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Abstract 

The aim of this study was to further investigate the relationship between number of sports, 

amount of early diversification vs. early specialization during childhood and performance 

level in adolescence, in team sports. To investigate this, participants from the Topsport 

Talentschool in Groningen have been asked to elaborate on their sport participation patterns 

during childhood and their current sport participation through an online questionnaire. For the 

first hypothesis a positive relation between number of sports, amount of early diversification 

and current level were expected. The results showed only a significant positive relation for 

current hours of weekly practice and current performance level. Further no significant 

relations between the variables have been found. For the second hypothesis, two groups were 

made for each variable, dividing the participants in less vs. many hours of practice. A 

difference between those groups was expected in performance level. However, we found no 

significant differences between those groups for each variable, in current performance level. 

Thus, these findings were not in line with the formulated hypothesis. For future research it is 

important to create a broader perspective of the sport participation patterns during childhood. 

By looking further into the participation patterns, maybe a more definite answer can be found 

to the question which of the pathways is better for reaching excellence. This can help athletes 

and coaches in the future to follow more efficient roads to success. 

 Keywords: Early Diversification, Early Specialization, Sports Psychology, Sport 

Expertise 
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Early diversification in team sports, pathway to success? 

As a child, there are many different sports one can choose from. It could be that the 

child tries out some different sports before deciding upon the favorite one. Others just pick the 

favorite one right away, and stick with that during their youth growing up. But what path can 

be beneficial for developing talents and later expertise? What the best predictor is of later 

expertise is a question that has interested researchers in the past decades. These two possible 

roads of choosing sports can be seen as two different pathways which can lead to expertise in 

sports. In the talent development literature, they are called ‘early specialization’ and ‘early 

diversification’. Early specialization means ‘investment in one activity and deliberate practice 

from a young age’, while early diversification means ‘early participation in a wide variety of 

sports with a high level of deliberate play and low levels of deliberate practice’ (Coutinho et 

al., 2016).  

 When studying the development of early talent, it can be important to keep those 

pathways in mind. After studying these pathways researchers have shown that both pathways 

have their pros and cons with regards to them leading to expertise. Ericsson et al. (1993) 

stated that early specialization with deliberate practice is essential to the development of 

expertise in any domain. But early specialization has also been associated with negative 

consequences such as injuries, decreased enjoyment and dropout (Baker, 2003; Dalton, 1992; 

Butcher et al., 2002). While play-like involvement in a number of sports, as in early 

diversification, is beneficial for developing the intrinsic motivation required during later 

stages of development when training becomes more structured and effortful (Côté, 1999; Côté 

& Hay, 2002; Côté et al., 2003). Moreover, early diversification has been shown the more 

common pathway for sports that have their peak performance in adulthood, such as team 

sports like basketball and volleyball (Coutinho et al. 2015; Baker et al. 2003). However, 
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Baker & Côté (2006) suggest that early diversification alone is unable to nurture elite athletes 

in the long-term, it matters in which way diversification appears.  

 Although there is some evidence regarding both pathways for development of 

expertise, it is still uncertain which pathway is the better way to reach excellence in sports. 

Baker et al. (2009) stated some limitations of the previous studies and directions for future 

work. One of them being that there is more research required to determine whether the early 

diversification approach applies to all different sport types and for all skill levels. Baker et al., 

(2003) stated that in team sports, contradictory to individual sports, the development of 

expertise requires mastery in a wide range of different skills. Just as in individual sports 

physical fitness is important, but also practice in specific elements such as team strategies are 

necessary to improve the overall performance. Because of these differences between 

individual and team sports, we chose to only look at team sports for the current study. Hence, 

this research is aiming to provide more information on the topic of amount of early 

specialization vs. early diversification for team sports and different skill levels.  

