had a later influence in general creative 

thinking. According to this analysis, the time spent in unstructured sport activities was 

positively related to the achievement of creative thinking in adulthood. Although the 

previous studies addressed the impact of distinct training programs on creativity, it is 

still essential to establish general guidelines across childhood and the junior age span to 

ensure an optimal development of creative behavior. 

Traditionally, sports training have adopted approaches which are prescriptive 

and repetitive, employing a technical “criterion model” to encourage players to recreate 

exactly the desired skill (Williams & Hodges, 2005). Such pedagogies fail to consider 

how performance environment shape functional behaviors and decision-making process 

(Davids & Araújo, 2010). Clearly, it separates the information and movement seeking to 

facilitate players search for standardized solutions and not accounting that the broader 

context is not compatible with the creative developmental process. An increasing 

amount of evidence from the Dynamical Systems Theory challenged these traditional 

assumptions that neglect the active role of the environment to shape behavior 

(Gréhaigne & Godbout, 2014; Ovens, Hopper, & Butler, 2013). The core of the 

Dynamical Systems Theory emphasizes the natural phenomena as a system with many 

interacting component parts (Davids, Button, & Bennett, 2008; McGarry, Anderson, 

Wallace, Hughes, & Franks, 2002). Specifically, it is a “self-organizational under 

constraints” process (Davids, et al., 2008; Bernstein, 1967), which advocates that the 

emergence of self-organized pattern movement solutions are facilitated through the 

interaction of performer, environment, and task constraints (Newell’s constraint model) 

(Newell, 1986). 

Due to the dynamism and complexity nature of team sports, it is necessary to 

design learning environments that should be grounded in nonlinearity (Chow & 

Atencio, 2012; Lee, Chow, Komar, Tan, & Button, 2014; Tan, Chow, & Davids, 2012). 

Chow and colleagues (2007) were the first to propose the term Nonlinear Pedagogy, a 

constraints-lead approach, focusing particularly on the manipulation of constraints in 

team sports settings, which plays a key role to encourage the emergence of functionally 

movement solutions during the game performance (Chow et al., 2006; Renshaw, Chow, 
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Davids, & Hammond, 2010; Rovegno, Nevett, Brock, & Babiarz, 2001). Firstly, the 

role of constraints has been put forth as a central tenet of Nonlinear Pedagogy. 

Typically, task constraints, can be readily manipulated to boost the exploration for 

different movement solutions by the players (Hristovski, Davids, Araújo, & Passos, 

2011). The “noise” provided by the right task constraints manipulation amplifies the 

exploratory pattern (Schöllhorn, Mayer-Kress, Newell, & Michelbrinck, 2009; Torrents, 

Ric, Hristovski, Torres-Ronda, Vicente, & Sampaio, 2016) and players will be 

channeled for functional and versatile connections that lead them to creative behaviors. 

The exploratory behavior is a prerequisite of player’s creative thinking (divergent, 

convergent and critical abilities). Moreover, giving opportunities to youth players to 

explore their boundaries will make them more adaptive without being afraid to attempt 

and risk-taking during the game performance. According to Hristovski and colleagues 

(2012), it was suggested that constraints manipulation allows for greater fluency and 

flexibility in discovering atypical but yet functional movement solutions to a task goal. 

The creative behavior needs to be supported by the acquisition of complex 

patterns skills (Farrow & Robertson, 2016). In this vein, the differential learning seems 

to emerge as a promising approach to enhance the creative behavior (Memmert, 2015b). 

The differential learning is characterized by increasing the number of movement 

fluctuations, through no movement repetition and without corrections during the skill 

acquisition process (Henz & Schöllhorn, 2016; Schöllhorn, Hegen, & Davids, 2012; 

Wagner & Müller, 2008). Specifically, this approach amplifies the fluctuations by 

applying infinite variations in technique movement. Indeed, the players are trained 

within “noisy” exercises sequences. For example, the players are instructed to perform 

movement errors instead of abolish them or by focusing on the perfect technique 

execution (e.g. during a shot put arms raised up or standing leg had to be placed well to 

the side of the ball) (Schöllhorn et al., 2006). In fact, the well-known philosophy of 

differential learning is: “never practice the right thing in order to play right” (see 

Schöllhorn et al., 2012). Differential learning provides a highly improvisation demands 

during the training session (Schöllhorn, et al., 2012). According to Lewis and Lovatt 

(2013, p 46), improvisation is the act of creating something new on the spur of the 

moment. Indeed, the improvisation is considered a progressive form of problem-finding 

and problem solving and also it is associated with a “releasing effect”, that leads to a 

greater creative behavior (Kleinmintz, Goldstein, Mayseless, Abecasis, & Shamay-
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Tsoory, 2014). 

 

Measuring creativity in ecological settings 

Nowadays, the technology minimizes the barriers related to the measurement of 

the creativity in sports (Piffer, 2012). Accordingly, several tools have been proposed to 

assess in-game technical and tactical behavior, which can be reliable indicators of the 

creative players’ predisposition. Due to the development of affordable technology, the 

notational analysis is now widely used in football. This type of analysis is concerned 

with the technical and tactical evaluation and statistical compilation though a permanent 

record of the events of players’ actions (James, 2006; Liu, Gomez, Gonçalves, & 

Sampaio, 2016; Winter & Pfeiffer, 2012). Regarding the creativity measurements, the 

Creative Behavior Assessment in Team Sports - CBATS, has been used to calculate the 

individual technical variables (attempts, fluency, and versatility) to determine players’ 

creative potential. Indeed, notational analysis is recognized as powerful tool to produce 

valid and reliable description of teams’ performance (Carling, Reilly & Williams, 

2009). In spite of the importance of the notational analysis to study creativity, this type 

of assessment did not allow to represent the relationships established by the players’ 

dynamics (Gonçalves, Coutinho, Santos, Lago-Penas, Jiménez, & Sampaio, 2017; 

Travassos, Davids, Aráujo, & Esteves, 2013). 

On the other hand, the GPS technology has changed the performance analysis in 

sports (Memmert, Lemmink & Sampaio, 2017). In this vein, measuring team’s tactical 

performance implies the analysis of individual player positions, while taking into 

account their time and context dependence (Sampaio & Macas, 2012; Travassos, 

Duarte, Vilar, Davids, & Aráujo, 2012). These analyses can be addressed by using the 

player’s relative pitch positioning data. Available studies (Folgado, Duarte, Fernandes, 

& Sampaio, 2014; Gonçalves, Marcelino, Torres-Ronda, Torrents, & Sampaio, 2016) 

tend to focus their analysis, either on the cooperation or competition behaviours (intra 

or inter team/player analysis) or, on the density of relations established (study the 

relations of a pair of players or players’ dyad; a group of players or the whole team) 

(Gonçalves, Esteves, Folgado, Ric, Torrents, & Sampaio, 2016). Different combinations 

of these positional variables represent distinct approaches to study tactical behaviour, by 

trying to capture and describe players and teams’ performance characteristics at 

different levels of interaction. In fact, insightful information can be derived from both 
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notational and positional data to measure creativity in team sports, decreasing the 

weakness of creative measurements usually associated to a lack of ecological validity 

(Piffer, 2012). 

 

1.2. Aim of the Thesis 

Currently, there is a clear need for creativity and urge to invest in programs that are 

intended to empower this predisposition during the lifespan. Nevertheless, further 

evidence is required in order to establish the best sport practices, specifically designed 

to nurture the creative behaviour within different kinds of expertise. Therefore, this 

thesis aims to explore the influence of supportive environments to develop in-game 

technical and tactical creativity, sharing the Creativity Developmental Framework as 

common background. Additionally, this thesis added further insights regarding to the 

creativity measurements tools in team sports, combining notational analysis with 

positional data to provide a more reliable description of the players’ creative potential. 

The innovative nature of this research will provide insightful findings in this unexplored 

domain and might act as a starting point to understand how to nurture a creative 

environment which is urgently required. 

 

1.3. Structure of the Thesis 

The present thesis was elaborated in conformity with the requirements and 

guidelines of the University of Trás-os-Montes and Alto Douro. This thesis is structured 

according to the Scandinavian model, which encompasses a set of four original research 

articles, accepted or published on peer- reviewed international journal with ISI Impact 

Factor. Therefore, six distinctive chapters compose this thesis. 

The current chapter (chapter 1) introduces both the theoretical background and the 

relevance of the theme considering the research already done in this domain. In 

addition, the thesis general purpose and its structure are also exposed within this 

chapter. 

The chapter 2 is dedicated to the theoretical component of the thesis which 

encompasses an overview of the literature published in the last decades. Specifically, 

this chapter presents a review article entitled “The spawns of creative behaviour in 

team sports: A creativity developmental framework”. This article was crucial to 
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provide a sustained theoretical basis to the following experimental research articles 

covered by this thesis. 

Chapter 3 presents the first experimental research article entitled “Do previous 

sport experiences influence the effect of an enrichment program in basketball 

skills?” intended to examine the effects of a physical literacy and differential learning 

program in motor, technical and tactical skills when accounting for the age of youth 

sport specialization. 

Chapter 4 introduces another experimental research article “Effects of the 

Skills4Genius sports-based training program in creative behaviour”. This study 

was two-fold: firstly, it intends to identify the effects of the Skills4Genius sports-based 

training program in creative thinking, motor skills, in-game individual creative 

behaviour, and in-game collective behaviour in team sports. Secondly, it explores the 

possible relationship between creative thinking and in-game creativity. 

Chapter 5 encompasses the study “Differential learning as a key training 

approach to improve creative and tactical behaviour in youth soccer players”. The 

aim of this study was to identify the effects of a differential learning program in 

creativity and tactical behaviour of youth players during football small-sided games. 

The Chapter 6 is dedicated to the final thoughts, supported by the conclusions of 

each experimental research article incorporated in the present thesis. Concomitantly, the 

main findings were interpreted, related and summarized in order to added new routes in 

creativity domain. This Chapter also underpins suggestions and insights for further 

research. In addition, the references of each chapter are presented in the end of it. 
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Abstract 

Developing creativity in team sports players is becoming an increasing focus in sports 

sciences. The Creativity Developmental Framework is presented to provide an updated 

science based background. This Framework describes five incremental creative stages 

(beginner, explorer, illuminati, creator, and rise) and combines them into 

multidisciplinary approaches embodied in creative assumptions. In the first training 

stages, the emphasis is placed on the enrollment in diversification, deliberate play and 

physical literacy approaches grounded in nonlinear pedagogies. These approaches allow 

more freedom to discover different movement patterns increasing the likelihood of 

emerging novel, adaptive and functional solutions. In the later stages, the progressive 

specialization in sports and the differential learning commitment are extremely 

important to push the limits of the creative progress at higher levels of performance by 

increasing the range of skills configurations. Notwithstanding, during all developmental 

stages the teaching games for understanding, a game-centered approach, linked with the 

constraints-led approach play an important role to boost the tactical creative behavior. 

Both perspectives might encourage players to explore all actions possibilities 

(improving divergent thinking) and prevents the standardization in their actions. 

Overall, considering the aforementioned practice conditions the Creativity 

Developmental Framework scrutinizes the main directions that lead to a long-term 

improvement of the creative behavior in team sports. Nevertheless, this framework 

should be seen as a work in progress to be later used as the paramount reference in 

creativity training. 

 

Key words: exploratory behaviour, deliberate play, physical literacy, nonlinear 

pedagogy, expertise. 
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Introduction 

The relationship among creativity development and sport participation remains 

unarticulated. Creative behavior is an extremely valued disposition in everyday life 

(Runco, 2014), as well as in sport performance (Memmert, 2015b). Sports scientists are 

recognizing the importance of increasing research focused in the development of 

creativity in sport. Nowadays, there are many obstacles that restrain the creative 

potential, such as the lack of street sport, unadjusted training, mechanization of play, 

decrease of the game enjoyment and a narrow game knowledge. Moreover, the current 

sport systems are not aligned in order to supply these necessities. In fact, a rigid linear 

environment prevails and players are constantly overwhelmed by a lack of adaptability 

during the game. Although strategies can be planned and trained in advance, all 

dynamic interactions have a level of uniqueness to them and may even be unexpected. 

The resolution of competitive situations will always vary when taking into account the 

environmental influences. It is vital that the training environment reflects the real setting 

full of unpredictability, thus it is necessary to support the players' creativity. Creative 

solutions are of crucial importance to sport success, talent development and selection 

system and the key is let it blossom during the early years. Indeed, there is great 

potential in creative moments, which can lead the team toward outstanding 

performances. It appears that creative players make the difference, as they bring the 

unforeseeable into the game and disrupt the opponents (Memmert, 2013, 2015a). 

Although there have been several empirically proven principles fostering tactical 

creativity driven by Memmert (2015a), little is known regarding the incorporation into 

age depending training programs specifically designed to develop and stimulate creative 

behavior in team sports within different kinds of expertise and/or levels. In this sense, 

the current article integrates the latest research in sport science and creativity into a 

developmental framework, in an attempt to provide a common ground for fostering 

tactical creativity across childhood and the junior age span. The Creativity 

Developmental Framework (CDF) highlights the idea that creativity depends on the 

mastery of thinking and sporting skills. For this reason, the creative behavior relies on 

distinct emerging patterns according to the players' progression in sport settings. Thus, 

it is mandatory to establish a supportive and rewarding environment for creative ideas to 

appear. To ensure an optimal development of creative behavior, the CDF mainly 

distinguishes five incremental training stages, that account for enhancing specific 
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creative components: (a) Beginner stage (2–6 years); (b) Explorer stage (7–9 years); 

(c) Illuminati stage (10–12 years); (d) Creator stage (13–15 years); and (e) Rise stage 

(over 16 years). The presented stages are general guidelines created as a possible 

continuum of creativity boost during the early ages, however neither all players will 

follow this sequential path, adopting a more erratic, and distinct development. 

Creativity development is a holistic process that underpins complex interactions 

among several domains (see Memmert, 2015b). In fact, the appropriate enrichment 

context proposed by our CDF combines a variety of training approaches embodied in 

creative assumptions: (a) practice pathway (from diversification to specialization); (b) 

physical literacy (learning of fundamental movement and game skills); (c) nonlinear 

pedagogy which underpins, the constraints-led approach, teaching games for 

understanding and differential learning; and (e) creative thinking (divergent and 

convergent thinking debate) (see Figure 1). Individual and integrated contribution of 

these approaches assures the ideal conditions that nurture and support the long-term 

creative development process. 
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Figure 1. The Creativity Developmental Framework structure supports the creative behavior in team 
sports.  

Representation of the Creativity Developmental Framework structure: 1) Developmental creativity stages: 
(a) beginner; (b) explorer; (c) illuminati; (d) creator; (e) rise. (2) Tenets of the Creativity Developmental 
Framework: (a) practice pathways; (b) physical literacy; (c) nonlinear pedagogy including teaching games 
for understanding and the constraints-led approach; (d) creative thinking. 3) Creativity training 
components: (a) attempts, (b) efficacy, (c) versatility, (d) originality. 4) Tactical behaviour principles: (a) 
fundamental game principles, (b) situational game principles, (c) specific collective game principles. 

 

The “Thinking Cap” Process is Fertile Ground for Creativity 

The field of creativity emerged as an outcome of the pioneering works of Joy 

Paul Guilford and Ellis Paul Torrance. The last one is particularly responsible for the 

most recognized and widely used assessments of creativity performance, such as the 

Torrance Tests of Creative Thinking (Cramond, Matthews-Morgan, Bandalos & Zuo., 

2005). Usually, the main topics of researchers' interest are the development of effective 

ways to enhance creativity through optimizing the environment (Ma, 2006; Davies, 

Araújo, Correia, & Vilar, 2013; Onarheim & Friis-Olivarius, 2013). Despite the lack of 

studies, the CDF considers crucial raise a creative thinker and a technical-tactical 

creative player, as complementary pairs. Nurture thinking abilities allow to educate 

open-minded players who exploit all available creative possibilities in the field. That is, 

raising a thinking trait predisposition to solve game problems in an unusual way. 

Over time, a number of attempts have been made to explain the main criteria of 

a creative product (Kaufman & Baer, 2012). Despite these efforts, the CDF embraces 

the most recognized description which states that creative products must be centered on 

two core elements: novelty and appropriateness of the action (Sternberg & Lubart, 

1999). The CDF proposal underpins two wide classes of thinking processes: generate 

novelty (via divergent thinking abilities) and select novelty (via convergent thinking 

abilities) (Fürst, Ghisletta & Lubart, 2016). Convergent actions are considered a process 

which generates a possible solution to a given problem and that provide criteria of 

effectiveness and novelty (Colzato, Szaoora, Pannekoek, & Hommel, 2013). This ability 

encompasses analytical processes and emphasizes the importance of critical thinking 

(Byernes & Dunbar, 2014). During a football game, for example, the players perceive 

the environmental information and select an action such as shooting the ball 

(convergent thinking). Their critical thinking will be reflected when analyzing their 

action and searching for improvements, such as the appropriateness of decision-making 

and the shoot execution. 
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On the other hand, creative behavior also demands divergent abilities. Recent 

reports identify divergent abilities as a valid and reliable creativity predictor (Runco & 

Acar, 2012). Divergent thinking produces a variety of ideas and associations to a 

problem and forms one major cognitive process in creativity (e.g., identifying a range of 

possibilities to solve a problem). Precisely, creative actions emerge by the players effort 

to modify and produce different movement patterns generating variability (Runco & 

Acar, 2012; Furley & Memmert, 2015). Yet, some authors emphasize that creative 

abilities follow distinct patterns across development. While divergent abilities 

significantly decrease when not stimulated, convergent abilities remain more stable 

throughout the player's career (Alfonso-Benlliure, Meléndez, & García-Ballesteros, 

2013). In fact, convergent thinking is extensively requested during the child's education. 

Most studies identify that children's creativity began to decline around age 6 and a 

creative slump further occurs at the fourth and sixth grade (Claxton, Pannells, & Rhoads 

2005; Kim, 2011). Nevertheless, this decline can also be explained by the increase in 

actions' intentionality and the decrease of imagination throughout life (Duffy, 2006; 

Glăveanu, 2011). Undoubtedly, the imagination serves as a precursor for creativity, as 

creativity uses imagination to unleash their potential. While imagination underpins 

things that are unreal, creativity focus on things that might be possible and never 

experienced before. Indeed, creativity makes the imagination feasible (Duffy, 2006). To 

prevent this slump, there should be a preponderance of tasks designed to develop the 

divergent abilities in all CDF stages as opposed to tasks that develop convergent 

abilities (see Figure 2). Nevertheless, this framework states for an interrelationship 

between both types of creative thinking since quantity does not assure quality. Indeed, 

problems are solved through a blend of convergent and divergent thinking. 

 

 

Figure 2. The connection between creative thinking and the learning of tactical behavior principles 
(fundamental, situational and specific collective game principles) embodied in the creativity training 
stages. 
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Components of Creative Thinking 

To ensure the proper operationalization of creative behavior, the CDF embraces 

several creativity training components, which have been further adapted to the sports 

context (Memmert & Roth, 2007). These components allow to establish a creative game 

index: (a) efficacy, the ability to execute as many effective movement actions as 

possible; (b) versatility, identified as the ability to produce non-standard actions such as, 

execute different forms to pass or shoot; (c) originality, the ability to generate new and 

unique actions that others are not likely to produce; and finally (d) attempts, recognized 

as any effort to perform different actions even not-effective movements, a concept 

added by this work. For novice players, it is extremely important left their comfort zone 

and demonstrate as soon as possible, the initiative to perform new forms of dribbling 

even if not successful (attempts). This preliminary exploratory behavior will later 

enhance different forms of dribbling (efficacy) and nurture the ability to adapt the 

dribbling in different ways (versatility), until the attainment of a unique dribbling action 

(originality). These components were usually used for assessing the players' creative 

performance through direct game observation, decreasing the weakness of creative 

measurements normally associated to a lack of ecological validity (Piffer, 2012). In a 

practical view, the CDF advocates that these creativity components should be embodied 

in the training session's environment, mainly in the learning of tactical behavior 

principles (fundamental game principles, situational game principles, and specific 

collective game principles, see Table 1). The stretching of these components provides 

new insights about the key ingredients that seem to increase the probability of 

developing creative players and should be considered as the basis of the CDF (see 

Figure 2). Additionally, it is really problematic for practitioners to grasp what is really 

meant by creativity in sports performance (Runco & Jaeger, 2012). 

During the framework stages arise two different types of creative expressions: P-

creative (personal/psychological) and H-creative (historical) (Boden, 1996). The P-

creative is internal to the player and leads to the development of individual problem-

solving skills in the daily routine. Moreover, it is related with the discovery of new 

techniques and solutions that allows to foster the player's own personal limitations 

(Boden, 1996). In this way, most of the players' actions and decisions are not novel in 

general, just novel to them. Therefore, this personal expression is commonly performed 

from the beginner until the rise stages. As expected, it is important to reinforce that 
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these initial emerging solutions are not of an expert type and they are not widely 

recognized in the main domain. By contrast, the H-creative is a behavior that no one 

ever executed before and contributes to changes in history. This type of creative 

expression is easier to recognize in sports and it is widely evidenced in the concepts of 

creativity. However, it seems that in most cases a high level of expertise it is necessary, 

so this outcome it will appear more consistently since the rise stage. Note that, these 

novel actions should be considered as H-creativity even if the players repeats it 

continually, whereas in team sports context the repeated skill never happens exactly in 

the same environmental conditions (Boden, 1996). The environment is unpredictable 

and its influence is always dependent on the player's perception and past experiences. 

Ordinarily, the H-creative behavior is P-creative too. In this way, the learning process 

should invite the players to explore instead of promotes a passive copying process. This 

assumption can be captured by the nonlinear pedagogy assumptions. Note that the path 

from P-creativity to H-creativity is not predetermined. Neither of these types of 

creativity occurs in timely and ordered stages (Hristovski, Davids, Passos, & Araújo 

2012), considering that the development of all players is an individualized bio-psycho-

social process (see Abraham, et al., 2014). In this sense, the coach needs to recognize 

the players' motivations in order to facilitate their development and understand that 

some players will face more difficulties in such creative environments. For 

instance, Collins and colleagues (2016) pointed out, how some experiences during the 

sport path discriminate their level of performance. As so, it is important for coaches to 

be aware of players' readiness to work in a creative environment. 

Ordinarily, the creativity concept focus in the final outcome of a creative player 

(H-creativity) but before the attainment of this status occurred a developmental process 

(P-creativity), which is not recognized in the theoretical background. Therefore, the 

CDF presents a whole new concept. In the first years, the novice creative player must be 

comfortable to discover and reorganize new personal solutions, toward a continuously 

challenge of their self-adaptation ability. Concomitantly, should be able to move and 

attune outside the box under the guidance of sport environment and to solve a specific 

game problem in a novel, feasible, unexpected and original way by starting a single act 

or flowing in a collective action contributing to team success. A H-creativity is 

extensible described in Hopsicker (2011, p. 114), which points out: the exceptional 

innovator, the highly creative players, the performer of novel moves and tactics, and the 
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producer of imaginative strategies that tend toward competitive success by perceives 

and anticipates challenging situations. And also, possesses richer positional and 

practical knowledge of his specific sporting activity. 

Playing in a team sport does not mean that the players should give up on their 

individual initiative. In fact, the game quality increases as higher the player individual 

contribution to the team collective behavior. Likewise, the collective strategy should 

also have space for individual creativity. That is, each player should have both the 

responsibility and liberty inside the team game model that allows to develop and 

express his potential creative. While a rich description of creative behavior can be 

stated, there is still a lack of detailed information about understanding the 

developmental path that triggers this state. 
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Table 1. Description of the tactical behavior principles used to classify the tactical game complexity in 
team sports (adapted from Memmert & Harvey, 2010; Mitchell, Oslin & Griffin, 2013). 

 

 

The Maturation of World Class Skills 

The debate about the type and the amount of practice that players should invest 

in across their sport careers is just beginning (Collins & MacNamara, 2011; Moesch, 

Elbe, Hauge & Wiman, 2011; Lloyd et al., 2015; Hornig, Aust & Güllich, 2016; Rees et 

al., 2016) and is really controversial. Currently, two proposed pathways in the 

development of sport expertise prevails: diversification and specialization. These 

pathways are mainly differentiated in terms of their early structured process. On the one 

hand, the specialization is associated to structured activities typified by an early 

involvement in a single sport (between 5 or 6 years of age) and coupled with high 

amounts of specific training-deliberate practice (Ericsson, 2014; Hambrick, Oswald, 

Altmann, Meinz, & Gobet, 2014). On the other hand, diversification includes an early 

involvement in several sports and it is also associated to low structured activities-
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deliberate play (Leite, Baker & Sampaio, 2009; Côté & Vierimaa, 2014; Côté & 

Ericsson, 2015). Notwithstanding, the concepts of specialization and deliberate practice, 

as well as diversification and deliberate play should not be considered as being 

synonymous. This common misinterpretation leads to a narrow view, which does not 

allow to exploit the potential of a possible coexistence between the previous concepts 

(Coutinho, Mesquita & Fonseca, 2016). Therefore, in the rise stage, the players can 

specialize only in the main sport and being exposed to a nonlinear training method. 

In this sense, the CDF recognizes that both sport pathways are not antithesis but 

they can coexist since they correspond to distinct moments of talent development. 

Moreover, the framework states that a continuum of practice activities ranging from 

unstructured settings, which normally guides toward divergent abilities, should precede 

the highly-structured settings, focusing on the convergent abilities. This sequence may 

have an important role in the boost of creative behavior (see Figure 3). 

Despite several statements referring that pursuit of a specialized pathway drains 

players' creativity, the expertise in a structured domain in later stages is an essential 

condition to be truly creative. It seems that outstanding behaviors can only be displayed 

if players master the field (Ericsson & Lehmann, 1999). Such preparation is an essential 

requirement to attain the elite status and compete at the highest level. In later stages, 

specialization in one sport is mandatory providing a qualitative jump to push the limits 

of the creative progress. However, is there an optimal stage or time to specialize in team 

sports? Definitely, it is hard to address this issue but several Cotê studies (Côté, Lidor & 

Hackfort, 2009; Côté & Vierimaa, 2014) proposed the age of 16 as a suitable time (e.g., 

rise stage). 

Additionally, expert players possess the ability to successfully combine their 

motor and perceptual functions during the game to outplay the opponents (Abernethy, 

Baker & Côté, 2005; Broadbent, Causer, Williams & Ford, 2015; MacNamara & 

Collins, 2015). Recently, research has established a positive relationship between 

creative behavior and particular aspects of these perceptual skills, such as the breadth of 

attention (Memmert, 2011). Usually, the breadth of attention is the term used to refer to 

the number and range of stimuli that a player is able to attune at any moment 

(Memmert, 2009). The players need a wide breadth of attention in order to generate 

tactical behavior and seek for different solutions (Memmert & Furley, 2007). In fact, the 

CDF makes it possible to associate different stimuli with each other increasing the 
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potential to display novel game solutions (Kreitz, Furley, Memmert & Simons, 2015; 

Memmert, 2015b). In a specialization phase, the lack of fundamental principles 

(technical and tactical) affect their ability to select the relevant environmental 

information decreasing the emergence of a highly adaptive behavior. Ericsson and 

Lehmann (1999, p. 76), summarized the connection among expertise and creativity by 

concluding that: “…individuals have not been able to make generally recognized 

creative contributions to a domain unless they had mastered the relevant knowledge 

and skills in the course of a long preparatory period.” In order to achieve that level of 

proficiency, players must accumulate a large number of hours of practice. In early 

stages, those hours can be accumulated in non-specific activities, suggesting a 

functional role in the development of expertise (Abernethy et al., 2005; Leite & 

Sampaio, 2010; MacNamara & Collins, 2015). In addition to later specialization as a 

potential contributor for H-creativity development, the CDF suggests that 

diversification could also be a crucial element. 

The concept of early diversification prior to a later restraining, typically 

associated to specialization, is regarded as mandatory to enhance divergent thinking 

(Memmert & Roth, 2007). The exposure in a variety of sport/game contexts provides 

invaluable experiences and stimulus for players, and enables them to adapt to 

unpredictable situations in a range of different environments (Memmert, 2006). 

Research has demonstrated the effectiveness of an early diversification approach while 

considering the unpredictable and demanding environment of team sports (Memmert & 

Harvey, 2010). Within the diversity of sport experiences, this developmental 

progression should also include the participation in naive free-play and deliberate 

play activities (Côté & Vierimaa, 2014). In fact, a growing body of research has found a 

correlation between play activities and creativity development (Memmert, 2011). 

Nevertheless, the CDF tried to overcome a few gaps related with literature 

concepts. Generally, deliberate play is presented in literature as playing sport games 

informally which are extremely playfulness activities and promotes an incredibly 

pleasure, performed with rules adapted from adult norms that are set-up and monitored 

by children themselves in their free time (i.e., neighborhood pickup games and street 

football and basketball) (Côté et al., 2003; Hendry & Hoges, 2013). Considering the 

roots of the term deliberate it is preferred to use in this framework the term naive free-

play for the previous concept. Nonetheless, it redirects the term deliberate play to an 
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activity that is highly enjoyable designed to keep players motivated. However, it is 

oriented with a minor goal of improving athletes' overall sport skills and is slightly 

guided by adults. In terms of structure, deliberate play activities are usually more 

structured than naive free-play but less structured than formally organized activities 

such as deliberate practice. Still, during the beginner and explorer stage, the naive and 

deliberate play experiences assure the appropriate evolvement emerging the first sparks 

of a problem-solver player (P-creativity type) (Memmert, 2013). 

Creativity is facilitated by play activities, which provide freedom to experiment 

with different movements and tactic variations and gives children the opportunity to 

discover, create and innovate their actions (Greco, Memmert & Morales, 2010; Bowers, 

Green, Hemme & Chapil, 2014; Pesce et al., 2016). This type of practice might 

encourage the child's ability to think divergently and convergently (Greco et al., 2010). 

To support these statements, research focused on the developmental path predictors of 

creative players showed an association between the time spent in deliberate 

play activities and the increase of creativity in team sports (Memmert & Harvey, 2010). 

Also, a recent study examined if the amount of time spent in two different sport settings 

(structured vs. unstructured) during childhood has a later influence in general creative 

thinking. According to this analysis, time spent in unstructured sport activities was 

positively related to the achievement of creative thinking in adulthood (Bowers et al., 

2014). Likewise, it is also recognized that early participation in highly enjoyable 

activities such as deliberate play builds a sport solid foundation with a long-term effect 

on young players' intrinsic motivation (Ford, Ward, Hodges & Williams, 2009). The 

social learning theory supports the previous statements (Bandura, 1969), it sees 

individual differences in behavior as resulting from early learning experiences. 

According to this theory the children's first experiences in sports will later shape 

sporting behavior and the type of commitment. Thus, coaches should be aware that must 

provide a plenty of positive experiences during the early years. These challenging and 

pleasant environments provide the optimal conditions to nurture the children to continue 

their journey surrounding the fundamental abilities to improve their physical literacy. 

Indeed, creativity and expertise research have not been discussed in parallel. Despite the 

clear evidence about the benefits of the unstructured activities in creativity, the 

magnitude of the effect of joining them with more structured practices in later stages it 

is still unclear. 
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Figure 3. The type of practice pathway and physical literacy structure embodied in creativity training 
stages. 

 

Physical Literacy 

In the last 10 years evidence has grown regarding the importance of physical 

literacy (see Giblin, Collins & Button 2014; Macnamara, Collins & Giblin, 2015). The 

concept describes a holistic engagement that encompasses the ability of an individual to 

use cognitive processes to help children move with confidence in a range of novel and 

challenging environments (see Longmuir et al., 2015). Mainly, at the beginner and 

explorer stages, children should be encouraged to engage with low-structure activities 

that promote a substantial improvement of physical literacy (Lloyd et al., 2015). In 

sports setting, physical literacy is often associated with fundamental movement skills, 

which include the mastery of locomotive (running, skipping, and hopping), 

manipulative or object control (catching, throwing, grasping, and striking), and 

stabilizing skills (balance, rotation, bracing, and twisting) (Lubans, Morgan, Cliff, 

Barnett & Okely 2010; Lai et al., 2014; Jaakkola Yli-Piipari, Huotari, Watt & 

Liukkonen, 2016). However, physical literacy also includes the fundamental game 

skills, in which children learn specific sport skills, such as how to kick the ball without 

an interception of the opposing team. Literate players build up easily a sustained skill 

background that allow them to be more creative. 

Research typically emphasize the transfer hypothesis, suggesting that children 

should acquire fundamental movement skills before learning the related fundamental 

game skills (see Gallahue, Ozmun & Goodway, 2012). For example, young children 

should be first taught throwing patterns in ways that are not sport specific before 

undertaking the learning of specific skills such as the basketball chess pass or handball 

shoulder pass. Otherwise, children may encounter more difficulties when learning 

complex sports skills, which may influence the pursuit of sport excellence. The breach 

of this principle seems to lead to a proiciency barrier, which could affect the 
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progression into complex sports-specific skills being dependent on the prior foundation 

of fundamental movement skills (Seefeldt, 1980; Gallahue & Donnelly, 2007; Kalaja, 

Jaakkola, Liukkonen & Digelidis, 2011; Bryant, Duncan & Birch, 2013). Moreover, the 

previously assumptions are slowly fading away, and the CDF suggests that this 

standpoint surrounding fundamental movement skills might neglect the central tenets 

of physical literacy concept (Whitehead, 2010). This framework argues that the 

essential embodied nature of movement learning can only be understood in relation to 

the environment and cannot be interpreted solely as developing fundamental movement 

skills, which is a very diluted and restricted statement. The postulates of the CDF 

emphasizes the complementarity of fundamental movement skills and fundamental 

game skills (Ford et al., 2011; Smith, 2014), both with equal value in all stages 

contributing to promote versatility and competence to foster “outside the box” thinking 

and acting. 

Considering that physical literacy includes an ability to use cognitive processes, 

the technique should not be taught separately from tactics (Smith, 2014). To reach an 

even more effective performance, the perceptual and decision-making capacities (e.g., 

the perception of teammate's spatial distribution) and inter-limb coordination (e.g., 

shoot as we run) will be needed. In fact, passing the ball in a pre-planned way is totally 

different from passing the ball in response to positioning of teammates and opponents in 

the game. While children learning fundamental game skills, the appropriate technique 

will emerge as natural process of adaptive play. It can be argued that learning certain 

movement skills can only become meaningful when they are applied in ecological sport 

settings (Smith, 2014). During the beginner and explorer stage, the physical literacy 

training provides the proper environment for learning tactical principles, mainly the 

fundamental game principles (dribbling attempts, support and orienting, taking ball near 

the goal and attacking the goal, playing together, achieving advantage, using gaps, 

defending attacking players, defending the goal, and gain the ball). These principles are 

extensively described in the CDF (Memmert & Harvey, 2010; Mitchell et al., 2013), 

which nurture further excitement associated with playing team sports (see Table 1). 

Indeed, the physical literacy training is considered to be the building block of 

sport performance and if players do not excel in the basics, they will hardly display 

creative behaviors (Ennis, 2015). While several theoretical developmental models 

suggest that the trainability of fundamental skills decreases after seven years of age, 
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other studies extend this window at least until twelve years (illuminati stage) (see Ford 

et al., 2011). Despite the lack of studies, the framework also stresses a smaller spectrum 

during the creator and rise stages since physical literacy is conceptualized as a journey 

throughout life span (see Figure 3). Physical literacy training should be maintained in 

the later stages but with different extents. However, the intervention strategies in a long-

term preparation still remain unanswered (Longmuir & Tremblay, 2016). 

 

The Breakthrough of Ecological Constraints 

Evidence from the Dynamical Systems Theory are in line with CDF 

assumptions. Learning theories within the dynamical systems perspective allow to 

respond to the challenges of acquiring functional movement behaviors in dynamic 

environments encountered in all sports (Edwards, 2010). Understanding how movement 

coordination emerges and its acquisition is a central issue. Coordination arises as many 

system degrees of freedom (i.e., movement possibilities) are continuously organized 

taking into account the interaction between learner, the task and environment (Chow, 

Davids, Button, & Renshaw, 2015). A three stage model was proposed to understanding 

how movement system degrees of freedom are continuously evolving (Bernstein, 

1967; Newell, 1985). In the novice stage of learning the body is kept rigid and inflexible 

with restricted movements. Considering that the degrees of freedom are limited the 

coordination solutions are also reduced. Over the course of learning, the advanced stage 

of learning is related with a releasing of the degrees of freedom toward more functional, 

fluid, and smoothly coordinated movements. This stage is characterized by the freeing 

of movement possibilities called synergies as the individual learn how to control and 

coordinate complex movements. Gradually, through this exploratory process, the 

learners' moves into the expert stage of learning marked by the perception of the 

environment interaction. The learner is able to reorganize the degrees of freedom in 

order to reach the most efficient and flexible movement patterns. The information 

available in the performance environment is crucial in shaping how learners reorganize 

their individual motor system degrees of freedom (see Chow et al., 2015). The 

manipulation of tasks constraints can shape the learner's degrees of freedom, since the 

changes in movement patterns leads to a transition from one stable state of motor 

organization toward another (Edwards, 2010). In this sense, acquisition of coordination 
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is an ongoing process. Still, this approach may have a distinct impact on different 

learners, as the acquisition of movement coordination is not a linear process. 

Due to the dynamism and nature of complexity of team sports, the CDF structure 

was grounded in nonlinearity (Davids, Glazier, Araújo & Bartlett, 2003; Harbourne & 

Stergiou, 2009; Chow, Davids, Hristvoski, Eraujo & Passos, 2011; Vilar, Araújo, 

Davids, & Button, 2012; Lebed & Bar-Eli, 2013; Gordon, 2014) from the beginner until 

the rise stage (see Figure 4). Chow and colleagues proposed the term of Nonlinear 

Pedagogy, a constraints-led approach (Chow, Davids, Button, Shuttleworth, Renshaw & 

Araújo, 2007). Nonlinearity is the basis of multistability, which is defined as the 

existence of more than one solution to a goal and is regarded as a crucial element for the 

divergent training upgrading (Hristovski, Davids, Araújo & Passos, 2011; Memmert, 

2015b). Usually, the Nonlinear Pedagogy is putted in practice through the constraints-

led approach which underpins the designed principles emanating from an ecological 

dynamics standpoint and provides a fundamental theoretical impetus for practitioners to 

thrive the creative tactical behavior: (a) manipulation of constraints; (b) functional 

variability; (c) attentional focus (d) representativeness, and (e) the maintenance of 

pertinent information-movement couplings (Chow, 2013; Chow et al., 2015). Firstly, 

the role of constraints has been put forth as a central tenet encouraging the emergence of 

functional movement solutions within game situations (Lee et al., 2014). Typically, task 

constraints can be readily manipulated to boost the discovery and exploration movement 

solutions (Hristovski et al., 2011). The associated variability in task performance 

inspires players to adapt and unlock their creative potential. Indeed, the noise provided 

by these challenging environments promote the exploratory behavior (Schöllhorn, 

Mayer-Kress, Newell, & Michelbrink, 2009) and players will be channeled to functional 

and versatile connections that may lead them to creative behaviors. The CDF reasons 

that the exploratory behavior is a central tenet and a precondition of player's creative 

development that should persist until the rise stage with different magnitudes. 

Moreover, giving opportunities to young players to explore their boundaries is 

fundamental, mainly in explorer and illuminati stages, making them more adaptive 

without being afraid to attempt and risk-taking in competitive situations. Players need 

the opportunity to search for their own task solutions instead of applying standardized 

responses. Therefore, the use of representative environment training situations seems to 

be the way in which players become more proficient at perceiving environment cues 
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and constant changes in game situations. In this sense, the use of more ecological 

training situations allows players to attune relevant sources of information based on 

information-movement coupling. Passing in football, for example, should be developed 

with an opponent attempting to intercept the ball (perform under defensive pressure 

instead of passive or without defenders) and under variable task constraints (game rules, 

space and equipment change). Moreover, a constraints-led perspective can be used to 

sustain the design of training tasks across the learning styles. Concepts derived from the 

Mosston's Spectrum of Teaching Styles (Moston & Ashworth, 1990) reinforce the 

physical literacy and nonlinear previous statements. This theory comprises a spectrum 

moving from teacher-centered to student-centered styles. The further players-centered 

styles of the spectrum, are the most suitable for developing creative players (problem 

solving and creativity styles) (Sicilia-Camacho & Brown, 2008). In the field of sports, 

the Teaching Games for Understanding (TGfU), as a game-centered pedagogy fits 

perfectly with these problem solver styles. 

Over the last twenty-years, research on popular pedagogical approaches such as 

the TGfU has been increasing in scientific literature (Butler, 2014). The focus of TGfU, 

which incorporates key aspects of Nonlinear Pedagogy principles, is to provide 

experiences centered in technical and tactical skills through modified game contexts 

(Tan, Chow & Davids, 2012; Butler, 2014; Harvey & Jarrett, 2014). Additionally, it 

favors the game understanding (e.g., critical-thinking and problem solving skills), since 

technical and tactical skills are developed simultaneously, clearly linked with the 

physical literacy's previous standpoints. Farther, the TGfU approach seems to be a 

suitable way to enhance physical literacy (Mandigo & Corlett, 2010). The framework 

considers these modified games applied in ecological situations, the fingerprint of 

the TGfU approach and the main driver for the tactical creative behavior (Memmert & 

Harvey, 2010). Nevertheless, the main critic pointed out to the TGfU approach is related 

with the progressive loss of the coaches’ responsibility by simply allowing players to 

play games without any criteria. Indeed, designing representative practice tasks can be 

more time consuming and demanding for coaches (Memmert et al., 2015; Renshaw, 

Araújo, Button, Chow, Davids & Moy, 2015). 

In order to promote tactical creativity and to better understand how to 

manipulate the task constraints, the TGfU model embraces four key pedagogical 

principles strongly supported by core principles of nonlinearity: sampling, modification-
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exaggeration, modification-representation, and tactical complexity level (see Tan et al., 

2012; Chow et al., 2015), these are usually implemented in Small-Sided Games (Hill-

Haas, Dawson, Impellizzeri, & Coutts 2011; Travassos, Duarte, Vilar, davids & Araújo, 

2012; Halouani, Chtourou, Gabbet, Chaouachi, & Chamari, 2014). Games with less 

tactical complexity should be taught first, during the explorer and illuminati stages, to 

ensure that novice players understand the game they play. It is important to consider 

that in early stages the constraints should be relaxed to enhance the exploratory 

behavior that consequently leads to a better efficacy and versatility of players actions 

(Hristovski et al., 2011). For these reasons, the CDF sustains that it is reasonable to start 

with simple game formats before raising tactical complexity, in creator and rise stages, 

by introducing Small-Sided Games with higher collective demands (Tan et al., 2012). In 

turn, as the game skills are mastered, the tactical complexity should be increased toward 

a proper adaptive response (Davids et al., 2013). The importance of high task 

complexity has been widely explored in the organizational field and it seems that 

creative people, with a certain level of expertise, tend to be attracted to complexity 

(Chae et al., 2015). To attend this issue, the CDF will use different levels of game 

complexity which gradually increase the tactical creative behavior adapted from 

previous works of Memmert and Harvey (2010), Mitchell and colleagues (2013) (see 

Table 1). Considering the decision-making models, in the nonlinear pedagogy approach 

predominates a naturalistic decision making, which result in a deeper understanding of 

the team member's contributions and the role of the environment in specific situations. 

This will enhance the collective synchrony toward a more effective play, mainly during 

complex situations (Macquet, 2009; Richards, Collins, & Mascarenhas, 2012). 

The CDF links the constraints-led (learner-environment) and TGfU (learner-

centered) approaches in order to sustain the creativity development in team sports. 

Despite both using the core principles of nonlinear pedagogy as a theoretical 

background, it is important to make clear that they are slightly different (see Renshaw et 

al., 2015). These differences are harmoniously aligned allowing to stablish new 

conceptual insights. The key similarities include: (a) their holistic perspective of the 

learner; (b) consider the individual differences of the learner; (c) coach act as a 

facilitator to guide players' discovery; and (d) learning tasks design are sustained on the 

common ideas of representativeness (Renshaw et al., 2015). This framework also 

intends to provide clarification for sport stakeholders on the nature of the synergies that 
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emerge within the dissimilarities between the two approaches. According to the 

framework the TGfU vision and proposals are of particular value until 

the illuminate stage. Significant increase of tactical creativity was confirmed in children 

among 7–10 years of age (Memmert, 2011), possibly indicating the optimal window of 

trainability. In fact, the TGfU is a more educational related approach designed for 

children to understand the generic tactical concepts of team sports and to capture a 

passion for playing games, clearly linked with previous standpoints of diversification 

and physical literacy. Likewise, the use of questioning as a main pedagogical tool 

toward a more critical thinking player. It seems that this approach captures these 

features better than the constraints-led approach, which consist in an advantage in 

supporting a wide-range creativity environment in early stages. Instead, the aim of the 

constraints-led approach is to reach the task goal taking into consideration the several 

possible ways of attaining the final outcome. This approach is more geared to 

performance and supports players to become autonomous of coaches' feedback and 

instructions, thus more indicated from the middle stages of the framework 

(from illuminati stage). 