Early specialization with deliberate practice 

 First, we will have a look into the current knowledge about these two pathways. As 

mentioned before, early specialization entails the start in one specific sport at an early age. So, 

when going with the early specialization pathway, children will play one sport and invest in a 

lot of practice hours from a young age. The investment is mostly in the form of deliberate 

practice. Ericsson et al. (1993) firstly stated the importance of intensive practice for reaching 

excellence. They came up with the ’10-year rule’ which means that before someone could 

reach the expert level there must have been a 10-year (10,000 hours) commitment to high 

levels of training. Thereby, they mentioned that the individuals also need to be engaged in 

deliberate practice and not just any basic training sessions. Deliberate practice is task specific 

practice that is instructed and monitored by a coach to improve one’s performance. It involves 
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frequent repetition of a task, is highly effortful, and not inherently enjoyable (Ericsson et al., 

1993). 

 During deliberate practice, the athletes are involved in training sessions where 

required skills are developed under continuously evolving conditions. In these conditions 

training stress and recovery are optimally balanced, in that way maximal training 

transformations can occur and training plateaus are minimized (Baker, 2003). It has been 

shown that after practice, individuals first show a big increase in their rate of learning, but 

over time this rate of learning decreases as practice continues. This is called the power law of 

practice (Newell & Rosenbloom, 1981). Basically, what it means is that after time has passed 

it becomes more difficult to improve as quickly as someone did before. This indirectly led 

Ericsson (1993) to state that the earlier someone begins with deliberate practice and very 

focused training, the bigger the chance of achieving excellence in adulthood. 

 Concluding, for early specialization the focus lies on starting early in one particular 

sport. To reach the expert level within that sport, it is stated that it is important to accumulate 

many hours deliberate practice into the sport from a young age. But there is also another 

pathway for reaching excellence in sports. And that is the pathway called ‘early 

diversification’. 

Early diversification with deliberate play 

 The other pathway children/athletes can follow is that of early diversification. Early 

diversification means that children will participate in a wide variety of sports from a young 

age before specializing in one sport at a later age. Côté (1999) first introduced the 

Developmental Model of Sport Participation (DMSP). Back then, he identified three stages to 

development of sport behavior from childhood to adolescence. These three stages are the 

sampling years (ages 6-12), the specializing years (ages 13-15) and the investment years (age 

16+). During the sampling years, mainly the parents are responsible for getting their children 
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involved in sports, the children are given the chance to sample a wide variety of different 

sports. In the specializing years, the child will narrow its focus to one or two specific sports. 

Lastly, the investment years, here the child will become committed to one sport, trying to 

achieve an elite level. During the sampling and specializing years, fun and excitement is a 

main purpose. This can be achieved through high levels of deliberate play. Later Côté and 

colleagues modified the DMSP to illustrate the possible sport trajectories more clearly. This 

model can be found in figure 1. According to this model there are three possible entries into 

sport: 1) recreational participation trough sampling 2) elite performance trough sampling and 

3) elite performance through early specialization. After that the same stages of development 

will occur as in the first version of the model (Côté, 1999; Côté et al., 2007; Côté & Fraser-

Thomas, 2007). 

Figure 1 

Developmental Model of Sport Participation (Côté, 1999; Côté et al., 2007; Côté & Fraser-

Thomas, 2007) 
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 Côté and Hay (2002) introduced the concept of deliberate play. These deliberate play 

sessions are designed to maximize inherent enjoyment. The rules within a deliberate play 

environment are adapted from standard sport rules and are monitored by the children 

themselves or by adults. Looking at the DMSP, the sampling years are characterized by a low 

frequency of deliberate practice and a high frequency of deliberate play, in the specializing 

years this division is somewhat equal, and the investment years are characterized by high 

frequency of deliberate practice and a low frequency of deliberate play (Côté, 1999; Côté and 

Hay, 2002). 

 The effects of early diversification on the development of skills are likely linked to 

transfer of learning and cross-training (Baker, 2003). In a study of Thorndike (1914) he 

already suggested that identical items between tasks are transferable. These effects are the 

strongest during early stages of involvement (Schmidt & Wrisberg, 2000), corresponding with 

the sampling years in the DMSP (Côté, 1999; Côté et al., 2007; Côté & Fraser-Thomas, 

2007). Schmidt and Wrisberg (2000) divided transferable items into different categories. 