Further, as previously referred the TGfU sustains a simple to complex 

progression and during the early stages could simplify and boost the players learning. 

At this point, both approaches are distinct since constraints-led stages are not sequential 

(Chow et al., 2007). However, in later stages, given the players already have a sustained 

sport background this nonlinear process is crucial in the exploratory behavior. On the 

other hand, the TGfU approach also advocates taking students out of games to develop 

skills (Butler, 2014). In this point, nonlinear minor adjustments are necessary. Thus, to 

address this issue, the framework reinforces that a few TGfU designs based on the 

principles of nonlinearity would possibly lead to the creation of more effective games. 

For example, creating 1vs1 or 2vs1 situations instead of removing the player from the 

game environment. In middle and later stages (creator and rise stages), the constraints-

led approach should prevail in its fullness. Note that there are minor differences among 

the two approaches that have not been addressed, since they have a trivial contribution 

to the framework. 
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Differential Learning 

Building on current nonlinear pedagogies, differential learning explores the 

fluctuations, and adaptive mechanisms in perception-action coupling through 

performing complex movements without repetitions and adding permanent stochastic 

perturbations in tasks (Schöllhorn et al., 2009; Schöllhorn, Hegen, & Davids, 2012). 

Specifically, this approach proposes infinite variations in technique movement to make 

the player ready to deal with disturbances in competitive environments (Frank, 

Michelbrink, Beckmann, & Schöllhorn, 2008; Schöllhorn et al., 2012). According to the 

current standpoint the variation and adaptability provided by the combination of 

different motor patterns allow players to better reorganize the knowledgeable skills and 

learn new patterns to produce a variety of novel motion configurations. In this sense, the 

players should be challenged in unfamiliar environments with maximal pattern 

variations of the initial situation, for example, the players are instructed to perform 

movement errors instead of avoiding them (e.g. kick a ball with arms raised) 

(Schöllhorn et al., 2006). In fact, differential learning provides a highly improvisation 

demand, one of the most complex forms of creative behavior. Research refers that 

improvisation is a learnable skill that requires a considerable amount of training (Beaty, 

2015). Besides, the framework argues that training for improvisation is associated with 

a releasing effect, appreciated in creative behavior (Sawyer, 2000; Fink & Woschnjak, 

2011; Kleinmintz, Goldstein, Mayselee, Abecasis, & Shamay-Tsoory, 2014). Thereby, 

the CDF suggests that the differential learning volume should have a significant 

increase starting at the illuminati stage and should attain their peak of prominence in 

the rise stage (see Figure 4). Differential learning should be considered with caution 

when it is used with young players, it seems that too much noise can slow the learning 

process. Nevertheless, the sport stakeholders should be aware of the differential learning 

applicability. Thus, this approach should be progressively introduced as the players 

develop their sporting fundamentals. In the illuminati and rise stages the players have 

already gathered an optimized technical-tactical and perceptual background as well as a 

greater game purposiveness. 
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Figure 4. The nonlinear pedagogy assumptions embodied in the creativity training stages. 

 

Summary and Implications 

To ensure a proper creative developmental process, the first developmental 

stages should be grounded on intrinsically motivating and low structured experiences, 

such as the involvement in deliberate play activities instead of high controlled activities. 

However, the transitioning from diversification (where prevails P-creativity type) 

to specialization (possibly an H-creativity type) should gradually occur at appropriate 

developmental times and players need to be correctly guided during this continuous 

change of sport demands. The central tenets of diversified practice lead to an 

enrichment of the physical literacy. The mastery of several motor and game skills 

during the beginner and explorer stages, guides players to move outside the box, to 

think critically and improve their breadth of attention to conveying knowledge to make 

creative connections among several contexts. Furthermore, the Framework sustains that 

creativity can only be requested if the environment request creativity. For this reason, 

players should be prepared for the next unpredictable action, which will imply the 

permanent challenge of adaption mechanisms. The ultimate achievement of tactical 

creative behavior is grounded in the nonlinear pedagogy, which is an important way to 

facilitate the emergence of novel and functional solutions through adaptive movement 

patterns. The manipulation of tasks constraints it is extremely important to promote 

randomness in player's actions. Moreover, these dynamical changes develop exploratory 

behavior that encourage players to discover new action possibilities (improving 

divergent thinking). In fact, the environmental information in team sports changes 

instantaneously, therefore it is extremely important for the players to develop their 

ability to attune the optimal affordances under representative learning environments. 

Additionally, the constraints-led approach and TGfU is a meaningful tool for 

players to perceive the affordances during the game performance. Not devaluating the 

role of cognitive explanations, the CDF stresses the relationship between perception and 

action in the movement systems, which clarify how the learning occurs. Coordination 

emerges as learners adapt their movement behaviors to the constraints. In this sense, the 
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creativity training process should focus on simulated versions of major games using 

small-sided games sustained in several types of constraints. This progression improves 

the tactical behavior learning, which must be grounded in creativity training 

components (attempts, efficacy, versatility, and originality). In later stages, the tactical 

creative behavior also needs to be supported by complex patterns skills acquisition 

through the differential learning approach and with a specialized commitment. These 

approaches make the players more able to adapt against environment disturbances and 

preparing them to perform novel configurations during the game. Thus, the CDF 

stresses that players should be free to explore the possibilities unhindered and create 

without limits throughout all the developmental stages. 

Overall, the CDF scrutinizes the key directions that lead to a sustainable 

development of the creative behavior according to age and expertise in team sports (see 

Table 2). In addition, this article might act as a starting point to understand creativity 

training, which should be gradually implemented in sports structures and physical 

education lessons. It was also highlighted the unpredictable environment in which team 

sports occur and the implications for the design of creativity long-term programs. 

During the developmental stages, the players will express different types of creativity 

(from P-creativity to H-creativity) or they even may never display the H-creativity, but 

certainly in the end they will be more adaptive and functional. As previously mentioned, 

the development of all players is an individualized bio-psycho-social process. Thus, 

coaches should not to wait until the complete skill development, otherwise they need to 

recognize and accept the limits in cognitive and motor maturity that may restrain the 

creative performance. Coaches should inspire players through shaping their 

environment. Nevertheless, we can be sure that we are on track if players feel 

comfortable to think differently without fear of failure, or of take risks, explore new 

behaviors and be innovative during the game. In this regard, the main concern of the 

CDF is how it will be understood and applied by coaches, teachers and practitioners. 

Considering that there is a substantial individual variation in creative development the 

presented stages are general guidelines, so they may not be sequential. During the 

course of all stages, many external factors, which are not mentioned interact and can 

interfere with the process. Still, the framework assumes that all players eventually will 

follow the same sequential pathway from beginner to rise stages and this assumption is 

not always fulfilled. Moreover, the framework only provides the overall early guidelines 
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that should be followed in the clubs or schools, but the creative process continues 

beyond the rise stage. While the players' expertise increase, the likelihood of H-

creativity appearance is higher and often occurs after the rise stage. In this sense, it 

would be necessary to incorporate later stages. However, considering the different 

purposes and structures of professional sports, could be extremely difficult to uniform 

the guidelines to be followed. Thus, the current theoretical framework should be 

considered as a preliminary guideline to support the coaches and teachers' 

understanding of creativity development issues in early stages, which is urgently 

required. Having this assumption in mind, it was suggested that sports stakeholders 

should support and adapt their training programs to embrace the players' creativity. 

Finally, this theoretical framework should be considered as a work in progress that 

offers a substantial potential for enhancing creative behavior. 

 

Table 2. Creativity stages of the Creativity Developmental Framework in team sports. 
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Abstract 

The aim of this study was to examine the effect of an enrichment program in motor, 

technical and tactical basketball skills, when accounting for the age of youth sport 

specialization. Seventy-six college students (age: M = 20.4, SD = 1.9) were allocated 

according to three different paths: (i) non-structured (n = 14), (ii) early specialization (n 

= 34), and (iii) late specialization (n = 28), according to information previously 

provided by the participants about the quantity and type of sporting activities performed 

throughout their sporting careers. Then, the participants of each path were randomly 

distributed across control and experimental groups. Variables under study included 

agility, technical skills circuit, as well as tactical actions performed in a 4-on-4 full-

court basketball game. The results indicated improvements in the early and late 

specialization paths namely in the experimental training groups. However, the late 

specialization path revealed larger benefits, in contrast with the non-structured path, 

which showed less sensitivity to the enrichment program, mostly sustained in physical 

literacy and differential learning. Higher improvements were observed in agility, and 

also in reducing the number of unsuccessful actions performed during the game. 

Overall, this study provided evidence of how early sports experiences affect basketball 

skill acquisition and contribute to adapt to new contexts with motor and technical- 

tactical challenges. In addition, a path supported by late specialization might present 

several advantages in sport performance achievement.  

 

Key words: Nonlinear pedagogy; skill acquisition; performance analysis; team sports  
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Introduction  

Athletes in contemporary team sports are being developed through paths that are 

characterized by specialized participation in early childhood, promoting highly 

structured training as the answer to current competitive demands (Baker, Horton, 

Robertson-Wilson, & Wall, 2003). However, a substantial body of research claims that 

a later specialization does not limit access to elite performance (Côté, Lidor, & 

Hackfort, 2009; Leite, Baker, & Sampaio, 2009; Moesch, Elbe, Hauge, & Wikman, 

2011), especially in sports where peak performance is reached after maturation and the 

predominant motor skills tend to excel at older ages. In fact, a better understanding of 

the age of peak competitive performance should be useful in adjusting long-term athlete 

involvement in sport (Allen & Hopkins, 2015). 

Researchers discussed positive implications of a diversified path such as the 

transference of patterns between related sports (Abernethy, Baker, & Côté, 2005; 

MacNamara & Collins, 2015; Rees et al., 2016), mainly due to the different 

environments and stimuli experienced through different contexts. Moreover, this 

transfer could benefit players’ performance in their main sport (Baker, Côté, & 

Abernethy, 2003). Therefore, scientific evidence indicates that the greater the number of 

sports practiced prior to specialization, the lower the number of hours of specific 

training required to be recognized as an expert (Leite, Santos, Sampaio, & Gomez, 

2013). The hours accumulated both in the main sport and other sports or even in 

unstructured activities may also be helpful for developing in-game pattern recognition 

and decision-making in other sports (Baker et al., 2003; Memmert, Baker, & Bertsch, 

2010).  

The involvement in multiple sports activities nurtures physical literacy (Côté & 

Vierima, 2014). Physical literacy can be described as the motivation, confidence, 

physical competence, knowledge and understanding needed to maintain physical 

activity during one’s life course (Longmuir et al., 2015). The combination of basic 

movements is essential to learn new movement knowledge in a variety of domains and 

sports (Giblin, Collins, & Button, 2014; Lai et al., 2014). Basketball requires the 

mastery of multiple skills that depend on a proper development of fundamental motor 

skills and fundamental game skills, regarded as the basis of physical literacy training 

(Smith, 2014). While the fundamental motor skills embrace the mastery of locomotive, 

manipulative and stabilization skills, the fundamental game skills include specific and 



Chapter 3  
 

 55 

complex sports skills that players should use according to the positioning of their 

teammates and opponents during the game (Jaakkola, Yli-Piipari, Huotari, Watt, & 

Liukkonen, 2016; Lubans, Morgan, Cliff, Barnett, & Okely, 2010). As so, the training 

of fundamental motor skills is likely to be useful to enhance a game-related 

performance (Faude, Koch, & Meyer, 2012; Scanlan, Tucker, & Dalbo, 2014). In fact, 

training in pre-planned formats allows to improve motor abilities in it fullness. 

Moreover, these tasks are more accurate to exactly quantify the players’ loads when 

compared with training in representative environments. Therefore, it is crucial to 

develop a skillful repertoire and the combination of these basic movements is essential 

to foster the new learnings that are required in basketball as well as in a variety of other 

sports. 

Inspiring players to create novel ways to respond and make adaptive changes in 

their movement patterns to overcome game challenges is an important aspect of their 

training process (Chow, Davids, Button, & Renshaw, 2015; Santos, Memmert, 

Sampaio, & Leite, 2016). The non-linear pedagogy underpins the designed principles 

emanating from an ecological dynamics standpoint: manipulation of constraints; 

functional variability, attentional focus, representativeness, and the maintenance of 

pertinent information–movement couplings (Chow, 2013). Building on non-linearity, 

differential learning is characterized by limiting movement repetition and promoting 

adaptive and functional task-specific behaviors (Schöllhorn, Mayer-Kress, Newell, & 

Michelbrink, 2009). In this sense, the players are encouraged to explore new movement 

solutions instead of focusing on the perfect technical execution associated with 

variability in task performance (Schöllhorn, Hegen, & Davids, 2012). This approach 

nurtures the player’s ability to deal with game disturbances, thereby allowing them to 

improvise new behavioral patterns and prevent standardized actions. 

Expertise in any sport is dependent on several interacting factors (Phillips, 

Davids, Renshaw, & Portus, 2010), however, to our knowledge, there have been no 

previous studies of how early sport experiences influence the ability to perform game 

skills efficiently. This particular topic on the relationship between early sport 

experiences and the effect of enrichment programs remains unexplored. Perhaps, a more 

critical issue is to confirm whether early involvement in multiple sports could be more 

advantageous to an early specialized practice. Therefore, the aim of this study was to 

examine the effects of a physical literacy and differential learning program in motor, 
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technical and tactical skills when accounting for the age of youth sport specialization.  

 

Methods  

Participants  

Seventy-six college students (age = 20.4 ± 1.9) pursuing physical education 

degrees volunteered to participate in this study. First, researchers sorted the participants 

into three categories: non-structured practice (n = 14), early specialization (n = 34) and 

late specialization (n = 28), based on their previous sport experiences. Afterwards, to 

assess the effects of the enrichment program, the participants who were previously 

allocated to different paths were randomly distributed across control and experimental 

groups. According to the syllabus of the curriculum, the students were attending 

basketball classes, with two practical classes per week (120 min/ class). Through 

practical experience in the game, the teacher aimed for students to acquire a set of skills 

that made them both knowledgeable about the game and able to teach it in various 

context of practice (at its most basic level). Participants received a clear explanation of 

the nature and the demands of the study and completed informed consent prior to 

testing. The study protocol was approved and followed the guidelines stated by the local 

Institutional Research Ethics Committee and conformed to the recommendations of the 

Declaration of Helsinki. 

 

Categorisation of sport experiences  

Each participant completed a questionnaire designed to obtain detailed 

information about their sport path, providing a longitudinal profile about their 

involvement in structured and non- structured sports activities (Leite et al., 2009). This 

procedure provided quantitative and qualitative information about sports activities that 

participants had performed throughout their sporting career. The researchers presented a 

brief explanation of the questionnaire, which was then completed in a quiet group 

environment, lasting between 30 min and 1 h. The first section of the questionnaire was 

dedicated to establishing a demographic characterization of the participant’s sporting 

career, including the age at which they started sports practice, practicing their main 

sport focused on a single sport (i.e., specialization) and the type of sports practiced. The 

second section of the questionnaire explored the number of sports and the amount of 
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time spent on sports activities in a year-by-year description, as well as the partial and 

total number of hours spent in those activities. In this description, free practice included 

the time spent in unstructured activities (e.g., street soccer) (Côté, Baker, & Abernethy, 

2003). In contrast, deliberate practice consisted of activities associated with structured 

activities and coupled with high amounts of specific training (Hambrick et al., 2014). 

Specific deliberate practice only considered the time spent on the main sport. Non-

specific deliberate practice indicated the time spent in all structured sports activities 

experienced during a participant’s sport pathway.  

Following this procedure and after a detailed examination of the longitudinal 

sport career of each participant, researchers sorted the participants into three categories: 

non-structured practice (which in this exploratory analysis is a result of a non-existing 

sporting background), early specialization or late specialization. The definition of the 

last two categories follow the guidelines of the Long-Term Athlete Development model 

whose framework and implications have been extensively reviewed (Ford et al., 2011). 

 

Enrichment program design 

A two-group parallel randomized, longitudinal (pretest–post test) design was 

used. The enrichment program lasted for 8 weeks for a total of 16 classes and consisted 

of 2 tests, first (pretest) and last (posttest), and 7 weeks of specific training (twice per 

week). For both groups (control and experimental), classes were carried out in 

accordance with a standardized structure that included: (a) warm-up (10 min); (b) 

basketball skills set (45 min), which included tasks focusing on the acquisition and 

improvement of technical and tactical skills in basketball; (c) small-sided basketball 

games (30 min); and (d) a 5- on-5 basketball game (15 min). The experiment was 

single- blind and the tasks designed for both groups were similar, except for the 

basketball skills set (see Table 1). 

During the basketball skill set of each class, the control group was exposed to 

basketball-specific skills through the traditional repetition method of learning, while the 

experimental group was submitted to an enrichment program. Moreover, the guidelines 

of the experimental group program were: (a) physical literacy, consisting of training the 

fundamental movement and game skills required for all sports. These tasks were carried 

out in pre-planned formats and in representative game situations; (b) differential 
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learning approach, where movement skills are challenged in dynamic contexts and the 

acquisition of knowledge occurs as a consequence of indeterminate interactions between 

learners and the environment. The designed principles were followed: manipulation of 

constraints; functional variability; attentional focus, representativeness, and the 

maintenance of pertinent information–movement couplings (for refs see Chow, Davids, 

Hristovski, Araújo, & Passos, 2011). During the enrichment program, the participants 

had to execute several variations in technique movement (10 variations per session, 

repeating each three times). Specifically, the participants experienced a wide range of 

new and different movement stimuli (i.e., one eye closed, arm behind the body, arm 

lifted straight up, rotated arm, doing math, juggling a balloon, playing with two balls, 

using different types and sizes of balls, and playing with the non-dominant limb) (see 

Table 1). Additionally, the enrichment program was intended to emphasize the motor, 

cognitive, and perceptual development that contribute to better game decision and 

improved breadth of attention. To favor a wide breadth of attention, the role of 

constraints has been put forth as a central tenet and was also induced by certain 

behaviors on the part of the teacher. The methods of instruction and constraints may 

control the focus of attention (Memmert & Roth, 2007). 
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Table 1. Training plan structure for the experimental and control group. 

 

 

Variables  

The variables included to identify the effects of the enrichment program were: 

agility, technical skills, and tactical actions performed in a 4-on-4 full-court basketball 

game. Each testing session started with a 15-minute standardized warm-up, including 

jogging, bilateral movements, dynamic stretching, and small-sided games. Also, before 

the pre-test measurements, participants were familiarized with the tests to avoid 

potential learning effects (two executions). Researchers used a set of multilateral tests, 

Illinois Agility Test (Agility), to measure each participant’s ability to turn and 

accelerate in different directions at different angles (Pauole, Modele, Garhammer, 

Lacourse, & Razonek, 2000). Participants were required to start each trail from a 

standing position 1 m behind the sensor with both of their feet behind the starting point. 

On command, the participants: (i) sprinted 10 m forward to the center cone and touched 

the top of it with their right hand; (ii) sidestepped 5 m to the left cone and touched its 
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top with the left hand; (iii) sidestepped 10 m to the far right cone; (iv) sidestepped back 

to the left to the center cone; and then (v) ran 10 m backward to the finish line. The 

participants repeated the test if they failed to run the course as instructed. The sprint 

time was measured using a Witty photocell system (Microgate, Bolzano, Italy) located 

at the starting and finishing lines. The participant started each sprint from a standing 

position 0.5 m behind the sensor. Two trials were recorded, with at least a 5-min rest 

between tests and the faster of the two trials was considered. 

A Taco Bell skills challenge measured the sport-specific skills it was adapted 

from a contest held as part of the All-Star Weekend (NBA), to test passing, ball-

handling, and shooting ability (see Figure 1). Initially, the participant performs a lay- 

up, then swerves around four cones by dribbling and performing a chest pass to a 

circular bounded area (with a diameter of 0.56 m and sitting 1 m above the ground). 

Then the participant performs a jump shot 2 m from the basket, followed by a bounce 

pass to another circular bounded area (with a diameter of 0.56 m and sitting 0.80 m 

above the ground), and once again dribbles between four obstacles to finish with a new 

lay-up. The participant only advances in the circuit when his actions are successful (e.g., 

he must make a lay-up or pass the ball into the bounded area). Researchers collected the 

total time spent to complete the challenge. Two trials were recorded with at least 15 min 

between tests and only the faster of two trials was considered. In all previous tests, the 

participants did not receive verbal encouragement. 

 

 

Figure 1. Taco Bell skills challenge, adapted from a contest held on the Saturday before the annual All-
Star Game (NBA).  
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Measurements also included a 4-on-4 full-court basketball game, where the 

examination of participants’ actions was divided into successful and unsuccessful 

actions. A number of tactical actions were considered. Triple threat position, refers to 

the initiative of the player with the ball that puts him in a position to (either) pass, shoot, 

or dribble. The action was considered unsuccessful when the player received the ball 

and did not square up with the basket and/or did not protect the ball. A field goal refers 

to any basket scored or missed on any shot other than a free throw and is worth two or 

three points depending on the distance of the attempt from the basket. Pass and cut 

refers to the player movement without the ball towards the basket after a successful 

pass. This action was counted as unsuccessful when the player with the ball passed to a 

teammate and then stood in the same position. Explore 1-on-1 game refers to the 

initiative of the player with the ball, who after weighing the time and space available, 

decides to play against his direct opponent in order to score the basket. The action was 

regarded as unsuccessful when the player with the ball cannot overcome the defending 

player and move towards the basket (defending player stole the ball, player with the ball 

could not gain space between the defender and the basket or lost the ball).  

All indicators were normalized according to the standard measure of 100 ball 

possessions in order to account for differences in game space (Sampaio, Ibánez, & 

Lorenzo, 2013). Two digital video cameras were used to record the 4-on-4 game. After 

each session, individual performance actions were observed and independently recorded 

for each participant on a grid specifically designed for this purpose. The intra- rater and 

inter-rater reliability were high (above 0.91 and 0.90, respectively). 

 

Reliability of questionnaire information  

As the questionnaire task relied extensively on the retrospective recall of the 

participants and because of the complexity and depth of information they were required 

to recall, measures were taken to cross-validate the data provided by the participants. 

These measures have been extensively reviewed in the literature (Baker et al., 2003; 

Leite et al., 2009). Verification of reliability for the number and type of early activities 

and the average minutes spent in practice/week as reported by the participants was done 

by temporal stability of the measures, thus 10% of the sample was asked to fill out the 

questionnaire again 1 month after the first data collection. To examine the 
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correspondence of the information reported by the participants at both time points the 

per cent agreement was computed (Bahrick, Hall, & Berger, 1996). There was a high 

agreement (96%) and the correlation estimated was r = 0.80 (P < .05), between the 

information given by the participants on both occasions. To establish validity, a sample 

of the participants’ parents (n = 23) were asked to confirm the number and type of early 

activities and minutes of practice that were provided by the participants (Baker et al., 

2003). There was also a high agreement (93%) between the total number of activities 

reported by the participants and the total reported by their parents. The correlation for 

the number of practice minutes per week estimated by the participant and the 

comparable estimate provided by their parents was r = 0.69, reasonable level of 

concordance considering the amount of time over which recall was required. 

Collectively, these results indicate the data are reasonably valid and reliable. Measures 

were also taken to solve problems with incomplete questionnaire, or even with unclear 

descriptions of the participant’s sporting career. In these cases, the researchers chose to 

exclude the participants from the study. 

 

Statistical analysis  

The effects were tested using an analysis of covariance, were the pre-test scores 

used as the covariate, the post- test scores as the dependent variable and the group 

assignment as the independent variable (Van Breukelen, & Gerard, 2006). Due to the 

nature of the variables, the previous procedure was parametric (ANCOVA) for the 

Agility and Taco Bell results and non-parametric (Quade test) for the remaining 

variables (triple threat position; field goals, pass and cut, and explore 1-on-1 game). The 

questionnaires were analyzed with intra-class correlation coefficients. All data were 

analyzed with the statistical package SPSS for Windows, version 21 (SPSS Inc., 

Chicago, IL). The level of statistical significance was set at P ≤ .05. Descriptive 

statistics are mean ± SD unless otherwise stated. Data were assessed for clinical 

significance using an approach based on the magnitudes of change (Hopkins, Marshall, 

Batterham, & Hanin, 2009). Effect sizes (ES) were also calculated for each of the key 

comparisons in the experiment. Each ES was calculated following the procedures 

outlined in Thomas, Nelson, and Silverman (2011) with pooled standard deviations 

rather than control group standard deviations selected as the most appropriate 

denominator. Threshold values for Cohen’s d ES statistics were 0–0.2 trivial, >0.2–0.6 
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small, >0.6–1.2 moderate, >1.2–2.0 large, and >2.0 very large. Relative differences (%) 

between groups are expressed with 95% CI. 

 

Results  

The participants’ additional activities prior to their specialization are presented 

in Tables 2 and 3. The comparison of early sport experiences between early and late 

specialization paths confirmed a predisposition to an earlier focus on a single sport in 

the early specialization path. Note also the higher number of hours spent in specific 

deliberate practice by this group. The absence of the non-structured path in this 

exploratory analysis is related to the non-existence of a sport background. The 

participants included in the late specialization path practiced more types of sports during 

their sporting career as compared with their counter parts. The results from the non- 

structured path, including control and experimental groups revealed no significant 

differences, indicating that the enrichment program had no effect in the variables 

measured (Table 4). In the early specialization path, significant differences were found 

in the agility test (F = 5.06, P ≤ .05, d = 0.99 [0.26,1.72]) and also for unsuccessful 

actions for pass and cut (F = 7.66, P ≤ .05, d = 0.49 [−0.2,1.19]), with improved results 

for the experimental group (Table 5). Thus, the results indicated a positive influence 

from the enrichment program on previous variables. 

The effect of the enrichment program was more expressive for participants who 

were included in the late specialization path (Table 6). The experimental group 

improved in agility test (F = 5.13, P ≤ .05, d = 0.65[−0.13,1.42]) and decreased time 

spent to complete the Taco Bell test (F = 9.39, P ≤ .05, d = −1.27 [−2.11, −0.44]). The 

benefits of the program were also identified as a decreased number of unsuccessful 

actions such as triple threat position (F = 4.37, P < .05, d = 0.56 [−0.21,1.33]) and pass 

and cut (F = 7.99, P < .05, d = 0.74 [−0.04,1.52]). However, the experimental group also 

decreased the successful field goals in the game performance (F = 6.05, P < .05, d = 

1.17 [0.35,1.99]). 
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Table 2. Sport career milestones (mean, SD, minimum and maximum in years of age) for the early 
specialization and late specialization paths. 

 

 

Table 3. Additional activities that the students participated prior to specialization. 

 

Sports in which the participants were involved less 9 months were excluded. 
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Discussion  

The aim of this study was to examine the effect of a physical literacy and 

differential learning program in motor, technical and tactical basketball skills, when 

accounting for the age of youth sport specialization. The results suggest that the 

enrichment program was beneficial in the early and late specialization paths but with 

different extents. Globally, the experimental group of late specialization path revealed 

the largest benefits, in contrast with the non-structured path, which demonstrated no 

significant improvements in both the control and experimental groups. Interesting 

effects of the program seems to be related to the overall improvement in motor skills, 

such as agility, and in the decrease of unsuccessful actions observed during the 

basketball game situation (mainly in pass and cut and triple threat position variables). 

These results confirmed improvements in a population whose average age is 20 

years. This outcome can be explained since the enrichment program was sustained in 

pre-planned activities and through representative games. Recently, it was pointed out 

that training grounded in small-sided game formats is an alternative for agility 

development since enhancing the speed of decision-making rather than movement speed 

(Paul, Gabbett, & Nassis, 2016; Young & Rogers, 2014). It seems that an enrichment 

program that required both pre-planned motor and cognitive stimulus pro- vides an 

enhancement of the agility (Chaouachi et al., 2014; Lennemann et al., 2013), mainly in 

players with a well-sustained sport experience (i.e., early and late specialization paths). 

Notwithstanding, the results reinforced the program as an effective method for 

the improvement of technical basket- ball qualities, but only in the late specialization 

path. In fact, the physical literacy and differential learning approaches played an 

important role in skill acquisition since it continuously increases the degrees of freedom 

(Frank, Michelbrink, Beckmann, & Schöllhorn, 2008; Schöllhorn et al., 2012; Smith, 

2014). Additionally, the results stressed that the participants from the late specialization 

path adopted more fundamental basketball tactical principles related to offensive 

actions, such as pass and cut and triple threat position, while the early specialization 

path improved only in pass and cut variables. This intentional adjustment probably 

occurred as an improvement of the players’ game perceptions (Schöllhorn et al., 2012), 

revealing a better understanding and a high quality of the game by the end of the 

enrichment program. These findings can be explained by an important aspect related 

with the nonlinearity presented in the differential learning approach which is associated 
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with the role of functional movement through enhancing adaptive behaviors (Chow et 

al., 2015; Santos et al., 2016). In fact, this approach favors skills development through 

an interactive process between the players, the constraints, and the environment (Chow, 

2013; Chow et al., 2015). The representativeness achieved through the manipulation of 

constraints allowed the development of players’ ability to attune the information with 

appropriate actions, resulting in intelligent and informed decisions based on their own 

actions, as well as those of their teammates and opponents (Fajan, Riley, & Turvey, 

2009). In the non-linear process predominates a naturalistic decision-making, which 

result in a deeper understanding of the game decreasing the game mistakes (Macquet, 

2009; Richards, Collins, & Mascarenhas, 2012). These practice conditions provide 

opportunities to increase the focus of attention, and consequently the identification of 

relevant information patterns and possibly explain the decrease in the number of 

unsuccessful actions (Memmert, 2011). Still, the decrease of field goals (successful 

actions) in the experimental group of the late specialization path is likely the result of a 

better improvement in a general game quality, in a way that means players have fewer 

opportunities to achieve success. 

 

Table 4. Descriptive and inferential statistics for the non-structured path.  

 

Significant differences at P < .05.  

 

 

 

 

 

Table 5. Descriptive and inferential statistics for the early specialization path. 
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A Cohen’s d between 0–0.2 is trivial, >0.2–0.6 is small, >0.6–1.2 is moderate, >1.2–2.0 is large, >2.0 is 
very large. Significant differences at P < .05.  

 

Table 6. Descriptive and inferential statistics for the late specialization path.  

 

A Cohen’s d between 0–0.2 is trivial, >0.2–0.6 is small, �>0.6–1.2 is moderate, >1.2–2.0 is large, >2.0 is 
very large. Significant differences at P < .05. 

 

Moreover, the different expressions of the motor, technical and tactical 

improvements promoted by the enrichment program could be related to the early sports 

experiences. The exposure to a range of different sports environments could explain the 

greater improvements in agility, basketball technical skills, and the decrease of pass and 

cut and triple threat position unsuccessful actions during the game performance, 

observed in the late specialization path (Côté & Vierimaa, 2014; Leite et al., 2013; 

Lloyd et al., 2015; Moesch et al., 2011). In fact, the aforementioned sporting career 

milestones showed that participants, who had a late specialization path, accumulated a 

larger number of additional sports activities. The participants included in this path 

practiced more sports during their sporting career as compared with their counterparts in 

the early specialization and non-structured paths. It seems that a late specialization path, 

in which participants practiced more sports and experienced different contexts 

contribute to a better ability to adapt to new contexts with differential challenges 

triggered by the enrichment program. In fact, it was previously showed that additional 
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activities (such as other sports where dynamic decision-making is necessary) during the 

sampling years increased the motor, cognitive, perceptual, and pattern recognition skills 

and could be transferred from one sport to another (Abernethy et al., 2005; Causer & 

Ford, 2014; Giblin et al., 2014; MacNamara & Collins, 2015). 

Perhaps most surprising were the values of the experimental and control group 

among the non-structured path, which regardless of the overall improvement did not 

achieve significant differences between tests. However, the explanation for this result 

may be related precisely to this issue of trainability. For instance, while participants 

included in the early and late specialization paths developed basketball-related skills (to 

a greater or lesser extent), possibly the participants with a non-structured path may not 

acknowledge the fundamental skills, which limit the possibilities of making significant 

improvements. The lack of sports experience seems to impair the participants’ 

fundamental motor basis. In this sense, the magnitude effects of the enrichment program 

also depend on the participants’ sport background. Thus, the program did not seem to 

give short-time benefits to participants with a non-structured path. Possibly, a 

combination of learning new specific skills and adding extra noise may impair 

performance for less experienced players. 

Overall, the results reinforced the importance of early sport experiences in motor 

and technical-tactical basketball skill acquisition. A diversified path nurtures a better 

adaptability in learning sports skills, even if the participants were exposed to 

unconventional approaches. However, the literature has not been able to confirm if early 

sampling is more efficient for developing in a set of skills that are considered critical 

and that ultimately may be transferred between sports and even facilitate success in a 

main sport (Rees et al., 2016). Nevertheless, the coaches and teachers should be aware 

of the differential learning applicability, since it was effective only in individuals with a 

consistent sport background. In this sense, the differential learning should be considered 

with caution when it is applied to young players who are starting in sports. Despite the 

aforementioned effects of the enrichment program, further investigations are necessary 

in order to reinforce the current findings. Still, it is important to increase the number of 

participants, mainly with a non-structured path, and control the previous basketball 

experiences for all paths. 
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Conclusion  

Overall, this work shows how previous sport experiences may affect skills 

acquisition and contribute to adaptation to new sport contexts that requires motor and 

technical-tactical challenges. The study demonstrated that the late specialization path 

revealed the largest benefits to the enrichment program, in contrast with the non-

structured path that demonstrated less sensitivity. These results reinforced the idea that a 

diversification may lead to several advantages in later sport performance. In addition, an 

enrichment program sustained by physical literacy and differential learning provides a 

large impact on agility enhancement in both paths. On the other hand, the program was 

effective in improving several technical basketball skills presented in taco bell challenge 

but only in the late specialization path. As well as, in the game variables, since 

participants adopted more fundamental basketball tactical principles related to offensive 

actions, such as pass and cut and triple threat position, while the early specialization 

path improved only in pass and cut variables. This type of enrichment program is 

ideally suited for fostering specific sport skills; however, it seems that the extent of the 

effects depends on the performers’ sport background.  
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Abstract 

Team Sports has been suggested as a suitable environment to investigate creative 

behavior. This study’s purpose was two-fold: first, it intended to identify the effects of 

the Skills4Genius sports-bases training program in thinking, motor, and in-game 

creative behavior in team sports. Second, it aimed to investigate the relationship 

between creative thinking and in-game creativity. Forty children from primary school 

were allocated into control (n = 18, age: 9.2±0.4) and experimental (n = 22, age: 

9.5±0.7) groups. The experimental group participated in a five-month training program 

involving either creative thinking, diversification, physical literacy, and nonlinear 

pedagogy approaches (Skills4Genius). Variables in the study included: a) creative 

thinking; b) motor performance (vertical jump, speed, and agility); c) in-game 

individual creative behavior (attempts, fluency, and versatility); and d) in-game 

collective behavior (positional regularity). The results suggested that the Skills4Genius 

program fostered creative thinking, agility, and speed performance. Moreover, it 

stretched the in-game individual creative behavior mainly through the improvement of 

the attempts and versatility of the player’s actions. Lastly, it nurtured a better learning of 

the tactical principles, whereas the children were more coordinated with their 

teammates’ and opponents’ positioning. Additionally, this study presents a positive 

correlation linking creative thinking and in-game creative performance. These findings 

highlighted that creativity is facilitated while players become more thinking and game-

skilled. Coaches and educators may apply this functional environment to inspire 

children’s disposition to move outside the box and trigger a creative spark in team 

sports players. Notwithstanding, the sports environment is ideally suited for fostering 

creative behavior, a higher-order disposition that will go on to differentiate the everyday 

life of a child. 

 

Key words: exploratory behaviour, diversification, physical literacy, nonlinear 

pedagogy, differential learning. 
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Introduction 

Creativity in team sports inspires players to achieve remarkable behaviors that 

contribute to sports upgrade. A creative player must be able to move and attune outside 

the box under the guidance of the sports environment. Thus, he will be able to solve 

specific game problems in a novel, feasible, unexpected, and original way by starting a 

single act or flowing in a collective action that will lead to the team’s success (Santos, 

Mememrt, Sampaio, & Leite, 2016). Despite the complexity of the concept, findings 

suggest that creativity is a disposition that can be improved through optimizing the 

environment and developing proper training programs (Hunter, Bedell, & Mumford, 

2007; Runco, 2014; Ma, 2006). Creative behavior can be reached throughout a long 

preparatory process, which in the early years prevails the Personal-creative type and 

thereafter a possible Historical-creative type. The P-type is internal to the player and it 

is related with the exploration of new behaviors to overcome individual limitations. 

Otherwise, the H-type is a behavior widely recognized as innovator and usually 

expressed in the creativity concepts (Boden, 1996). Currently, there is a clear need for 

creativity and consequently, it is required to invest in programs that are designed to 

empower this skill during the lifespan (Runco, 2004). 

Nowadays, the environment created for players stifles their creative potential 

instead of stretching their thinking and technical-tactical variability. To change this 

prospective, the latest research recommends several tenets that training programs should 

take into consideration to boost creativity in team sports settings (Santos et al., 2016). 

The Creativity Developmental Framework guidelines proposes a holistic perspective 

which underpins the following approaches: i) diversified practice; ii) physical literacy 

(learning the fundamental movement and game skills); iii) nonlinear-pedagogy which 

encompasses the teaching games for understanding and differential learning and iv) 

creative thinking (divergent and convergent thinking). The training program 

assumptions adopted in this study were sustained in the exploratory stage of the 

previous Framework. An integrated contribution of these approaches assures the 

optimal conditions to nurture the creative behavior (Santos, et al., 2016). 

The previous Framework highlights the relationship between the sport 

participation and the general development of creative thinking outside of the sport 

context, as well as reinforces the importance of training the general creative thinking as 

to reach full creative potential in the field. In other words, is it really possible to develop 
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creative thinking through team sports? Will nurturing general creative thinking form 

open mind players which exploit original possibilities in the game? What are the 

appropriate contextual conditions that may arouse this disposition? Several findings 

revealed the positive impact of team sports participation on children’s cognitive 

functioning (Alesi, et al, 2016; Tomporowski, Davids, Miller, & Naglieri, 2008) but 

their role on the underlying cognitive mechanisms related with creativity still remains 

inconclusive. However, it seems that physical exercise enhances divergent and 

convergent thinking, both considered the main ingredients of creativity (Tomporowski, 

et al., 2008; Colzato, Szapora, Pannekoek, & Hommer, 2013). Divergent thinking 

consists of identifying a range of possibilities to solve problems in an original way 

(Runco & Acar, 2012). However, divergent thinking should not be misunderstood as 

being synonymous with creativity. In fact, convergent thinking also plays an important 

role in the creative process, guiding players towards the single best and most unusual 

option (Colzato, et al., 2013). 

An important starting point to bridge the gap of how to nurture a mood of generating 

novel solutions is to create enabling environments that reward curiosity and exploration, 

enhance intrinsic motivation, encourage risk taking, give opportunities for choice and 

discovery, and also nurture self-management skills (Griggs, 2009). In this endeavor, 

several sports training-related variables are placed in evidence. A growing body of 

research demonstrated the effectiveness of a diversified training program sustained in 

deliberate play to develop creative behavior (Mememrt, 2006). It seems that the 

involvement in many different sports/game situations during the early years is 

mandatory to improve creativity (Memmert, Baker, & Bertsch, 2010). Further, 

deliberate play is considered to be fertile ground for the enhancement of creative 

expressions (Bowers, Green, Hemme, & Chalip, 2014). The low structured and playful 

environments provide freedom to explore a broader range of solutions to overcome 

game problems (Côté & Vierimaa, 2014; Santos, Mateus, Sampaio, & Leite, 2016). 

Additionally, these open environments tend to display a myriad of divergent ideas in 

other non-specific domains (i.e., figurative, verbal, writing and arts) (Garaigordobil, 

2006). 

In this regard, it is also recognized that early participation in highly exploratory 

activities builds a solid foundation of physical literacy (Giblin, Collins, & Button, 2014; 

Lai et al., 2014). This concept transcends the physical domain, including one’s ability to 
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use cognitive processes, such as reading environmental information and using those 

cues to respond successfully with intelligence and imagination (Longmuir, et al, 2015). 

In the sport settings, physical literacy is usually associated with the mastery of 

fundamental motor skills (i.e., speed, agility, jumping) that should be taught in a 

complementary way with the fundamental sports skills (i.e., learning to kick the ball 

without an interception of the opposing team) to move competently in all types of 

environments (Smith, 2014). In football, for example, the jumps, straight sprints, and 

the change of directions are the more frequent movements that precede goal-scoring 

opportunities (Faude, Koch, & Meyer, 2012). However, to make a proper decision, it is 

essential to identify the environmental cues, such as the opponents’ and teammates’ 

displacements. Nevertheless, most of the research focuses only on individual aspects of 

creativity and fully neglects the dynamics of team coordination, because groups can also 

generate creative ideas together (Bourbousson, Kiouak, & Eccles, 2015). Therefore, the 

mastery of both fundamental skills, which are considered the building blocks of sport 

performance, provide the basic tools to trigger skillful and creative behaviors. 

An important feature is that creativity can only be requested if the environment 

requests creativity. Thus, creativity training programs must be grounded in nonlinearity. 

A nonlinear pedagogy provides contextual interference conditions for training 

functional and novel solutions within a set of specific task constraints (Lee, Chow, 

Komar, Tan, & Button, 2014; Chow, 2015 Chow, Davids, Button, & Renshaw, 2015). 

Commonly, these types of constraints can be readily manipulated to boost the 

exploratory behavior and unlock the player’s divergent thinking (Hristovski, Davids, 

Araújo, & Passos, 2011; Hristovski, Keith, Passos, & Duarte, 2012). Several nonlinear 

principles are usually incorporated in game-centred pedagogies, such as the Teaching 

Games for Understanding (TGfU) approach (Tan, Chow, & Davids, 2012; Harvey & 

Jarret, 2006). The TGfU interacting environment provides multi-stability, which means 

more options for players to make decisions, which requires a broader attentional 

demand, and in turn, assures an adequate development of the breadth of attention 

(Memmert, 2015; Furley & Memmert, 2013). A wide breadth of attention allows 

players to better attune and perceive environment cues in order to pursue and generate 

novel solutions (Kreitz, Furley, Memmert, & Simons, 2015; Moy, Renshaw & Davids, 

2015). Still, the key pedagogical principles of nonlinear pedagogy lead to higher levels 
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of intrinsic motivation a crucial assumption to maintain the children committed in sports 

(Moy, Renshaw, & Davids, 2015). 

For creativity training, a nonlinear intervention should be coupled with the 

differential learning method, which focuses on the movement variability that occurs 

without movement repetitions or corrections during the skill acquisition process 

(Schöllhorn, Hegen, & Davids, 2012; Henz & Schöllhorn, 2012). This approach is 

considered nonlinear because it encourages children to explore the adaptive mechanisms 

through applying infinite variations in technique movements to ready them for dealing 

with disturbances in game settings (Frank, Michelbrink, Beckmann, & Schöllhorn, 

2008; Farrow & Robertson, 2016). The available research has revealed that successful 

learners demonstrated several instances of kicking pattern variability and higher 

exploration during the training sessions (Chow, Davids, Button, & Rein, 2008). 

Creativity is strengthened by the improvement of the movement variability, which 

facilitates the player’s technical-tactical exploration. This differential preparation is 

filled with adversity and allows a better reorganization of the knowledgeable skills and 

the learning of new patterns to produce novel movements and tactical arrangements 

(Farrow & Roberston, 2016). Possibly, this functional climate underpinned in the 

training program serves as a precursor for creative actions, since a child tends to pursue 

several alternatives to solve a problem using unconventional methods. 

Creativity research related to sport has focused specially on understanding the 

impact of particular training programs only on the enhancement of sport-specific 

creativity. In fact, the combined influence of creative thinking, diversification, physical 

literacy and nonlinear pedagogies in a single training program remains unexplored. 