These categories are ‘movement elements’ (refers to anatomical actions required to perform a 

task), ‘perceptual elements’ (refers to the interaction with the environment and decisions that 

the athletes make based upon that interaction) and ‘conceptual elements’ (refers to the 

strategies and rules of a certain game). Baker et al., (2003) also stated that a transfer of 

learning occurs from one sport to another, including both cognitive and physical abilities. It is 

important that the different sports share similar elements for cross training effects to happen. 

For example, Millet et al. (2002) found that cross training effects did occur between cycling 

and running, so sports with similarities in movement elements, but not for swimming. 

Looking at examples of team sports, Abernethy et al. (2005) investigated the transfer of 

pattern reading skills between different team ball sports. They investigated this within netball, 

basketball and hockey players. The results showed that ‘the sport-specific experts consistently 
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recalled the patterns from their domain with greater accuracy than did the non-experts’. 

Besides that, they also observed that experts from one of the team sports, for example 

basketball, were able to perform almost or just as good in another’s sport recall task, as the 

experts of that other sport, for example netball. Which suggests that particular skills can be 

transferable between some sports. 

 So, for early diversification the focus lies on sampling different sports during youth, 

with high levels of deliberate play. Transfer and cross training effects can occur in different 

situations. But comparing this with the early specialization pathway, what is the better one for 

reaching excellence in sports?  

Comparing early specialization with early diversification. 

Important to mention before looking at which pathway is the better one for reaching 

excellence, is that there will always be individual differences and preferences. The 

developmental pathway is not the only factor that contributes to reaching excellence in sport.  

According to Portenga (2019) ‘An essential component of talent development in sport is the 

young athletes’ ability to undertake the talent development journey. To progress from one 

level to another, developing athletes need to outperform their peers during practice and 

competition. Thus, developing athletes manage the dual goals of improving their sport-

specific characteristics enough to compete at a high standard as juniors while at the same time 

actively training to increase likelihood of reaching senior elite levels.’ Besides that, not only 

the amount of practice can influence the possibility of reaching excellence. Rees et al., (2016) 

provided current talent development knowledge and evidence across three key topics: a) the 

performer; b) the environment; and c) practice and training. Hence, also the performer and 

environment can play a role in reaching excellence. But for now, we will only focus on 

practice and training in the form of the developmental pathways. 
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For both pathways, there are some pros and cons that are important to consider. 

Starting off with early specialization. As mentioned earlier, Ericsson et al. (1993) stated that 

early specialization with deliberate practice is essential to the development of expertise in any 

domain. They emphasized that ‘the higher the level of attained elite performance, the earlier 

the age of first exposure as well as the age of starting deliberate practice.’ Although it is 

mentioned by Ericsson et al. (1993) that deliberate practice is ‘not inherently enjoyable’, 

several studies reported positive feelings towards practice sessions that are aiming to improve 

performance (Baker & Young, 2014; Ward et al., 2007; Starkes et al., 1996). But apart from 

that, early specialization with deliberate practice has also been associated with negative 

effects. For example, Wiersma (2000) reported that early specialization could affect the long-

term physical activity involvement and therefore long-term health. This could potential 

happen due to the limited range of skills performed caused by only practicing one sport during 

early specialization, which in turn could decrease the likelihood of participation in alternative 

physical activities. Other disadvantages found are increased dropout due to lack of enjoyment 

and injuries (Law et al., 2007; DiFiori et al., 2014; Dalton, 1992). But maybe even more 

important, the study Vaeyens et al. (2009) showed that there is not really any evidence that an 

early start and a high amount of deliberate practice are associated with greater success at a 

later stage in life. 

Looking at early diversification and deliberate play there are also some pros and cons 

to mention. After Côté and Hay (2002) introduced the concept of deliberate play, they 

proposed that this play-like environment can help stimulate intrinsic motivation (Côté et al., 

2003), which in turn can serve as the basis for a self-regulated involvement in elite sport at a 

later stage in someone’s career (Côté et al., 2009). This could arise because of the number of 

different physical, cognitive, affective and psychosocial environments children experience 

through the participation in different sports (Côté et al., 2012; Côté et al., 2009; Côté, Horton, 
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et al., 2009). Another benefit of early diversification is that sampling can stimulate prolonged 

engagement in sport by limiting physical injuries (Fraser-Thomas et al., 2005). Furthermore, 

the research of Bridge and Toms (2013) looked at the number of sports individuals 

participated in and set this against the DMSP framework (Côté, 1999; Côté et al., 2007; Côté 

& Fraser-Thomas, 2007). They asked participants to elaborate on their participation in sports 

between the ages of 7 and 18 years, including all types of sports. Things like number of sports 

and highest standard of competition were asked. The main sport was selected based on the 

one were the participant reached the highest level in. The results showed that ‘individuals who 

competed in three sports aged 11, 13 and 15 were significantly more likely to compete at a 

national compared with club standard between the ages of 16 and 18 than those who practiced 

only one sport.’ This could mean that the early diversification pathway is more beneficial to 

becoming expert in a sport than the early specialization pathway. But there is more evidence 

needed to say for sure if the early diversification pathway is superior for reaching excellence 

in sport. So, that is what this research is aiming to provide. 

Current research 

 Concluding, it seems like early diversification has more advantages compared to early 

specialization, and therefore maybe could be the more beneficial pathway. But, Baker et al. 

(2009) stated some limitations of the previous studies and directions for future work. There is 

more research necessary to find out which pathway is more effective, and how to enhance 

them. One direction for future work that Baker et al. (2009) suggested is that there is more 

research required to determine whether the early diversification approach applies to all sport 

types and for all skill levels. Güllich et al., (2021) also mentioned it could be interesting to 

look further into the relationship between earlier participation patterns and later performance 

development. So, to study this topic further, and to get more specific information about the 

pathways, this research is aiming to provide more information on the topic of early 
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diversification in team sports, specifically if the amount of early diversification vs. the amount 

of early specialization during childhood influences the current performance level in 

adolescence. In more detail, this research aims to see whether there is a relation between the 

number of sports and amount of specialized vs. diversified practice during childhood and 

current performance level, and to research further if there is a difference in future level of 

sports performance based on the developmental pathway. Based upon the current literature 

like the research of Bridge and Thoms (2013), were previously has been shown that the 

number of sports was associated with reaching a higher level, the following hypothesis have 

been formulated. Hypothesis 1: A positive relation between number of sports, hours of early 

diversification and level of sport performance in adolescence is expected. Hypothesis 2; 

Athletes with less specialized- and more diversified practice hours during childhood are 

expected to have a higher current performance level in adolescence in their main sport.  

Method 

Participants 

 For this research, an a priori power analysis has been conducted with G*Power 3 (Faul 

et al., 2007). Based on an ANOVA, to get a power of 80% (alpha = .05) with a medium effect 

size (f = .25), a sample size of 128 was necessary. 

 The participants in this research are recruited from the ‘Topsport Talent School 

Groningen’ (TTSG). This is a high school were children get more freedom to also pursue an 

athletic career next to their education. To get a more accurate current level of performance 

only participants from 14 years and older are taking part in this research. So, the choice had 

been made to only include the ‘older’ athletes that are following their education at the TTSG. 

Because according to the DMSP (Côté, 1999; Côté et al., 2007; Côté & Fraser-Thomas, 2007) 

these students are now in their specializing/investment years, so they are most likely more 

developed in their athletic careers, in comparison with the younger students at the TTSG. 
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  After conducting the questionnaire at the TTSG, there were 54 participants who 

actually completed the questionnaire, of which 2 didn’t agree with the informed consent so 

they were immediately removed from the dataset. To make sure that it would be as accurate as 

possible when comparing the participants with each other, only the participants with a team 

sport as a main sport have been chosen to keep in the analysis, 20 participants with an 

individual sport as main sport were therefore removed. The following team sports were 

included: acrobatic gymnastics, basketball, floorball, handball, hockey, korfball, football, and 

water polo. Another participant did not fully complete the questionnaire. After removing these 

participants, there were 32 participants still in the dataset. The age of these participants ranged 

from 14 to 18 years of age (Mage = 15.97 SD = 0.86, 46.9% woman).  