However, it is also crucial to comprise the effects of this type of programs on the 

general creative thinking. To address these issues, the aim of this study was two-fold: 

firstly, it intends to identify the effects of the Skills4Genius sports-based training 

program in creative thinking, motor skills (vertical jump, speed, and agility), in-game 

individual creative behavior (exploratory behavior), and in-game collective behavior 

(positional regularity) in team sports. Secondly, it explores the possible relationship 

between creative thinking and in-game creativity. 
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Methods 

Participants 

A total of 40 children from primary school (third and fourth grades), were 

randomly distributed across control and experimental groups. The control group was 

composed of 18 children (pre-test age: 9.2±0.4 years; height: 132.0±4.7 cm; weight: 

30.3±5.7 kg; body mass index: 17.3±2.4; body fat: 19.3±7.6) and post-test (age: 9.4±0.6 

years; height: 133.2±4.8 cm; weight: 40.0±5.9 kg; body mass index: 18.3±3.3; body fat: 

20.9±10.5). The experimental group was comprised of 22 children (age: 9.5±0.7 years; 

height: 136.7±7.4 cm; weight: 34.5±7.0 kg; body mass index: 18.3±2.2; body fat: 

19.4±6.7) and post-test (age: 9.6±0.6 years; height: 137.1±7.5 cm; weight: 34.8±6.1 kg; 

body mass index: 18.6±2.1; body fat: 19.6±6.7), who participated in the training 

program. The initial sample comprised 25 children for each experimental and control 

group, however a few of them withdraw throughout the 5 months due to a variety of 

reasons, while others have not fulfilled with the requirements originally defined related 

to the attendance in the training program. The Skills4Genius training program was 

applied as extracurricular school activity. Further, both groups until the end of the 

program had not had previous experiences in structured practice in a club and only 

participated in regular physical education classes at school. Additionally, the 

participants did not attend any enrichment activity (such as, music, language or arts 

extra activities) before and during the training program. Players and their parents were 

fully informed of the aims and procedures of the study and signed a mandatory consent 

form to participate. All participants were notified that they could withdraw from the 

study at any time. The study protocol was approved and followed the guidelines stated 

by the Ethics Committee of the Research Centre for Sport Sciences, Health and Human 

Development, based at Vila Real (Portugal) and conformed to the recommendations of 

the Declaration of Helsinki. 

 

Instruments 

Creative thinking testing 

The participants’ creative thinking was measured through the Torrance Test of 

Creative Thinking-Figural Version: form A. The Torrance Test of Creative Thinking 

has been translated into over 35 languages and is widely recognized and referenced as a 
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valid and reliable instrument of creative thinking assessment (Runco, Millar, Acar, & 

Cramond, 2010). The Torrance Test of Creative Thinking-Figural was comprised of the 

following three activities, all of which required unusual drawings that have standard 

shapes as parts: a) draw a picture, using a pear or jelly bean shape provided on the page 

as a stimulus; b) finish a drawing, using ten incomplete figures to make a completed 

object or picture; and c) compose a different drawing using parallel lines, where 

children used three pages of lines to create pictures (Kim, 2006). Moreover, each 

drawing was scored using five subscales: fluency; elaboration; originality; resistance to 

premature closure (closure); abstractness of titles (titles); and also 13 creative 

personality traits that comprise the students’ creative strengths. Fluency is the ability to 

produce a large number of figural images. Elaboration reflects the participant’s ability 

to apply details in order to extend an idea. Originality represents the ability to produce 

unusual, unexpected, yet relevant ideas as determined by statistical infrequency. 

Resistance to premature closure is based on the conclusion that creative behavior 

requires a person to keep an open mind while processing information. Abstractness of 

titles is based on the idea that creativity requires an abstraction of thought, and measures 

the degree in which a title moves beyond concrete labeling of the pictures drawn (Kim, 

2006). The sum of these five norm-referenced scores make up the creativity score, 

which is an indicator of creative potential. 

 

Motor performance 

The vertical jump ability was assessed through a free arms countermovement 

jump using the optojump system (Microgate SARL, Italy), in order to determine the 

explosive power of the lower limb. This test involved the participants lowering 

themselves from an upright standing position until approximating a knee angle of 90 

degrees, followed immediately by a vertical jump as high as possible. They were 

allowed to swing their arms freely. Moreover, the anaerobic performance was evaluated 

using a straight sprint test. Participants were instructed to run as fast as possible along 

the 15m distance from a standing-start position. The agility assessment was evaluated 

through a modified agility T-test and its reliability was outlined by Sassi and colleagues 

(2009). The modified agility T-test preserved the same nature of displacement of the T-

test, except for the measures of inter cone distance that was reduced to be more 

representative of team sports requirements. The participants started each trail from a 
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standing position 0.5m behind the sensor with both of their feet behind the starting 

point. On command, the participants: 1) sprinted 5m forward to the center cone and 

touched the top of it with their right hand; 2) sidestepped 2.5m to the left cone and 

touched its top with the left hand; 3) sidestepped 5m to the far-right cone; 4) 

sidestepped back to the left to the center cone; and then 5) ran 5m backward to the 

finish line. The participants repeated the test if they failed to run the course as 

instructed. The modified agility T-test and 15m straight sprint performances were 

measured using a witty photocell system (Microgate, Bolzano, Italy). 

 

In-game creative behavior 

Individual behavior (technical performance) 

The small-sided games were recorded using two digital cameras, both Sony NV-

GS230, from a fixed position. Then, the individual creative behavior was assessed 

through a computerized notational analysis using Simi Scout software (version 

2.0.0.174, Simi Reality Motion Systems GmbH, 2007, Unterschleissheim, Germany). 

To evaluate the offensive technical creativity in ball possession, the data provided by 

the Simi Scout Software was organized in a designed Excel for Windows® spreadsheet 

entitled Creativity Behavior Assessment in Team Sports (CBATS). Measurements 

included pass, dribble and shot and the examination of participants’ actions was divided 

into successful and unsuccessful (Liu, Gomez, Goncalves, & Sampaio, 2016). Further, 

the previous technical-tactical variables were classified according to creativity 

components, which was derived from creativity research and adapted to the sport 

contexts (Santos et al., 2016). The creativity components assessed established a creative 

behavior score: a) attempts, recognized as any effort to perform different actions, even 

in unsuccessful movements; b) fluency, or the ability to execute as many successful 

movement actions as possible; and c) versatility, which was identified as the ability to 

generate a diversity of actions, such as executing different forms to pass or shoot. Thus, 

attempts were considered the unsuccessful actions, while the fluency and versatility 

comprised the successful actions. A detailed description of the variables observed using 

the CBATS are presented in the S1 Table. The CBTAS enabled us to automatically 

carry out the calculations of the individual technical-tactical variables (attempts, 

fluency, and versatility) to determine a final score. The S2 Table provides a simplified 
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example of the CBATS’ structure. Thus, the sum of fluent actions for the pass, dribble 

and shot result in the total score of fluency and the same process was occurred with 

attempts and versatility. Moreover, the previous variables were assessed considering 

absolute values of occurrence (frequency). Additionally, the present study address the 

exploratory behavior as a concept that combine the attempts, fluency and versatile 

actions. An experienced sport performance analyst gathered the data and reliability was 

inspected by retesting 17.5% of the sample one week later, calculating the attempts, 

fluency and versatility for the pass, dribble and shot. The obtained intra-rater reliability 

coefficients were high (ICC > 0.83) (O´Donoghue, 2010). 

 

Collective behavior (tactical performance) 

Players’ displacements were captured using Global Positioning System devices - 

GPS and computed using dedicated routines in Matlab R2013b software (version 6.5; 

Math-Works, Inc., Massachusetts, USA) according to the guidelines suggested by 

Folgado and Colleagues (Folgado, Duarte, Frenandes, & Sampaio, 2014). The data 

obtained was used to calculate the distance to team centroid and the distance to 

opponent team centroid. These positional-derived variables were processed with an 

approximate entropy technique-ApEn (Sampaio & Macas, 2012; Harbourne & Stergiou, 

2009) to compute the amount of players’ movement regularity of the time-series 

corresponding to the distance between players. The file exchange to computing 

approximate entropy for a time-series data it is presented in the S1 File. The values 

range between 0 (higher regularity) and 2 (lower regularity) of unitless real numbers. 

Lower values mean more regular, repeatable and less chaotic sequences in players’ 

movements. In a practical sense, these processing techniques help us to better 

understand if the players’ positioning decisions replicate a regular movement pattern in 

relation to the teammates and opponents. Thus, ApEn is useful to understanding the 

regularity and predictability of a positional movement (Goncalves, Esteves, Folgado, 

Ric, & Torrents, 2016). 

 

Procedures 

Anthropometric measurements such as weight, height, body mass index and 

body fat percentage, took place before the pre-test session. Also before the pre-test 
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measurements participants were familiarized with the tests. All participants were tested 

before (pre-test) and after (post-test) the 5 months training program period. The data 

collection was divided into 3 different days. In first one, the creative thinking was 

measured in a classroom. The researchers provided a brief explanation of the Torrance 

Test of Creative Thinking and its completion was conducted in a quiet environment, 

lasting for 30 minutes. Ten minutes were required to complete each activity. As 

recommended (Kim, 2006), before the administration of the Torrance Test of Creative 

Thinking-Figural the participants performed a warm-up activity based on a 

brainstorming to arouse their creative incubation. Still, the researchers stressed that the 

participants could enjoy and view the tests as a series of pleasurable activities. In the 

second session, the researchers collected the motor performance variables. Before the 

assessment, the participants completed a 15-minute standardized warm-up, including 

jogging, bilateral movements, dynamic stretching, skipping, jumping, and recreational 

games. First, was measured the vertical jump, then the straight sprint and finally the 

agility. In all previous tests, two trials were performed and the best performance of each 

was considered. All participants did not receive verbal encouragement. The third 

session was performed to measure the in-game variables. Before the testing session, 

there was a standardized 15-min warm-up based in ball possession games without 

targets. The individual and collective game behavior was assessed during a 3-a-side, 

small-sided football game with goalkeeper (GK+3x3+GK) in artificial turf on a 10x12m 

(length x width) pitch. The small-sided game protocol was composed by two bouts of 4-

minute-durations interspersed with a 2 minute of passive recovery. All small-sided 

games were performed as much as possible with the official game rules, except the use 

of offside rule. Several balls were placed around the field to ensure the replacement as 

fast as possible. The coach minimized his intervention and did not provide feedback 

during the game. 

 

Skills4Genius training program design 

The Skills4Genius training program lasted for 5 months with three sessions per 

week with a duration of 60 minutes each (for a total of 60 sessions, or about 12 per 

month). To ensure an appropriate enrichment environment, the program was supported 

with the following assumptions: a) creative thinking training; b) diversification; c) 
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physical literacy; and lastly d) nonlinear pedagogy that accounts with the TGfU and 

differential learning approaches (see Table 1). 

 

Table 1. Description of the general Skills4genius training program tenets. 
 

Tenets of the Skills4Genius Training Program 
Creative Environment – Unlimited thinking, unlimited performance 
For children, it is extremely important to explore without limits in several domains. Therefore, in the initial part of the 
training sessions, children had a book with creativity tasks. These activities were comprised of motor, figural, written, and 
verbal tasks that encompassed divergent and convergent abilities (i.e., creating their own dribble and technical skills; 
completing drawings; deciding what they can do with a specific object; writing a letter from the moon; or solving critically 
a problem in different ways). Creative tasks were executed in individual forms, in pairs, or in groups, depending on the 
program timeline. This enrichment environment may arouse the creative thinking incubation and the children’s disposition 
to attempt and diverse new solutions during the remaining sport session. 

Diversification - Diversify to create in any situation 
The training program encompasses the learning of three main sports: handball, football and basketball. In each week, the 
children practiced one of the chosen sports, except on a random day per week in which they practiced a different sport (i.e., 
frisbee, field hockey, volleyball, rugby, and others). At the end of training sessions, the children always played a formal 
game, which was intended to ensure the sport’s official rules. However, in the last three months of the enrichment program, 
the children often played an adapted version of Kronum game called Game4Genius. These activities allowed them to play 
more than one type of sport simultaneously (i.e., football mixed with handball). Also, the challenges and activities applied 
in the program improves technical-tactical basic elements through the incorporation of several types of balls and materials 
and use at the same time different parts of body to play, generating high impressibility and attentional demand. 

Physical Literacy - Equip children with basics 
In order to achieve the children’s creative potential, the training program states that physical literacy mastery is mandatory. 
Therefore, in all training sessions the fundamental motor skills (agility, speed, coordination, and plyometric training) are 
developed through circuits always embodied in representative contexts. Otherwise, the fundamental game skills are 
enhanced through ludic games, which encompasses the fundamental learning game principles proposed by Memmert & 
Harvey (2010) (i.e., dribbling attempts, support and orienting, taking the ball near the goal, attacking the goal, playing 
together, achieving advantages, and using gaps and defense, which involves defending the goal, gaining the ball, and 
defending attacking players). As previously mentioned, the training program was always supported by an environment 
fulfilled by encouragement of creativity training components (attempts, fluency, and versatile actions) incorporated in the 
training of the fundamental game principles. 

Nonlinear Pedagogy - Adapt, explore, and create without limits 
The training program focused on the manipulation of constraints and game representativeness, which encourages the 
emergence of functional and novel movement solutions to overcome a game challenge. For that, appropriate contextual 
interference is necessary. To avoid children becoming overwhelmed in the earlier stages of skill acquisition and due to their 
lack of sports experiences, a moderate contextual interference was chosen (see Yanci et al., 2013). With a nonlinear 
pedagogy in mind, the tasks combine different skills during a single drill. 
- Teaching Games for Understanding 
In fact, the training sessions implement several forms of small-sided games that promote exploratory behavior and unlock 
the children’s creative potential. Furthermore, simple constraints were applied, such as: using a small number of players in 
unbalanced formats; playing in numerical advantage or in equal number of players (i.e., 1vs1, 2vs1, 2vs2, 3vs1); reducing 
the playing area; and/or adding several targets. These constraints create multiple 1-on-1 duels that increase the number of 
ball contacts per player and their perceptual responses. Still, several moderate constraints are used, like increasing the 
numerical duels (3vs3), as well as playing in numerical disadvantage (2vs3 and 3vs4) and constraining the ball and type of 
touches to explore team-related movements. 
- Differential learning 
During the program sessions, the children had to execute several variations in technique movement (i.e., pass, shoot, or 
feint) to make them ready to deal with game disturbances (i.e., eyes closed, arm behind the body, arm straight up, rotate 
arm, do math, juggling a balloon, play with two balls, use different types and sizes of balls, and play with the non-dominant 
limb). This noisy environment allows children to improvise new behavioral patterns and prevent standardized actions, 
providing a fundamental basis for motor learning. 
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Additionally, Fig 1 describes an example of the Skills4Genius training session’s 

changes during the intervention. Under these practice conditions, the training sessions 

could be characterized by a large unpredictability and adaptation demands to enhance 

the functionality of movements and the breadth of attention. 

 

 

Figure 1. Creativity training program schedule during different mesocycles. 

Legend: mot., motor; fig.; figural: writ., written; verb., verbal; FMS, fundamental movement skills; FGS, 
fundamental game skills; ABCs, agility, balance, coordination and speed; TGfU, teaching games for 
understanding; SSG, small-sided games. A mesocycle corresponds to a month of training which includes 
12 practical sessions with 60 minutes each. 
 

 

Statistical analyses 

All pre- and post-test values were compared using a magnitude-based inference 

approach expressed in percept units with 90% confidence limits (Hopkins, Marshall & 

Batterham, 2009). The creative thinking, motor, and in-game variables were log-

transformed and the minimum difference was defined as 0.2 among participants’ 

standard deviations. However, a descriptive analysis was performed using mean and 

standard deviations for each variable (the mean shown is the back-transformed mean of 

the log transform). Standardized thresholds for Effect Size statistics were considered as 

follows: 0.2 was trivial; 0.6 was small; 1.2 was moderate; 2.0 was large; and above 2.0 
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were very large changes and determined to examine the magnitude of differences 

(Hopkins, et al, 2009). Using a customized spreadsheet, it was calculated the probability 

that the true differences were substantial or trivial (Hopkins, 2006). Differences were 

defined as unclear when the confidence limits for the Effect Size included both 

substantial positive and negative values (± 0.2* standardization). In a clear 

interpretation, the following probabilistic terms were adopted: < 0.5%, most unlikely; 

0.5–5%, very unlikely; 5–25%, unlikely; 25–75%, possibly; 75–95%, likely; 95–99.5%, 

very likely; and >99.5%, most likely (Hopkins, 2006). To verify the correlation between 

the results obtained in thinking and game scores, the Pearson correlation test was used. 

These data were analyzed using the software package SPSS Statistics 20.0 (SPSS Inc., 

Chicago, IL, USA). To complement these results the magnitude of correlation [r (90% 

CL)] between test measures were assessed with previous probabilistic terms. If the 90% 

CL overlapped positive and negative values, the magnitude was deemed unclear, 

otherwise the magnitude was deemed to be the observed magnitude (Hopkins, et al., 

2009). 

 

Results 

The results presented in Table 2 and Figure 2 will be discussed simultaneously. 

Regarding the creative thinking, the results demonstrate that the experimental group has 

benefited from a most likely increase (difference in means, %; ±90% confidence limits: 

235%; ±131.8%) with a large effect. This increase was mostly expressed in the 

elaboration (66.3%; ±40.7%), abstractness of titles (389%; ±324.6%) and resistance to 

premature closure (53.7%; ±46.4%) all with a large effect. While the originality 

presents a moderate (69.4%; ±50.4%) effect. However, the fluency score presented an 

unclear trend (13.1%; ±24.7%) due to the slight increase demonstrated in both groups. 

Still, an interesting finding was the decrease in creative thinking in the control group 

(pre-test, mean ± SD: 9.7; ±4.7, post-test: 4.3; ±2.7). 
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Figure 2. Standardized (Cohen) differences in thinking, motor, in-game individual and in-game collective 
variables between pre-post test variations.   

Legend: The (+) and (-) symbols represents if the considered variable increase/decrease from pre- to 
post-test. The blue area represents trivial differences. 
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Table 2. Descriptive analysis and standardized (Cohen) differences in group means for the Skills4Genius 
program effects in thinking, motor and in-game performance between control and experimental groups. 

Variables 

Control Experimental Difference in 
means: %; ± 

90% CL 
(uncertainty in 

true differences) 

Pre 
(mean±SD) 

Post 
(mean±SD) 

Pre 
(mean±SD) 

Post 
(mean±SD) 

Creative 
Thinking 

Creative Thinking Score 9.7±4.7 4.3±2.7 7.8±4.0 12.2±3.9 235.0; ±131.8 
(most likely ↑) 

Fluency 21.7±5.6 24.1±9.6 22.8±8.2 26.8±7.1 13.1; ±24.7 
(unclear) 

Elaboration 8.2±3.0 5.7±2.0 7.5±2.8 8.9±3.4 66.3; ±40.7 
(most likely ↑)  

Originality 10.4±4.2 11.7±4.7 10.4±4.8 18.2±7.8 69.4; ±50.4 
(very likely ↑)  

Closure 11.8±3.0 9.4±4.4 12.0±4.2 15.0±4.1 53.7; ±46.4 
(very likely ↑)  

Titles 4.2±3.7 3.4±5.1 4.7±4.3 11.5±5.6 389.0; ±324.6 
(most likely ↑) 

Motor 

Free countermovement 
jump 18.4±4.8 19.8±4.9 24.3±5.6 25.5±3.8 -1.3; ±6.8 

(likely trivial↓) 

Speed 3.3±0.2 3.2±0.2 3.1±0.2 3.0±0.3 -4.1; ±2.9 
(likely ↓) 

Agility 8.9±0.6 9.5±0.9 8.4±0.8 7.4±0.8 -17.7; ±3.9 
(most likely ↓) 

In-game 
individual 

Creative Game Score 9.0±4.5 11.1±4.5 14.1±9.0 26.1±11.9 62.0; ±50.9 
(very likely ↑) 

  Game Attempts 0.8±0.5 0.9±0.5 1.1±0.6 4.8±2.7 359.7; ±299.9 
(most likely ↑) 

  Game Fluency 19.8±14.6 24.9±16.2 39.5±27.4 69.9±36.4 53.7; ±75.2 
(likely ↑) 

     Game Versatility 6.2±3.0 7.5±6.3 1.4±0.6 3.3±1.6 182.3; ±220.1 
(very likely ↑) 

In-game 
collective 

Distance to Team 
Centroid 0.49±0.1 0.60±0.1 0.68±0.1 0.62±0.1 -25.1; ±11.0 

(very likely ↓) 
Distance to Opponent 

Team Centroid  0.75±0.1 0.82±0.1 0.91±0.1 0.87±0.1 -12.3; ±7.7 
(very likely ↓) 

Note: CL = confidence limits. ↑ = increase; ↓ = decrease. 

 

Results revealed that the training program was not very effective in the vertical 

jump enhancement. Comparing both groups’ variations (from pre- to post-test), the 

experimental group showed a likely trivial trend (-1.3%; ±6.8%). Otherwise, compared 

to the control group, the training program presented a greater improvement trend in the 

sprint as well as in the agility performance (sprint: -4.1%; ±2.9% and T-test: -17.7%; 

±3.9%) with a moderate and a very large effect, respectively. Despite this, the speed and 

agility values can be found on the left side of Fig 2, and serve as an indicator of 

improvement (these values are interpreted in the opposite way). Moreover, compared to 

the control group, the experimental group presented a very likely 62.0%; ±50.9% 

(moderate) improvement in the individual creativity game score. These results may be 

complemented with the attempts outcome (most likely ~360% increase, or very large), 

versatility of their actions (a very likely ~182% increase, moderate) and fluency (likely 

~53% increase, small). The results from both distance to team centroid and distance to 

opponent team centroid presented a similar trend. While the experimental group 
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decreased their ApEn (indicating higher regularity), the control group increased their 

ApEn values (decrease the regularity) for both variables. Comparing both groups’ 

variations, the experimental group showed a very likely decrease trend in distance to 

team centroid (-25.1%; ±11.0%, large) and also in the distance to opponent team 

centroid (-12.3%; ±7.7%, moderate). 

Finally, the pre-test results of the control and experimental groups indicated a 

very strong correlation (r; ±90% confidence limits: 0.91; ±0.08 and 0.94; ±0.05, 

respectively) between thinking and in-game creativity score with a most likely 

beneficial trend. However, in the post-test measurements, both correlation values 

decreased (0.45; ±0.33; 0.62; ±0.23). This trend is more accentuated in the control 

group with a likely positive trend, whereas the experimental group maintains a most 

likely tendency (Table 3). 

 

Table 3. Inferential statistics of thinking and game pre-post variation and the coefficient correlation 
between pre-pre and pre-post of the control and experimental groups. 

 

Variables 
Control Experimental 

 
∆% 

(pre-post) 

r; ±90% CL 
pre thinking-pre 

game 
(inference) 

r; ±90% CL 
post thinking-post 

game 
(inference) 

 
∆% 

(pre-post) 

r; ±90% CL 
pre thinking-pre game 

(inference) 

r; ±90% CL 
post thinking-post 

game 
(inference) 

Thinking 
Score 

 
-50.3% 

 
0.91; ±0.08 
(most likely 

positive) 

 
0.45; ±0.33  

(likely positive) 

 
66.6% 

 
0.94; ±0.05 
(most likely 

positive) 

 
0.62; ±0.23  
(most likely 

positive) Game 
Score 

27.4% 106.5% 

Note: CL = Confidence limits. A correlation ≥ 0.70 represents a very strong positive relationship; 0.69 
to 0.40 indicates a strong positive relationship. 