The parents of the participants all gave their permission to use their children’s data for 

scientific research. The study was approved by the ethical committee of Psychology, 

University of Groningen 

Procedure 

The participants were scheduled to participate in this study during their normal school 

hours. The researcher was present during this hour to answer possible questions. They could 

fill in the questionnaire through a QR-code or URL that was provided by the researcher. Most 

of the participants used their mobile devices. After reading and agreeing with the informed 

consent the participants were told that they were going to be participating in this research 

about their sports experience during primary school and high school. This questionnaire is 

divided in three different parts. The goal of the first part was to collect demographical 

information about the participants, like gender, age and in which school year they are 

currently in. The second part contained questions about the participants’ current sports 

situation. The goal of this part was to get more insight into the types of sports the participants 

were engaging in, how much time they practice this sport(s), and what their current level is. 
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Questions that were asked were for example ‘How old were you when you first started your 

main sport?’, ‘How many hours a week do you spend doing your main sport?’ and ‘How 

many months a year are you active in your main sport?’ Besides these questions, it was also 

important to measure the current level of the participants. To measure this, the participants 

were asked to rate their performance during this season in comparison with other children of 

the same age who play the same sport, this question was answered on a slider (0-100) 

(Hendriks, 2016). Finally, the last part was about the participants their sport participation 

during primary school. The questions in this part focused on basically the same things as the 

questions during the previous part, but then with the emphasis on the primary school period 

(age 0-12). So, what type of sports did they do during primary school, how much time did 

they spend doing each sport, and what was the performance level. Some of the questions were 

multiple choice (e.g., ‘What is your current main sport?’) and others were answered on a 

slider (e.g., ‘How many hours do you spend practicing for your sport each week’). To make 

sure the students could remember as good as possible what they did during primary school, 

the parents were asked in the invitation email to help their child with remembering the types 

of sports and hours that they spend doing these sports. 

Materials 

The questionnaire was completed online using Qualtrics. Some of the questions are 

based on the proposed interview method of Côté, et al. (2005). In this interview method, they 

proposed topics that should be discussed to assess ‘how elite athletes’ development may have 

differed from that of less accomplished athletes in the same sports and events.’ It consists of 

three content areas: Measures and description of current and past level of performance; 

engagement in domain-related activities; and factors limiting the quality and quantity of 

training. The questions that were used in the current questionnaire are based upon the 

suggested topics in the ‘Engagement in Domain-Related activities’ part. Furthermore, the 
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question that was measuring current level is based on the Sport report (e.g., ‘How would you 

rate your level compared to athletes of your age?’) (Hendriks, 2016). 

Data analysis 

After removing the first participants and before analyzing the data, other noticeable 

things in the data have been investigated. Part of the data of one participant was removed. 

This person included swimming lessons as one of the practiced sports during primary school, 

but this was explicitly mentioned not to include. This participant mentioned in the comment 

section that this data was included, so the choice was made to remove the answers of 

swimming for this participant. Six participants did not include their current main sport, which 

they started during primary school, in the second part of the questionnaire. To fill in this 

missing data, answers of the other participants with the same sports, who did answer these 

questions, have been used. Mean hours have been calculated based on these responses and 

filled in for the missing data. Furthermore, the choice had been made to only include sports 

that the participants practiced for half a year and longer. The data of sports that were only 

practiced for a few months was therefore excluded from the data analysis. 