 

Discussion 

This study aimed to examine the Skills4Genius training program effects in 

thinking, motor, and in-game (individual and collective) creative behavior in team 

sports and investigated a possible relationship between creative thinking and sport-

specific creativity. Results generally supported the hypothesis that a training program 

sustained in creative thinking, diversified practice, physical literacy, and nonlinear 

pedagogy facilitates the development of overall creativity. 

An in-depth analysis of the results confirmed that the Skills4Genius training 

program brought about an improvement in the creative thinking score. This increase 

was mostly expressed in elaboration, originality, closure, and titles. Indeed, a special 
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feature of the program was to introduce divergent and convergent thinking tasks in the 

initial part of the training session. Possibly, these non-sports introductory activities may 

have played an important role in the creative thinking improvement. As indicated in the 

meta-analysis performed by Ma (2006), the program effects were greater as more 

expressive modalities were trained. On the other hand, the impact of the training 

program was not equally great on all of the study’s creative components. The program 

proved to be less sensitive in the fluency enhancement. Our results demonstrated the 

same slight increase of the fluency in control and experimental groups. A similar trend 

was presented in Kim’s study (2011), verifying that fluency scores without training 

increased up to third grade and remained static in the fourth grade. In this sense, 

children who are able to generate a larger quantity of ideas are likely to be more 

original, which might indicate that during these ages, issues like accuracy and 

appropriateness of children’s responses must be highlighted. Furthermore, findings on 

the creative thinking variation across childhood have been ambivalent (Kim, 2011). 

Thereby, the control group results indicated a fourth-grade slump in Portuguese creative 

thinking score. This decrease was mostly expressed in the elaboration, closure, and 

titles. In a practical view, the children’s ability to think in detail, to be intellectually 

curious and open-minded, as well as their ability to think abstractly and capture the 

essence of the information involved is compromised during the ages of 9 and 10. The 

issues that trigger these variations remain unexplored, but the standardized learning 

method used in the Portuguese regular school may have had a determinant role (Griggs, 

2009; Davies, Jindal-Snape, Collier, Digby, Hay, & Howe, 2013).  

In team sports, the physical literacy mastery is mandatory to put into field what 

goes on in a creative player’s mind. Indeed, the domain of the fundamental motor skills 

proved useful to enhance a game-related performance (Santos et al., 2016; Faude et al., 

2012). In this regard, the Skills4Genius training program revealed their effectiveness in 

speed and agility development. These outcomes can be explained by the moderate 

contextual interference induced by the enrichment program (Yanci, Reina, Los Arcos, & 

Camara, 2013; Holmberg, 2009). Further, it is important to stress that the program 

adopted pre-planned activities and small-sided games formats derived from the TGfU 

approach. Our results are in line with Chaouachi and colleagues’ standpoint (2014), 

which refers to cumulative effects of combining both types of training having a positive 

impact in speed and agility enhancement. However, agility presented a better 
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improvement trend. Recently, it was pointed out that training grounded in small-sided 

games forms is an alternative for agility development (Chaouachi et al, 2014; Davies, 

Young, Farrow, & Bahnert, 2013; Young & Rogers, 2014; Darren, Gabbet & Nassis, 

2015). Otherwise, the training program was not effective in the vertical jump 

improvement, even with plyometric tasks (Markovic, 2007; Meylan & Malatesta, 2009). 

Possibly, low doses of concentrated plyometric training (focused in vertical and 

horizontal force vectors) provided by pre-planned activities are not enough to induce 

any adaptation. Moreover, studies report that children from the ages of 9 to 10 years old 

are not in an optimal window of trainability (Lloyd, Oliver, Hughes, & Williams, 2011). 

Additionally, the Skills4Genius training program encouraged children to expand 

their sports participation to more game-related behaviors. It is well-known that 

particularly in team sports, players are required to simultaneously perceive relevant 

game-information (such as the positions and movements of teammates and opponents), 

and then deliberately explore a novel action (Santos et al., 2016). Our results confirmed 

that the program enhanced the children’s individual exploratory behavior during the 

game, through the improvement of their attempts, fluency, and versatility. Note that 

children’s efforts to diversify their technical-tactical skills during the game, even 

unsuccessfully (versatility and attempts), were the main components stressed by the 

program. This was tested instead of the stretching of their standardized ability to 

respond successfully (fluency). In fact, the mastery of the fundamental sport skills 

allows players to explore and improvise without limits, which is a precondition of 

player’s creativity (Hristvoski, et al., 20111; 2012; Kleinmintz, Goldstein, Mayseless, & 

Abecasis, 2014). Conversely to the technical-tactical variability presented in individual 

performance, the distance to team centroid and distance to opponent team centroid, both 

positional variables revealed a high regularity (more repeatable movement patterns), 

indicating the emergence of functional and adaptive movements in the experimental 

group. It seems that the training program nurtures a better learning about fundamental 

tactical principles related to space occupation, whereas the children were more 

coordinated with their teammates’ and opponents’ positioning. This intentional 

positional adjustment occurred as a result of the players’ game perceptions, revealing a 

better understanding of the game (Sampaio & Macas, 2012). Team sports creativity is 

extremely dependent on the interaction of all elements (teammates and opponents), 

which leads to the shared creation processes. For that, players should develop a 
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consciousness of the environment changes to dynamically and continually coordinate 

their actions (Bourbousson, et al., 2015). Therefore, the technical variability did not 

impair the game regularity, in turn, it seems that positional adjustments were facilitated 

while players become more skilled. 

In this vein, children will be better prepared to read the game and move outside 

the box, and ultimately to boost the probability of a creative behavior emergence. 

Possibly, the non-sport initial activities arouse creative thinking incubation and inspire 

the children’s disposition to explore new solutions during the remaining sporting 

session. Moreover, it could be speculated that variability demands provided by 

diversification, embodied in nonlinearity, nurtures great effects in children’s capacity to 

adjust motor actions and encourages players to unlock their creative potential. Both 

types of practice provide freedom to experiment and produce a variety of novel motion 

configurations, which in turn, gives the children the opportunity to explore and adapt 

continuously (Bowers, et al., 2014; Chow et al., 2011; Memmert, 2015; Frank et al., 

2008). The game situations presented at the end of the training session (i.e., games 

simultaneously played with hands and feet, like handball coupled with football) are an 

accurate example of how to promote variability and unpredictable demands. 

The noise provided by the task constraints manipulation in these game-centred 

approaches, also promotes the exploratory behavior (Tan et al., 2012; Schöllhorn, 

Mayer-Kress, Newell, & Michelbrink, 2008). Still, these ecological settings allow 

children to become more proficient at perceiving environment cues and constant 

changes in game situations, while learning the fundamental tactical principles, 

explaining in part, the reported trend in the collective positional behavior. Undoubtedly, 

children should be encouraged to develop game understanding and tactical 

consciousness (Memmert, 2015). Notwithstanding, children’s perceptual and action 

adaptability seems to be provided by the improvement in the breadth of attention. 

Players need a wide breadth of attention in order to generate tactical behavior and seek 

for different solutions (Furley & Memmert, 2013). The enhancement of the ability to 

attune the relevant information in team sports was also observed in an earlier creativity 

program (Memmert, 2006). Indeed, the creativity development is facilitated while 

players become more skilled and have acquire better attentional abilities (Memmert, 

2011). 
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Lastly, a positive correlation was found between thinking and in-game 

individual creativity score, indicating that the unlimited thinking was related with 

creative game performance. In the pre-test measurements, this correlation was very 

strong, clearly revealing a positive interdependence. Nevertheless, the correlation 

decreased after the training program application or 5 months later. Apparently, the step 

decline in the creative thinking and the continuously improvement in the sport-specific 

creativity explains the higher variation in the control group correlation. Indeed, at this 

age a slump in the creative thinking occurs. However, this tendency was not verified in 

the game performance. While the creative thinking was not stimulated, instead the 

fundamental game skills increased by the physical education commitment creating an 

unevenness between both variables. On the other hand, despite the thinking and game 

increasing in the experimental group, the correlation slightly decreased. This trend 

could be explained by the unbalanced thinking and game development. As expected, 

children improved more game skills rather than thinking abilities, which was not 

surprising since the enrichment program structure was essentially composed of sport 

activities. In fact, these results suggest that it is also important to nurture thinking 

abilities in sports training programs to form open-minded players who exploit all 

available creative possibilities in the field. As well as, avoided the potential creativity 

decreased with age. According to the previous connections, the program also provided a 

lack of improvement in the fluency scores, either in thinking and in-game creativity. 

This trend may indicate a strong relation between thinking and game creative behavior, 

since exactly the same components were less stressed. Thus, in forthcoming training 

programs this issue should assume more attention. Surely, further research is required in 

this domain to understand the variation in the creative thinking and sport-specific 

creativity during the life course, and to what extent they complement each other. 

Further, the impact of enrichment programs in distinct age groups should be considered. 

Additionally, it is important to overcome a few limitations related with the homogeneity 

of groups and also carefully control the developmental level of the participants in 

several domains (maturation, cognition and motor skills). Overall, this insightful study 

recognizes that environmental interference induced by the training program, can be used 

to optimize the thinking, motor, and in-game performance in children without previous 

experience in sports, supporting the development of players’ creativity. Under these 

practice conditions, the program fosters skillfulness behaviors that play an important 

role in triggering a creative spark in team sports players. 
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Conclusions 

In summary, this study demonstrated that a training program sustained in creative 

thinking, diversified practice, physical literacy, and nonlinear pedagogy has a great 

potential for fostering overall creativity in team sports. In this sense, the central tenets 

of the program lead to an enrichment in creative thinking and improves fundamental 

motor skills, such as agility and speed. Moreover, the improvement of fundamental 

game skills was observed through the exploratory behavior boost of individual technical 

actions. The training program nurtures a better learning about fundamental tactical 

principles related with space occupation, promoting a consciousness of the 

environmental changes. Additionally, this study encompasses the first report linking 

creative thinking and in-game creative performance, demonstrating how important is to 

nurture non-sport creative thinking concomitantly with a technical-tactical sports 

mastery. Our findings have several implications for coaching and teaching pedagogies. 

This type of enrichment program could be easily integrated into the Physical Education 

curriculum as creativity continues to be underdeveloped in schools and sports 

structures. To finish a range of meaningful practical implications should be highlighted. 

These include: 

• Coaches and educators may apply an enrichment training to inspire children’s 

disposition to think and move outside the box. 

• A sport environment is ideally suited for fostering creative behavior and help to 

avoid the decrease of creativity with age. 

• The training program nurtures the fundamental motor skills and prepare children 

to read the game, as well as explore unusual technical-tactical behaviors. 

• The interdependence between creative thinking and sport-specific creativity 

indicates that both should be trained as complementary pairs. Thus, the 

unlimited thinking leads to creative executions in the field, as well as the 

opposite. 
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Supporting Information 

This appendix (S1 table) describes the meaning of unsuccessful/successful 

variables; standardized/non-standardized actions as well as, the creative components 

embodied in technical skills (i.e., attempts, fluency and versatility of pass, dribble and 

shot), associated to the Creative Behaviour Assessment in Team Sports  

 

 

 

S1 Table. Description of the variables observed using the Creative Behavior Assessment in Team Sports 
– CBATS. 
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Variables Description 

Pass 

successful Intentional played ball from one player to a teammate. 
unsuccessful Pass that does not reach the intended teammate (i.e., ball interception by the opponent team). 

attempts When the pass does not reach the receiver, but the player tried to explore a non-standardized action. 
fluency When the pass reached the receiver but in a standardized way (it is effective). 

versatility When the pass reached the receiver but in a non-standardized way (effective and different). 
standardized behavior When a player performed a pass with the dominant limb and using the inside part of the foot. 

non-standardized behavior Consider all executions that are different from the standardized pass (i.e., pass with the non-dominant limb, lift the ball above the 
opponents, pass with head, back pass, touch inside and pass, heel pass, and others). 

Dribble 

successful Initiative by the player with the ball to explore a duel against his direct opponent or opponents in order to gain space to perform a pass 
or score, while retaining the possession of the ball. 

unsuccessful Player in possession of the ball failed to overcome the defending player (i.e., dribbler is tackled). 
attempts Player that failed to progress in the pitch or gain a favorable position, when realized a non-standardized dribble. 

fluency Player dribbled the opponent and progressed in the pitch or moved towards a more favorable position using a standardized dribble (i.e., 
side touch, double scissors, side step). 

versatility Player dribbled the opponent and progressed in the pitch or moved towards a more favorable position in a non-standardized way. 
standardized behavior Player dribbled the opponent using a simple side touch with the dominant limb. 

non-standardized behavior Consider all executions that are different from the standardized dribble (i.e., twist off, roulette, double cut, inside out, scissor, dribble 
“L” or “V”, pull push, outside cut, high wave, 180º spin, slap step on, step kick, U-turn, pull over back, lift above, and others). 

Shot 

successful An effort to score a goal, with any regular part of the body, which the ball hitting the target or when was required the goalkeeper 
intervention. 

unsuccessful All shots off target. 
attempts A non-standardized off-target shot. 
fluency Standardized on-target shot (the finalization is effective). 

versatility Non-standardized on-target shot (the finalization is effective and different). 

standardized behavior Off-target and on-target shot with the dominant limb, in which the player hitted the ball with the instep or on the top of the foot and 
also with the inside of the foot. 

non-standardized behavior Consider all executions or variations that were different from standardized shot (i.e., long distance shooting with ball bouncing, falling 
shot, high ball first touch, head shot, bicycle shot, and others). 

Other actions Other actions that are not included on the table. 

Ball possession 
The ball possession is considered when a player respect at least, one of the following assumptions: i) Performs three consecutive 
contacts with the ball; ii) performs a successful pass (allowing the team to maintain possession of the ball); iii) performs a shot on or 
off target (finalization). 
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S2 Table 

Further, it was provided in the S2 table a simplified example of the CBATS structure 

to measure the technical skill of one player in an ecological situation. Then, the information 

was organized in the CBATS spreadsheet to carry on the calculations of the attempts, fluency 

and versatility of technical performance. Thus, the sum of fluent actions for the pass, dribble 

and shot result in the total score of fluency and was the same process with attempts and 

versatility. Moreover, the previous variables were assessed considering absolute values of 

occurrence (frequency). 

 

S2 Table. A simplified example of the measurement the in-game technical skills of one player using the 
Creative Behavior Assessment in Team Sports – CBATS. 
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Abstract 

Purpose: the aim of this study was to identify the effects of a differential learning training 

program in creativity and tactical behaviour of youth soccer players. Forty players from 

under-13 and under-15 were allocated into control and experimental groups and were tested 

using a randomized pre to post-test design using small-sided games situations. Method: the 

experimental group participated in a five-month differential learning program embodied in 

small-sided games situations, while the control group participated in a typical small-sided 

games training program. In-game creativity was assessed through notational analyses of the 

creative components and the players’ positional data was used to compute tactical-derived 

variables. Results: the main findings suggested that differential learning facilitated the 

development of the creative components, mainly concerning to attempts (U13, moderate 

effect; U15, small effect), versatility (moderate effect; small effect) and originality (moderate 

effect; moderate effect) of players’ actions. Likewise, the differential learning approach 

provided a very likely decrease of fails during the game (moderate effect). Moreover, the 

differential learning seems to have favoured the positioning behaviour regularity for the 

distance between dyads (U13, very likely; U15, likely), the distance to the team target (most 

likely; likely) and opponent target (most likely; possible). Conclusions: different effects were 

identified according to the age groups, however a differential learning training program 

stressed the creative behaviour and highlighted the tactical performance simultaneously. 

Overall, these findings confirmed that the individual creativity promoted by the differential 

learning nurtures the regularity of the positioning behaviour. 

 

Key words: creativity, functional variability, exploratory behaviour, collective behaviour. 
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Introduction 

Creative behavior is a higher-order disposition in team sports and several research 

confirm that creativity is trainable (Memmert, 2006, 2015). More recently, the Creativity 

Developmental Framework has been proposed as a suitable reference model and providing the 

general guidelines to boost the creative behavior throughout the early years (Santos, 

Memmert, Sampaio, & Leite, 2016). Creativity refers to the players’ disposition of move and 

attune outside the box under the guidance of the environment and solve specific game 

problems in a novel, feasible, unexpected, and original way by starting a single act or flowing 

in a collective action that will lead to the team’s success (Santos et al., 2016). Accordingly, 

coaches should be aware that during the sport preparation process, the creative behavior 

assumes different manifestations characterized as P-creativity (personal) and H-creativity 

(historical). During the early years prevails the P-creativity since this expression is internal to 

the player and it is related with the exploration of new behaviors to overcome individual 

limitations. Otherwise, the H-creativity is a behavior widely recognized as innovator that no 

player has ever executed before, and is commonly connected to a high level of expertise 

(Hristovski, Davids, Araújo, & Passos, 2011). Therefore, the exploratory behavior has a 

determinant role to nurture these creative expressions (Hristovski et al., 2011; Hristovski, 

Davids, Passos, & Araújo, 2012; Santos et al., 2016) and also embraces the player efforts to 

perform unlimited movement configurations under specific constraints, rather than execute a 

predetermined solution (Hristovski et al., 2012). 

A sports environment that encourage the exploratory behavior will probably increase 

the emergence of creative components, such as the attempts, fluency, versatility and 

originality. The attempts are recognized as any effort to perform different actions even if non-

effective. Fluency or efficacy is the ability to execute as many effective movement actions as 

possible. Versatility or flexibility is the ability to produce different actions, whereas 

originality, is the ability to generate new and unique actions that others are not likely to 

perform (for refs see Santos et al., 2016). Measuring creativity in team sports is challenging, 

and commonly, the previous components are placed in evidence to assess the creative 

behavior in team sports. For instance, Santos and colleagues (2017) showed positive effects of 

a creativity sports-based training program sustained in diversification, physical literacy, 

teaching games for understanding and differential learning in the creative behavior 

development. Overall, the results confirmed that the enrichment program enhanced the 
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fluency, the attempts and the versatile actions during the game in children without previous 

experiences in structured sports. These results reinforce the importance of using training 

approaches that provide freedom to explore and adapt to the properties of the environment 

(Chow, Davids, Button, & Renshaw, 2015). 

Based on the previous considerations the differential learning (DL) seems to emerge as 

a promising approach to enhance the creative behavior (Memmert, 2015; Santos et al., 2017). 

Developed upon the dynamical systems perspective, the DL has been mostly applied in the 

context of motor learning (Frank, Michelbrink, Beckmann, & Schöllhorn, 2008; Schöllhorn et 

al., 2006; Schöllhorn, Michelbrink, Welminski, & Davids, 2009). This approach is 

characterized by increasing the number of movement fluctuations, through no movement 

repetition and without corrections during the skill acquisition process (Schöllhorn, Hegen, & 

Davids, 2012). Therefore, the main idea is to amplify the noise using movement variability in 

order to stress the limits of performing novel movement solutions (Schöllhorn et al., 2006). 

The role of random variability in allowing players to acquire new and functional movement 

patterns could be a necessity to unleash creativity. Actually, the DL approach might be 

especially relevant for youth players, who should be early exposed to suitable opportunities to 

acquire functional and transferable movement skills (Santos, Mateus, Sampaio, & Leite, 

2016). Within the DL scope, the players are usually instructed to actively perform movement 

errors, instead of avoiding them, to promote constant adaptations (e.g. kick a ball with arms 

raised) (Schöllhorn et al., 2006). Therefore, considering the impossibility of performing two 

identical movements during a match, the utilization of traditional methods of learning, 

characterized by endless repetitions towards an ideal movement and sustained in error 

corrections should be reconsidered (Schöllhorn et al., 2009). 

In this vein, the DL approach has been related with a higher skill acquisition and better 

learning rates over the traditional methods in many sports (Henz & Schöllhorn, 2016; 

Schöllhorn et al., 2009; Wagner & Muller, 2008). In soccer, these effects were confirmed in 

goal-shooting and ball control interventions (Schöllhorn et al., 2012; Schöllhorn et al., 2006). 

However, the available research is still scarce and might be appropriate to assess the DL 

effects in dynamic and ecological contexts that require a constant adaptation, such as small-

sided games (SSG). In fact, the SSG are consensually consider to foster concurrently the 

technical and tactical behaviors (Hill-Haas, Dawson, Impellizzeri, & Coutts, 2011), as well as 

the exploratory behavior (Torrents et al., 2016). Recent research focused in soccer players’ 
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tactical behavior has received considerable attention (Barnabe, Volossovitch, Duarte, Ferreira, 

& Davids, 2016; Gonçalves et al., 2017; Memmert, Lemmink, & Sampaio, 2017). In fact, 

several studies have analyzed how players adapted their behavior according to specific 

modifications in SSG (Folgado, Duarte, Fernandes, & Sampaio, 2014) and how interpersonal 

relations patterns that emerging during performance are functionally different (Folgado et al., 

2014; Gonçalves et al., 2016). However, only the study of Sampaio and Maçãs (2012) has 

identified the effects of a soccer training program on players’ positional behavior. The results 

showed that players’ behavior improved after a 13-week training program, possibly as a 

consequence from a better understanding of game tactical principles and better awareness in 

pitch positioning. In sum, further evidence seems to be needed to understand how individual 

movement variability provided by DL approaches impacts the creative and tactical-related 

variables. Therefore, the aim of this study was to identify the effects of a DL training program 

in creativity and tactical behavior of youth players during soccer SSG. It is expected that the 

individual variability promoted by the DL training program sustained in game-based 

situations possibly nurtures the creative components related with the performance of different 

and novel actions, as well as, favors the regularity of the tactical behavior. 

 

Method 

Participants 

The participants were 40 youth Portuguese soccer players from under-13 (U13) and 

under-15 age groups (U15) with at least two years of experience in structured sports 

(including soccer or other types of sport). The players belong to two different teams 

competing in a regional level. During the sports season, all players performed three training 

sessions per week (90 to 115 minutes) and played an official game during the weekend with 

60 and 70 minutes for the U13 and U15, respectively. Participants were randomly allocated 

into two experimental groups of U13 (n=10; age: 11.1±0.5 years; height: 150.5±7.8 cm; 

weight: 43.1±5.2 kg; with 4.4±2.9 years of experience in soccer; and 1.4±0.5 sports practiced 

- including soccer) and U15 (n= 10; age: 13.1±0.3 years; height: 161.3±8.3 cm; weight: 

54.4±4.7 kg; with 7.1±1.5 years in soccer; and 1.2±0.4 sports practiced), whose participated 

in the DL training program, and two corresponding control groups  U13 (N=10; age: 11.4±0.5 

years; height: 154.0±6.1 cm; weight: 32.9±13.3 kg; with 5.3±2.5 years in soccer; and 1.7±0.9 

sports practiced), and U15 (n=10; age: 13.0±0.8 years; height: 161.4±7.9 cm; weight: 
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57.2±9.1 kg; with 6.8±1.6 years in soccer; and 1.5±0.7 sports practiced). The goalkeepers 

(Gk) were part of the study, but were excluded from the analysis to avoid misleading 

interpretations once their positioning is very restricted. Parents, coaches and the club were 

fully informed of the aims and procedures of the study and signed an informed consent form 

for children’s participation. All participants were notified that they could withdraw from the 

study at any time. The study protocol was approved and followed the guidelines stated by the 

local Institutional Research Ethics Committee and conformed to the recommendations of the 

Declaration of Helsinki. 

 

Procedure 

All participants performed a familiarization session one week before the testing 

sessions. Afterwards, each group performed two testing sessions, one for the pre-test and 

another for the post-test. Before each testing sessions, there was a standardized 15-min warm-

up based on running and ball possession games without goals (5-a-side). The individual and 

collective game behavior was assessed during a Gk+5vs5+Gk soccer SSG played in an 

artificial turf 36⨯25m (length ⨯ width) pitch using 7-a-side goals. The SSG protocol was 

composed by two bouts of 6-minutes interspersed with 3 minutes of passive recovery. The 

head coach divided the players into two balanced teams, and the players played each SSG 

according their usual playing position role. All SSG were performed as much as possible with 

the official game rules, except the offside. Several balls were placed around the field to ensure 

it replacement as fast as possible. The coach intervention was minimized and therefore, no 

feedback was allowed during the game. 

 

Differential Learning Training Program Design 

The experimental groups performed a DL training program during 5 months (40 

sessions) with a volume of ~90 minutes per week. The training program was composed by 3 

training sessions per week, with a duration of 30 minutes each and it was performed in the 

beginning of the training sessions. Afterwards, they joined to the rest of the team to continue 

their soccer training schedule (for the next ~60 minutes). The assumptions between the typical 

SSG performed by the control teams and the DL SSG followed by the experimental teams is 

outlined in the Figure 1. Also, the movement variations used during the DL training program 
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are presented in Table 1 and some of them were combined (i.e., shot while throwing 

consecutively a tennis ball with an eye covered). Different numerical relations were used 

within the SSG, ranging from 1v1 to 5v5, in both experimental and control groups taking into 

account the development of the technical and tactical behaviors. However, different schedules 

were designed according to the control or experimental groups (for more details see table 1). 

For example, while in the control groups SSG were played using balanced teams in a 

sequential order, during the DL program there were random scenarios, such as numerical 

inferiority, as it facilitates the exploratory behavior (Torrents et al., 2016). Considering that 

the program was sustained by different SSG situations, the number of repetitions for pass, 

dribble and shot conducted per participant varied between sessions. 

Additionally, to characterize the remaining session, all groups followed typical soccer 

training sessions 3 times a week, with each session lasting ~90 minutes. The coaches and the 

club provided only a comprehensive general description of the training guidelines for each 

age group. Moreover, the following description is only related to the tasks that players were 

engaged after the DL or typical SSG training programs. In this sense, after the training 

program, the U13 training sessions were composed by 40 min of game principles and tactical 

organization and finished with 20 minutes of SSG or continuous play (7-a-side). The U15 

training sessions, were focused on the development of fundamental tactical skills. Thus, after 

the training program they performed tactical training tasks with a duration of 30 minutes, and 

then, the session finished with 30-min of SSG or continuous play (11–a-side). The training 

sessions were fully supervised by an experienced coach, two assistant coaches and a 

researcher. The study started in the middle of the competitive season and lasted until the end 

of the respective season. 
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Figure 1. Methodological differences between the typical and differential learning small-sided games. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Typical SGG 
(control group) 

	 Differential Learning SGG 
(experimental group) 

 

-Considered learning as based on linear 
causality since it was sustained in simple to 
complex principles; 

-Considered a predetermined and identical 
learning progression between all the players; 

- Sequential Tasks: 1v1, 2v2, 3v3, 4v4 and 
5v5. 

	

	
Nonlinear Causality 

	

 

-Players perform all movements with 
consecutive perturbations; 

-Considered learning progression 
individually based on nonlinear causality; 

-Random tasks: 4v4, 2v1, 5v5, 1v1, 3v3, 
5v3. 

-Task constraints were manipulated to 
facilitated the emergence of the intended 
behavior; 

-Practice tasks: ball possession drills to 
emphasize the pass. 

	
Stochastic Perturbations 

	

- Did not identify key tasks constraints; 

-Amplified the fluctuations to promote 
noise; 

-Practice tasks: player performed the pass 
with the hands tied or with a covered eye. 

-Focused on numerous repetitions towards an 
optimal technique; 

- Task constraints that contained little inter-
trial variability and performed during long 
periods of time; 

-Avoid the movement error; 

-Practice tasks: perform the pass technique 
according to specific criteria. 

 

 

Movement Repetition 

	

	
 

Corrections 

-Focused on the inter-trial variability of 
movement patterns; 

- Movement configurations were changed 
in short periods of time; 

-Stress the movement "error"; 

-Practice tasks: constantly improvise new 
forms to pass the ball. 

-Specific instructions and error correction. 	 -Without any error correction. 
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Table 1. Example of the variations performed in traditional and differential learning small-sided games. 

Game-based Variables Typical SSG 
(control group) 

Differential Learning SSG 
(experimental group) 

 
Players Number 

Numerical 
Relations 

balanced (1v1, 2v2, 
3v3). 

Balanced and unbalanced (4v3, 2v1, 3v3, 
4v5, 5v5). 

Progressions Sequential (from 1v1 to 
5v5). Random variations. 

Pitch 

Playing surface Artificial turf. Artificial turf and natural grass. 

Shape Rectangle and square. Rectangle, square, triangle, diamond and 
circle. 

Size Small, medium, large. Small, medium and large. 

Playing Ball 

Size Normal size. Smaller, normal-size, and larger-size. 

Type Soccer ball. Soccer, tennis, handball, rugby, reflex ball, 
futsal and fitball. 

Number of balls Just one. One and two simultaneously. 

Targets 

Number 1 to 4. 1 to 4. 

Size Small targets and 7-a-
side. 

Small targets (pop-up), 7-a-side and 11-a-
side targets. 

Type of Scoring Stop ball, shot. Stop ball, shot, pick the ball into a box. 

Disposition Final line of the pitch. In the final line, inside and out of the pitch. 

Field Obstacles  None. Sticks, ropes, hoop, cones, tchoukball 
targets and barriers. 

Body Constraints 

Upper part of 
Body None. 

Eye closed, on or both arms on the back, 
arm straight-up, arms overhead, arms under 
hip, arms in front, cycling arms, play with 
glasses, touches with a tennis ball in the 
hand, hands tied, juggling a balloon, elastic 
bands, bracelets, players connected with an 
elastic band; 

Lower part of 
body None. 

Circling movement of foot, non-dominant 
limb, blending one leg, without trainers, 
with ankles, in each ball contact improvise 
different types of technical skills. 

Games Rules  
Limited touches. 
Add neutral players. 
Full vs low pressure. 

Double points if different passes, dribbles or 
shoots were performed. 
Divide the pitch into spaces and limit the 
specific space allowed to play. 

Combinations  None. During the game was combined two or more 
types of the previous variations. 

 

 

Measures 

The Creative Behaviour Assessment in Team Sports 

          The SSG were recorded using two digital cameras from a fixed position located in the 

superior plane to cover all pitch, and positioned 45° from one of the goal lines. Its frequency 

was 25 Hz and resolution was 1280 × 720 pixels. The individual creative behavior was 

assessed through a computerized notational analysis using LongoMatch software 

(Longomatch, version 1.3.2., Fluendo). Afterwards, the data was organized in a pre-prepared 

spreadsheet (Excel for Windows®) entitled Creativity Behaviour Assessment in Team Sports 
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(CBATS). The CBATS was developed to measure the creativity in ball possession during the 

game performance (Santos et al., 2017). Measurements included pass, dribble and shot skills, 

which were divided into successful and unsuccessful actions (see Liu, Gomez, Goncalves, & 

Sampaio, 2016). Thus, fails and attempts were considered the unsuccessful actions, while the 

fluency, versatility and originality comprised the successful actions. A successful pass refers 

to an intentional played ball from one player to a teammate player, while the unsuccessful 

ones occur when the pass does not reach the teammate (i.e., ball interception by the opponent 

team). The successful dribble was defined as an initiative by the player with the ball to 

explore a duel against his direct opponent or opponents in order to gain space to perform a 

pass or score while retaining the possession of the ball. This action was regarded as 

unsuccessful when the player in possession of the ball could not overcome the defending 

player (i.e., dribbler is tackled). Regarding the shot, successful actions (shot on-target) were 

considered as effort to score a goal, with any regular part of the body, in which the ball hit the 

target or it was required the goalkeeper intervention. In contrast, the shot off-target was 

considered as unsuccessful action. 

The previous variables were classified embodied in the creativity components (see 

table 2), such as the attempts, fluency, versatility and originality, which have been used to 

describe the creative behavior in team sports (Santos et al., 2016). In this study, the originality 

takes into account the criteria related to the rareness of the versatile actions, for example, it 

was considered as original the versatile actions that players only perform once regarding the 

pre- and post-test game situations for each U13 and U15 teams. Additionally, this study added 

the fails measurements to understand if a training program sustained in the DL decreases the 

unsuccessful actions. The analysis of the previous five components in SSG formats allows to 

capture the qualitative changes as the degrees of freedom of retained movements’ 

performance, which is not possible to identify when the movement is observed as a single 

technique in isolation, usually applied in the DL protocols. Moreover, all components were 

assessed considering absolute values of occurrence - frequency. An experienced sport 

performance analyst gathered the data and the reliability was inspected by retesting 17.5% of 

the sample one week later, assessing the fails, attempts, fluency, versatility, and originality of 

the pass, dribble and shot. The obtained intra-rater reliability coefficient was high and 

considered reliable (ICC > 0.84) (O'Donoghue, 2010). 
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Table 2. Description of the creative components observed through the Creative Behavior Assessment in Team. 
Sports (CBATS). 

 

 

 

Collective Behavior (tactical performance) 

Positional data during SSG was gathered using 5 Hz global positioning system units 

(SPI-PRO, GPSports, Canberra, ACT, Australia). The units were placed into appropriate 

elastic harnesses on the upper back of each participant. The geodetic coordinates were 

exported from the units and computed using dedicated routines in Matlab® (MathWorks, Inc., 

Massachusetts, USA) according to previous data corrections guidelines (Folgado et al., 2014). 

Creative Components Behavioral Descriptions 

Pass 

Unsuccessful 
Fail When a standardized pass does not reach the intended teammate. 

Attempts When the pass does not reach the receiver, but the player tried to explore a 
non-standardized action (non-effective). 

 
Successful 

Fluency 
Intentionally played ball from one player to a teammate, but in a 
standardized way (is effective). 

Versatility 
When the pass reaches the receiver but in a non-standardized way (effective 
and different). 

 Originality Considers the rarity of overall versatile passes performed during the game. 

Standardized behavior 
When the player performed a pass with the dominant limb and used the foot 
inside part. 

Non-standardized behavior 
Consider all executions that are different from the standardized pass (i.e., 
pass with head).  

Dribble 

Unsuccessful 
Fail 

Player in possession of the ball failed to overcome the defender when 
realized a standardized dribble. 

Attempts Player that failed to progress in the pitch or gain a favorable position when 
realized a non-standardized dribble. 

 
Successful 

Fluency 
Player dribbled the opponent towards progressed in the pitch or moved 
towards a more favorable position using a standardized dribble. 

Versatility 
Player dribbled the opponent towards progressed in the pitch or moved 
towards a more favorable position in a non-standardized way. 

 Originality Considers the unusualness of versatile dribbles performed during the game.  

Standardized behavior 
Player dribble the opponent using a simple side touch with the dominant 
limb. 

Non-standardized behavior 
Consider all executions that are different from the standardized dribble (i.e., 
roulette). 

 
 

Shot 

Unsuccessful 
Fail A standardized off-target shot. 

Attempts A non-standardized off-target shot. 
 
Successful 

Fluency Standardized on-target shot (the finalization is effective). 
Versatility Non-standardized on-target shot (the finalization is effective and different). 

 Originality Considers the rarity of versatile shots performed during the game. 

Standardized behavior Off-target and on-target shot with dominant limb, in which the player hatted 
the ball with the instep, top or inside of the foot. 

Non-standardized behavior 
Consider all executions or variations that were different from standardized 
shot. 

Absolute Values (frequency) 
To measure the creative components was considered the frequency of the 
actions. 
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The dynamic positional data of the players were used to determine the distance between dyads 

(i.e., the interpersonal distance between each pair of teammates) (Gonçalves et al., 2016), the 

distance to the team own target (i.e., the distance from each player to their own target, using 

the middle 2D point of the target as reference), and the distance to the Opponent (OPP) Team 

Target (i.e., the distance from each player to middle point of the OPP 2D target) (Vilar et al., 

2014). Moreover, the distances were also analysed according to the amount of variability, 

expressed by the coefficient of variation (CV), and to the structure predictability using the 

approximate entropy (ApEn) (Gonçalves et al., 2016). From procedure perspective, the 

imputed values used to compute the ApEn were 2 to vector length (m) and 0.2 standard 

deviations to the tolerance (r) (Yentes et al., 2013). The values from ApEn ranges from 0 to 2, 

in which the lower values represent more repeatable patterns (e.g., a value near to 0 in the 

distance to team own target, means that the players tend to repeat the distance to the target in 

a repeatable fashion). Thus, ApEn might be useful to understand the regularity and 

predictability of movement behaviour which may, in turn, provide information regarding to 

the functionality of dynamic players’ positioning (Gonçalves et al., 2016). 

 

Data analysis 

Magnitude-based inferences and precision of estimation were employed aiming to 

avoid the shortcomings of research approaches supported by the null-hypothesis significance 

testing (Batterham & Hopkins, 2006). All pre- and post-test values were compared between 

teams via standardized mean differences, computed with pooled variance and respective 90% 

confidence intervals (CI) through a specific pre-post parallel groups trial spreadsheet 

(Hopkins, 2006). Thresholds for effect size statistics were 0.2, trivial; 0.6, small; 1.2, 

moderate; 2.0, large; and >2.0, very large (Batterham & Hopkins, 2006). The effect was 

reported as unclear if the confidence limits overlapped the thresholds for smallest worthwhile 

changes, which were computed from the standardized units multiplied by 0.2. In a clear 

interpretation, the following probabilistic terms were adopted: < 0.5%, most unlikely; 0.5–

5%, very unlikely; 5–25%, unlikely; 25–75%, possibly; 75–95%, likely; 95–99.5%, very 

likely; and >99.5%, most likely (Batterham & Hopkins, 2006). Differences were defined as 

unclear when the 90% CI overlapped positive and negative values, otherwise the magnitude 

was deemed to be the observed magnitude. While, creative components were compared based 

on absolute values (raw data), the tactical variables were log-transformed to reduce the non-
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uniformity of error and differences expressed in percentage variation with ±90% CI. This 

statistical decision was taken since the pre-test creative components may present zero 

occurrences. 

 

Results 

The overall results related with the effects of the DL training program in-game 

creative components of U13 and U15 age groups are presented in Figure 2a, 2b and Table 3, 

respectively. Regarding the fails measurements, the results revealed a moderate decrease from 

the pre- to the post-test in both U13 and U15 experimental teams (difference in means; ±90 

confidence limits: -1.8; ±1.2, and -1.1; ±0.9, both very likely). In the U13 this decrease was 

more pronounced in the dribble (-0.6; ±0.3, very likely) and in the pass (-0.8; ±0.9, likely), 

while in the U15 it was in the pass (-0.8; ±0.6, likely) and in the shot (-0.3; ±0.1, possible) 

actions. Interestingly, both U13 control and experimental teams presented a moderate 

increased in their attempts (0.5; ±0.3, very likely and 0.3; ±0.3, likely), whereas a small 

increase (0.3; ±0.3, likely) was only identified in the U15 experimental. Accordingly, the 

attempts of both U13 teams were mostly stressed during the pass (0.3; ±0.6, likely and 0.3; 

±0.3, likely), while in the U15 experimental was in the pass (0.3; ±0.2, likely trivial) and shots 

actions (0.1; ±0.1, likely trivial). There was a small decrease in the fluency in both U13 and 

U15 control teams (-1.4; ±1.7, and 1.94; ±1.6, both likely), while in turn unclear results were 

found for the experimental groups, indicating a maintenance effect with a DL commitment. 

The versatility showed a moderate increase in the U13 experimental (0.3; ±0.4) and a small 

increase in the U15 experimental (0.5; ±0.6, likely). This increase in the U13 was distributed 

over the dribble (0.8; ±0.3, most likely), shot (0.2; ±0.2, likely) and pass (0.5; ±0.4, likely), in 

turn, the U15 only improved the non-standardized passes (0.6; ±0.4, very likely). Finally, the 

original actions indicated a moderate increase in the U13 and U15 experimental teams (0.6; 

±0.6, likely and 0.4; ±0.3, very likely) with different extents. While the U13 performed novel 

dribbles (0.3; ±0.2, likely), in contrast, the U15 performed more original passes (0.3; ±0.3, 

likely). It is important to note, that U15 control did not presents any occurrence in the original 

actions. 
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Figure 2. Descriptive analysis expressed as mean and standard deviation of the absolute values for the five 
considered creative components (2a). 
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Standardized (Cohen) differences in group means for both control and experimental group to both U13 and U15 
age groups (2b). The grey shadow area represents trivial differences. Error bars indicate uncertainty in the true 
mean changes with 90 % confidence intervals. The (+) and (-) symbols represents if the considered variable 
increase/decrease from pre- to post-test. Abbreviations: Effect sizes: L, large; M, moderate; S, small; and T, 
trivial. 

 

Table 3. Pre- and post-tests descriptive (mean ± SD) and inferences analysis (Cohen’ d; ±90%CL) for the U13 
and U15 creative components measurements. 

 
 

The effects of the DL training program in the positional variables were presented in 

Figure 3a and 3b and Table 4. The U13 experimental team showed a small decrease in the 

ApEn values of the distance between dyads (9.8%; ±5.2%, very likely) and a moderate 

decrease in distance to the team and OPP targets (-17.1%; ±6.7%, most likely; -16.3%; 

±6.2%, most likely, respectively). The same trend was found for the U15 control and 

experimental groups but with a small trend in all previous variables (-7.6; ±4.7, likely; -8.3%; 

±8.7%, likely; -7.0%; ±8.5%, possible, respectively). Interestingly, while there was a small 

decrease in the distance between dyads for the U15 control (7.7%; ±3.7%, likely), the 

opposite was found in the experimental group (-4.5%; ±4.2%, possible). However, the CV 
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from the distance between dyads showed a small increase in the U15 experimental (7.0%; 

±4.7%, likely), instead the U15 control presented a small decrease (-2.9%; ±3.9%, possible). 

 

Figure 3a and 3b. Standardized (Cohen’s d) differences in positional variables between pre-post control and 
experimental groups tests in both U13 and U15 groups.  

Legend: Error bars indicate uncertainty in the true mean changes with 90 % confidence intervals. The (+) and (-) 
symbols represents if the considered variable increase/decrease from pre- to post-test. 
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Table 4. Descriptive (mean ± SD) and inferential (Cohen’ d; ±90%CL) analysis for positional variables between 
control and experimental groups in both U13 and U15 age groups. 

 

 

Discussion 

Current literature comprises several findings related to the benefits of the DL on skill 

acquisition in team sports. This first report expands these findings by providing results that 

identified the DL effects in game creativity and tactical behavior during SSG situations in 

youth soccer players. Overall, the results support the assumption that a DL training program 

facilitates the development of the creativity components, such as the attempts, versatility and 

originality of movement actions in U13 and U15 age groups. Likewise, there was a substantial 

decrease of fails during the game performance and it seems that the increase of the individual 

variability promoted by the DL approach, favors the regularity of the positional behavior 

compared to the typical SSG formats. 

The analysis of the results confirmed that DL revealed a higher effectiveness in the 

U13 and U15 players’ predisposition to perform original actions during the game. Also, it has 

increased their ability to explore unsuccessful and successful different actions (attempts and 

versatility) and seems in line with several studies, suggesting that DL is more beneficial 

because it stresses the players to explore a variety of novel movement configurations (Frank 

et al., 2008; Henz & Schöllhorn, 2016; Schöllhorn et al., 2012; Schöllhorn et al., 2006; 

Wagner & Muller, 2008). In fact, the learning process is not a merely passive copying 
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process, but instead it is sustained in the players’ exploration, which favors the P-creativity 

(Hristovski et al., 2011; Hristovski et al., 2012). Moreover, the functional variability and 

adaptation demands provided by the DL assumptions, support the emergence of creative 

components, encouraging the players to unleash their creativity (Memmert, 2015; Santos et 

al., 2017; Santos et al., 2016). The previous creative components increase might be a 

consequence of the pronounced inter-trial variability provided by the DL (Schöllhorn et al., 

2012). By continuously confronting the youth players with different movement variations, the 

motor system adaptation is kept constantly active, unlocking a whole range of behaviors that 

are potentially available to them (Frank et al., 2008; Schöllhorn et al., 2006). In fact, the 

functional role of adaptive movement variability is fundamental to improve the performance 

in youth soccer players (Chow et al., 2015; Hristovski et al., 2011; Hristovski et al., 2012; 

Seifert, Button, & Davids, 2013). 

Interestingly, the training program seems to be more beneficial in the U15 teams, since 

the typical SSG formats did not have any influence in the attempts, versatility and mainly in 

originality. Note that no occurrence was evidenced by the U15 control in the originality 

component. In spite of the differential learning U13 demonstrates higher rates improvements 

over the U15, the U13 typical SSG group also shows a considerable increase in the previous 

creative components. Commonly, the players in early stages of learning display naturally a 

greater exploratory search behavior. These findings are in line with the available literature, 

which supports a decrease in the creativity thinking with age, possibly as result of the 

increased focus in the convergent thinking tasks (Kim, 2011; Santos et al., 2016). A similar 

interpretation could be stablished in sports settings, as the age increases there is a progressive 

focus on tactical training arrangements and team organization with a clear decrease in the 

exploration of individual actions (Folgado, Lemmink, Frencken, & Sampaio, 2014). As 

consequence, this decreasing in the movement variability may impair the players’ ability to 

adapt to the requirements of the environment and possibly affects the long-term development 

preparation (Davids, Glazier, Araújo, & Bartlett, 2003; Santos, et al., 2016; Seifert et al., 

2013). Indeed, previous reports showed that talented players were not only dependent on 

when to perform a skill, but also how to perform it (Kannekens, Elferink-Gemser, & Visscher, 

2011). Therefore, these evidences demonstrate that coaches can use DL approaches during 

their training sessions to foster the players’ adaptive behavior to unpredictable situations. 

Moreover, they give opportunities to youth players to challenge their boundaries, possibly 
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making them more adaptive without being afraid to take risks in competitive situations 

(Santos et al., 2017; Santos et al., 2016). 

Notwithstanding, different extents in the pass, dribble and shot were promoted by the 

DL training program between the U13 and U15 age groups. For instance, there was a more 

distributed improvement in all technical skills in the U13. Perspectives from long-term 

development models have suggested the age of 13 as the limit of the window of trainability to 

learn new movement behaviors in sport (Stafford, 2005). In addition, it was also previously 

reported that the DL approach leads to flexible movement solutions. Therefore, these 

evidences may help to explain the increase in new passing attempts, versatile passes, dribbles 

and shots and finally, in the original dribbles. In contrast, in the U15 the pass was the skill 

most stressed by the DL training program. In this group, the players’ ability to attempt new 

forms of pass, to explore versatile and original passes, was an evident marker from the DL 

training program. These results may be linked with the commitment to the game principles 

and players’ expertise. Accordingly, there are evidences showing that players of a younger 

age are likely to adopt behaviors that allow them to a quickly approach the opponents’ targets, 

such as the dribbles or shots. Otherwise, older players are likely to show a more rational 

positional disposition and develop more organized ball possessions towards the opponents’ 

goals using the pass as the main action (Barnabe et al., 2016; Folgado et al., 2014). Therefore, 

it is not surprisingly that in the U15 the pass emerged as the preferable functional movement 

behavior to achieve the task goal. These findings indicated that the DL training program had a 

tendency to stress the most frequent skills used in the SSG formats which vary according to 

the players’ expertise level. 

On the other hand, the impact of the DL was not equally great on all of the creative 

components. As expected, the DL training program proved to be less sensitive in the fluency 

development in U13 and U15 teams. These results were predictable, as the core idea of the 

DL approach is to boost the movement variability instead of fostering standardized actions 

(Frank et al., 2008; Schöllhorn et al., 2012; Schöllhorn et al., 2006). It is important to note 

that although there were no effects in the fluency for DL groups of both ages, in turn, there 

was a decrease in the fluency values for the typical SSG groups. Therefore, the DL not only 

provided a functional variability on movement configurations, as well as maintained the level 

of fluency. An additional advantage of the DL was the higher decrease rates of the fails 

actions. In the U13 this decrease was more pronounced in the dribble and pass, while in the 
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U15 was in the pass and shot. As opposed to the purpose of SSG with a more typical learning 

method, the DL seems to induce a self-organized learning in which players improve the 

performance according to their individual limitations. Further, confronting the youth soccer 

players with a higher number of movement variations and without general corrections, the 

likelihood to accomplish their needs is considerable higher (Schöllhorn et al., 2012). 

In team sports, the game context dynamically generates decision demands that players 

should attempt to produce functional solutions. Thus, the learning process should be also 

grounded in inducing tactical problems within a wide adaptive environment to foster the 

creative behavior (Memmert, 2015; Santos et al., 2017). With regards to the outcomes of the 

positional variables, a clear tendency was observed using the ApEn technique. This 

processing technique allows to measure the probability that a behavior pattern has to be 

repeated over time, becoming consequently, more regular. In this study, the values from the 

ApEn highlighted that players presented more regular positional behaviors after the DL 

training program in the U13 and U15 teams comparatively with typical SSG. In general, these 

intentional positional adjustments may reveal a better understanding of the game, whereas the 

players showed higher regularity in their behaviors according to the game spatial references 

(targets) and interpersonal distance with teammates. Possibly, these results may be linked 

with the effects of the DL training program, which seems to accelerate the positional 

adjustments in younger teams that present a lower tactical knowledge. From a dynamic 

system point of view, the DL induces a more self-organized learning by increasing the 

players’ ability to use the environmental information to sustain and co-adapt the immediate 

behaviors within teammates against OPP (Travassos, Duarte, Vilar, Davids, & Araújo, 2012). 

That is, these challenging environments emphasize the noise to promote the emergence of 

movement variability (Frank et al., 2008; Henz & Schöllhorn, 2016; Schöllhorn et al., 2009; 

Wagner & Muller, 2008), and therefore, players must be able to continuously adapt their 

behavior in space and time to the ever-changing environment by increasing the functionality 

of the game-decisions (Gonçalves et al., 2016; Travassos et al., 2012). In this sense, it is 

possible that the incorporation of the DL approach in dynamic contexts allows players to 

become more proficient at perceiving environmental cues and constant changes in game 

situations (Chow et al., 2015; Seifert et al., 2013). The general results indicated that, while 

greater stability in players’ distances is keeping with team structural shape (observed thought 

trivial/small differences in absolute positional variables) the individual variability triggered by 

the DL promoted completely different functional and auto-organized behaviors. 
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According to the previous standpoints, the DL effects were greater as far as the 

environment allows to capture the qualitative changes of the degree of a movement pattern 

and promote positional behavior adjustments. Overall, the DL training program has distinct 

extents according to the teams’ specific limitations, whereas in the U15 stressed the creative 

behavior, in turn, in the U13 highlighted the tactical behavior. In fact, dynamic environmental 

contexts offer an alternative view to discover new potentials of the DL approach. 

Nevertheless, a limitation in this study is related to the absence of the retention phase 

measurements, since several studies have highlighted better performance scores in retention 

tests in DL groups (Schöllhorn et al., 2012; Schöllhorn et al., 2006; Wagner & Muller, 2008). 

Moreover, is extremely important to understand the long-term impact of this approach in the 

creative and tactical behavior and also its relation with the transfer theory in sports. Hence, 

there is little guidance on how the learning process occurs throughout the training program. 

Specifically, if a longer training period results in greater advantages due to cumulative effects 

of prolonged practice or eventually occurs a stagnation phase. Lastly, the optimal stochastic 

perturbations pursuit is an essential requirement since the DL training program induced 

distinct individual adaptations according to the players’ expertise level. This result possibly 

indicated that the different age groups should perform adapted DL training programs 

guidelines and this requirement was not fulfilled in the current study since the same variations 

were applied in both U13 and U15 age groups. In forthcoming training programs, it will be 

interesting to consider the above issues and also add a constant practice group to compare 

their benefits with typical SSG and also with the DL approach embodied in noise game-based 

situations. Under these practice conditions, the DL fosters skillfulness behaviors that play a 

key role in the boost of a creative spark in youth soccer players. 

 

Conclusions 

In summary, this study demonstrated that a DL training program embodied in SSG has 

a great potential for fostering creative and tactical behavior in youth soccer players. Indeed, a 

training program sustained in the DL facilitates the development of the creativity components, 

mainly the originality, versatility and attempts of movement actions. These improvements 

were more evident in the U15 teams since the technical predisposition is less stressed during 

their training schedule. On the other hand, the DL approach provides a substantial decrease of 

the fails during the game performance in both teams. Moreover, it seems that the increase of 
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the individual variability promoted by the DL approach favors the regularity of the positional 

behavior in youth players compared to the typical SSG formats. Notwithstanding, the DL 

impacts more the U13 positional adjustments since they had a lower tactical behavior 

knowledge. An interesting finding from this study was that the DL embodied in dynamic 

environmental contexts seems to emphasize the players’ ability to identify the environmental 

cues. 

Overall, the DL seems to have distinct extents according to the teams’ specific 

limitations, whereas in the U15 stressed the creative behavior in the U13 highlighted the 

tactical behavior. Considering the theoretical considerations of the DL approach and the 

empirical results observed, a non-linear learning process highlights important implications for 

training process. Traditionally, the DL have been developed using isolated tasks, and this 

study showed that it could also improve players’ performance using game-based situations. 

Therefore, coaches could use DL variations sustained in game-based situations to foster the 

players’ creative and tactical behavior, as well as, improve their ability to be fine-attuned with 

the environment. Additionally, as creativity continues to be undeveloped, the DL is a highly-

recommended approach that could be easily introduced into the Physical Education 

curriculum as in the sports structures during the early ages. 

 

What Does This Article Add? 

The current article provides preliminary scientific support about the importance of 

movement variability to facilitate the emergence of players’ technical and tactical creativity. 

Variability embraces the exploration and search for adaptive movement solutions in different 

environmental conditions. However, in these learning contexts should be provided space and 

tolerance for players’ errors and attempts in order to refine their creative predisposition. 

Hence, using stochastic perturbations, embodied in the DL approach, appears necessary to 

facilitate adaptation to the different levels of complexity encountered in team sports. 
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Final Considerations 

Nowadays, the sport environment stifles players’ creative potential. Creativity in team 

sports inspires players to achieve remarkable behaviors that contribute to sports upgrade and 

the key is encouraging it during the youth development. Nevertheless, an important feature is 

that creativity can only be requested if the environment request creativity. Therefore, the aim 

of this thesis was to examine the influence of supportive environments to develop in-game 

technical and tactical creativity, by sharing the Creativity Developmental Framework as 

common background. This purpose was accomplished by elaborating a review article and 

three experimental research studies, framed by enrichment training programs, sustained in the 

Creativity Developmental Framework. In this general discussion, it will be highlighted the 

main findings of the experimental studies, considering the issues raised by the review article. 

Further, will be outlined the main practical implications associated to enrichment programs 

intended to nurture creativity. To finish, future research perspectives will be pointed out to 

extend the state of art of the research programs in sports science. 

 

Overview of main findings 

A critical literature review surrounding the creative behavior in team sports was 

explored in great depth in chapter two. To overcome a main literature gap regarding with the 

lack of supportive creative guidelines in youth sports, this study proposed the Creativity 

Developmental Framework. Furthermore, this Framework describes five incremental creative 

stages (beginner, explorer, illuminati, creator, and rise) and combines them into 

multidisciplinary approaches embodied in creative assumptions. The appropriate enrichment 

environment recommended by the Creativity Developmental Framework entails the 

importance of the practice pathway (from diversification to a specialization continuum); a 

sustained physical literacy; stresses the nonlinear pedagogies as the Teaching Games for 

Understanding, the Constraint-Lead Approach and the Differential Learning; and to finish, 

supports the divergent thinking training in specific and non-specific contexts. This 

Framework was clearly sustained in confluence-theories and hybrid theories considering 

creativity as a domain-general since combine the mastery of thinking and sporting skills as 

well as, nurtures an individual predisposition towards the exploration of novel actions on the 

field (Amabile, 1996; Kharkhurin, 2014; Kim, 2011; Pluncker & Beghetto, 2004; Sternberg & 

Lubart, 1996). Hence, the Creativity Developmental Framework scrutinizes the main 
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directions that aid to a long-term development of the creativity in team sports and should be in 

the future training interventions. The framework approaches were designed to support the 

players’ mini-c, little-c and pro-c creativity during the early ages, to further facilitate the big-

C attainment in later stages (Kaufman & Beghetto, 2009). To support this Framework, it will 

be necessary to confirm the effectiveness of the theoretical approaches by testing them into 

practice. In this vein, the chapter three, four and five will intend to clarify this premise. 

The effects of a physical literacy and differential learning program in motor, technical 

and tactical skills when accounting with the age of youth sport specialization were examined 

in chapter three. In spite of the distinct magnitudes, the results suggest that an enrichment 

program sustained in physical literacy and differential learning was beneficial in participants, 

with an average age of 20 years, in which their sports pathways were sustained in an early and 

late specialization. While, the experimental group of late specialization path revealed the 

largest benefits, in contrast, the non-structured path demonstrated no improvements in both 

control and experimental groups. Overall, the training program was most effective in the 

enhancement of motor skills and in the decrease of unsuccessful actions performed during the 

basketball game situations. Specifically, the participants with a late specialization path 

improved motor skills, namely the agility; specific basketball skills; as well as, decreased the 

mistakes in offensive actions, such as pass and cut and triple threat position. Otherwise, the 

participants with an early specialization path only improved their agility and decreased the 

pass and cut unsuccessful actions. These findings illustrate the importance of considering the 

role of practicing several sports to better adapt to new contexts and demands in adulthood, 

reinforcing the Social Learning Theory assumptions. According to this theory, the first 

experiences in sports will later shape the sport behavior and the type of commitment 

(Bandura, 1969). Research findings have been demonstrated the key role of the early 

diversification and unstructured practice to develop creativity (Greco, Memmert, & Morales, 

2010; Memmert, 2006; Memmert, 2015b; Memmert, Baker, & Berstch, 2010). A creativity 

predisposition may arise trough the combination of prior experiences from varied, informal 

and playful environments with a stimulating micro structure of practice, as differential 

learning and physical literacy provide. 

In chapter four, the study’s purpose was two-fold: firstly, it intends to identify the 

effects of the Skills4Genius sports-based training program in creative thinking, motor skills 

(vertical jump, speed, and agility), in-game individual creative behavior (exploratory 
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behavior), and in-game collective behavior (positional regularity) in team sports. Secondly, 

this study encompasses the first report linking creative thinking and in-game creative 

performance, through exploring the possible relationship between divergent thinking abilities 

and in-game technical creativity. Results generally reinforced the hypothesis that an 

enrichment program sustained in the exploratory stage of the Creativity Developmental 

Framework, which underpins creative thinking, diversified practice, physical literacy, and 

nonlinear pedagogies, fosters the creative behavior in children without previous experiences 

in sport. Specifically, the results suggested that the Skills4Genius program improved 

fundamental motor skills, such as agility and speed. Moreover, it stressed the in-game 

individual creative behavior through the boost of the attempts and versatile technical actions. 

Regarding positional data, the training program nurtured a better learning of the tactical 

principles, whereas the children showed higher regular behavior with their teammates’ and 

opponents’ positioning. These findings showed the technical exploration as a facilitator of 

game regularity, indicating that the positional adjustments were facilitated as players become 

more skilled. Lastly, this study demonstrated a positive correlation linking creative thinking 

and in-game creative performance, since the Skills4Genius program combined the training of 

the divergent thinking through non-sport tasks with specific-sport approaches intended to 

favors creativity. This tendency clearly supports the creativity domain-general in sports 

(Pluncker & Beghetto, 2004). It seems that, the non-sport divergent thinking activities 

aroused the children’s predisposition to explore unusual motor possibilities during the 

remaining sporting session. Indeed, this supportive environment gathers the domain-relevant 

skills, creativity-relevant skills and task motivation, gathering all the necessary elements for 

creativity emergence (Conti, Coon, & Amabile, 1996). 

In Chapter five it was identified the effects of a training program, sustained in 

differential learning, in technical creativity and tactical behavior in under-13 and under-15 

football players. In spite of the training program provided slightly different effects according 

to the age groups, the in-game technical creative behavior was developed, as well as, the 

positioning regularity in both groups. The creative components more stressed by the 

differential learning program were the attempts, versatility and originality in under-13 and 

under-15 groups. Nevertheless, when compared with the control group, the training program 

seems to be more beneficial in the under-15 teams, since the typical small-sided games 

formats did not promote relevant effects in the previous creative components. In addition, the 

training program revealed to be extremely effective in decreasing the fails during the small-
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sided games. Regarding to the positional data, the gains were more evident in under-13 team. 

The differential learning program seems to have favored the positioning behavior regularity 

for the distance between dyads, the distance to the team target and opponent target 

comparatively with typical small-sided games. These intentional positional adjustments may 

reveal a better understanding of the game. In conformity with the study of chapter four, a 

similar tendency was showed when notational and positional data were compared. In this 

vein, these findings reinforced that the in-game technical creativity nurtures the regularity of 

the positioning behavior. Thus, the differential learning assumptions encourage the adaptation 

to the different levels of complexity encountered in team sports. This approach favors the 

exploratory behavior, which broadly requests the players’ divergent thinking, both recognized 

as key elements to develop creativity in team sports (Hristovski, Davids, Araújo, & Passos, 

2011; Hristovski, Davids, Passos, & Araújo, 2012; Memmert, 2015a; 2015b). 

Considered together, the thesis findings (Figure 1) highlighted the role of the 

environment to shape the creative behavior in distinct age groups. On the other hand, 

reinforced the Creativity Developmental Framework guidelines as a fertile ground towards 

the creativity development. Further, to facilitate the creative behavior boost during the early 

years, the players’ sport experiences should be sustained in an early diversification and 

unstructured practice. Nevertheless, it does not mean that players committed with higher 

levels of deliberate practice in one sport, cannot later be creative, but the adaptation to the 

demands of the environment could be slower, as demonstrated in chapter three. Moreover, 

some approaches should be distinguished, such as diversification, physical literacy, TGfU, 

constraint-lead approach and differential learning, all with a common feature, variability. 

These approaches stress the disposition to think divergently and to explore the environment. 

In this vein, the chapter four and five supported the influence of the aforementioned 

approaches in thinking divergently, in the acquisition of a better motor performance, in the 

upgrading of novel technical skills, as well as, in enhancing positional regularity, as players 

display more intentionality in their positional decisions. Common findings showed the 

technical exploration as a facilitator of game regularity, indicating that the positional 

adjustments were aided as players become more skilled. Additionally, these gains could be 

observed in children without previous experiences in sports and also in youth players with 

more experience in team sports. Moreover, it was identified a positive correlation linking 

creative thinking and in-game creative performance, revealing that children which think more 

creatively also acts more innovatively in game. In this thesis, the differential learning was 
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highlighted as a promising approach to enhance the creative behavior in youth football 

players. Overall, the thesis findings highlight the key directions that could be used to update 

the current youth sports regulations towards a sustainable development of creativity. To 

finish, it is important to note, that in all training programs, it was tried to describe players and 

teams’ performance characteristics at different levels of interaction, mainly through notational 

and positional variables, to better attend to the multidimensional criteria of creativity. 

 

 

Figure 1. Main practical implications of the thesis findings. 

 

Recommendations for practice 

The review article included in chapter two presents the Creativity Developmental 

Framework intended to provide the basic guidelines that should guide coaches’ practices 

towards to unleash the players’ creative behavior. During the early years, the enrollment in 

diversification, deliberate play and physical literacy are determinant to nurture the creative 

behavior. These approaches allow more freedom to discover and to explore different 

movement patterns increasing the likelihood of emerging novel, adaptive and functional 

solutions. Further, a progressive specialization in sports sustained in the differential learning 

approach is highly recommended. Notwithstanding, during all the developmental stages of the 
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Framework, the TGfU linked with the constraints-lead approach play an important role to 

boost the creative behavior in more ecological environments. All the previous approaches 

foster the players’ divergent thinking and performance, a key component that encourages 

players to explore all actions possibilities instead of favor standardized behaviors. In this vein, 

this article might act as a starting point to understand creativity routes, which should be 

gradually implemented in sports and educational structures. Moreover, the coaches should be 

aware, that there is a substantial individual variation in creative developmental pathway, thus 

the presented stages should be considered only general guidelines, as they may not be 

sequential and followed by the players in the exactly same order. Nevertheless, this 

framework challenge the coaches to inspiring players through shaping their environment. 

Chapter three demonstrated how previous sport experiences may affect skills 

acquisition and contribute to adaptation to new sport contexts. Moreover, the different 

expressions of motor, technical and tactical improvements in basketball promoted by an 

enrichment program sustained in physical literacy and differential learning, could be 

influenced by the early sport exposure. Hence, the magnitude of the effects of specific 

intervention programs or even by the training process himself will depend on the players’ 

sport background. Youth coaches should encourage their players to be committed with several 

sports during the early years, or provide a wide range of stimuli within the training sessions. 

The lack of sports experiences seems to impair or delay the players’ development in later 

stages and limit the possibilities of making significant improvements in a short time as 

showed in the non-structured path results. Coaches should take into consideration that a path 

supported by late specialization might presents several advantages later, as so they must avoid 

the excessive efforts put it on short-term results, and focus in a sustained long-term sport 

preparation. 

In Chapter four, it was reinforced the Creativity Developmental Framework 

assumptions as reliable approach to develop the divergent thinking and in-game creative 

behavior. Team sports should be seen as a suited context for the creative behavior 

development, avoiding its decrease with age. Taking into consideration that creativity 

continues to be underdeveloped, coaches and physical education teachers may implement this 

enrichment environment in clubs or schools. Accordingly, this study clearly shown creativity 

in sports as a general-domain, since a correlation between the divergent thinking and technical 

creativity was identified. Thus, coaches and teachers should consider that the creativity will 
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be facilitated while concurrently improves children game-skills and thinking abilities. Under 

these practice conditions, it will be possible to trigger an essential skillset for the children’ 

future. 

The chapter five, demonstrates the differential learning as a promising approach to 

enhance the creative behavior in youth football players. Coaches can use differential learning 

approach during their training sessions to unleash the players’ adaptive behavior to 

unpredictable situations. Additionally, the learning contexts should promote opportunities for 

youth players challenge their boundaries, given space and tolerance for errors by encouraging 

the exploratory behavior. It is also important to note, that the differential learning approach 

should be incorporated in ecological contexts to better prepare the players at perceiving 

environmental cues and constant changes in game situations. The differential learning seems 

to induce a self-organized learning in which players develop the performance according to 

their individual limitations, since in the under-15 players was stressed the individual creative 

behavior, otherwise in the under-13 players was highlighted the tactical behavior. Indeed, 

differential learning is a highly-recommended approach that could be easily introduced into 

the sports structures, as well as, in the Physical Education curriculum during the early ages. 

 

Future directions 

The present thesis demonstrated the role of distinct enrichment environments to drive 

the creative behavior in team sports. Nevertheless, further studies could be carried out to 

reinforce the effectiveness of the Creativity Developmental Framework. An interesting and 

fruitful research direction would be placed on the relation between the unstructured practice 

and creative thinking, as well as, in the impact of socio-cultural context on creativity. Further 

studies will be necessary to confirm if the commitment with unstructured practice (i.e., street 

sport or play at school playground) during the early years, should be considered as a 

discriminant indicator to attain creativity in team sports. In addition, the correlation between 

divergent thinking and in-game technical creativity presented in chapter four, should be 

investigated in great depth. This tendency, added new insights on creativity domain, since 

linked the sports creative performance with children divergent thinking ability. Additionally, 

to overcome the challenge of measure creativity in team sports, the blend of notational and 

positional data is considered an ultimate requirement. A better understanding about team-level 

creative synergy is necessary, once creative ideas may also be generated by groups. Indeed, 
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the team sports are extremely dependent on the interaction of all elements, and not only as the 

sum of parts. In this vein, measuring in-game individual creativity sustained in technical 

performance constitutes a great breakthrough, however should be supported on collective 

variables, specifically intended to understand the tactical behavior of creative players.  
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