For the data analysis, different variables were used. The current performance level was 

used as the dependent variable. As the independent variables, the number of sports during 

primary education, hours of practice in main sport during primary education, hours of other 

sports during primary education and current weekly hours of practice have been used. Total 

hours of practice during primary education was calculated using the answers of the 

participants. Before we could test the second hypothesis, groups have been conducted for all 

three variables, to analyze whether significant differences exist between the groups with 

regard to performance level. The participants have been divided in two groups for the 

following three variables: 1) hours of practice in main sport during primary education (cut-off 

value: 1562 hours); 2) hours of practice in secondary sports during primary education (cut-off 
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value: 249 hours); and 3) current weekly hours of practice in main sport (cut-off value: 10,9 

hours). The participants have been divided into two groups; few hours of practice and many 

hours of practice. The cut-off point for the groups was the median of the different independent 

variables. A correlation and ANOVA analyses will be run to see whether there is a relation 

between these variables and if differences exist between different groups based on amount of 

practice hours.  

Results 

To first get an overall look at the data and the responses the participants have given, 

descriptive statistics for the dependent variable and the independent variables are shown in 

table 1. In this table, the mean, SD, minimum and maximum for the different variables can be 

found. 

Table 1 

Descriptive statistics for DV and IV’s. 

Variable Mean SD Min. Max. 

Current performance level (0-100) 67,78 23,74 0 100 

Total number of practiced sports  2,78 2,21 1 12 

Total hours of practice in main sport 

during primary school 

1791,12 1418,84 0 5616 

Total hours of practice in secondary 

sport(s) during primary school 

429,94 613,19 0 2548 

Current weekly hours of practice 11,64 5,16 5,2 28,1 

 

Table 2 shows the descriptive statistics for the different groups that were created based on the 

median of the independent variables. In this table the N, mean and SD can be found for each 

different group, per variable. 
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Table 2 

Descriptive statistics for the different groups. 

Variable Group N Mean SD 

Total hours of practice in main 

sport during primary school 

Less practice hours 16 696,75 545,30 

 Many practice hours 16 3022,75 1108,32 

Total hours of practice in 

secondary sport(s) during 

primary school 

Less practice hours 16 35,00 62,35 

 Many practice hours 16 824,88 663,65 

Current weekly hours of 

practice 

Less practice hours 16 8,04 1,83 

 Many practice hours 16 15,83 4,93 

 

Testing of Assumptions 

Before doing the analyses, a check has been done to see whether the assumptions were 

met. First, the results for Levene’s test for homogeneity of variance showed that there was no 

violation of the homogeneity assumption for the different groups (p > .05). Next, according to 

Shapiro Wilk’s test, most of the data was approximately normally distributed (p > .05). Only 

for the variables hours in main sport during primary school (p = .029) and hours in secondary 

sports during primary school (p = .047) the groups with many practice hours were not 

normally distributed. Looking at the boxplots for outliers, there were two outliers in the hours 

of practice in main sport during primary school, three in hours of practice in secondary sport 

during primary school, and one in the current weekly hours of practice variable. But after 

further investigation it was not necessary to remove these participants. We chose to continue 
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with the analyses as planned, keeping the violation for the normality in those two groups in 

mind. 

Hypothesis 1 

After the overall look into the data and assumption checks, the first hypothesis has 

been tested. A positive relation between number of sports, hours of early diversification and 

level of sport performance in adolescence was expected. To test this hypothesis, correlations 

between the independent variables and current performance have been calculated. These 

calculations only showed a significant and quite high Pearson correlation for current hours of 

practice (r = .440 p <.05). For the other variables, the correlations were not significant and 

very weak. The Spearman correlation for number of sports was r = -.106 (p = .564), and the 

Pearson correlation for practice hours in main sport during primary education r = -.067 (p = 

.717) and for practice hours in secondary sport during primary education r = .115 (p = .530).  

Hypothesis 2 

 For the second hypothesis, it was expected that athletes with less specialized- and 

more diversified practice hours would have a higher current performance level in their main 

sport. To test this hypothesis, two groups have been conducted (less hours of practice vs many 

hours of practice) for each variable to see whether differences exist between them with regard 

to current performance level. To see whether these differences would exist between these 

groups in current performance level, a three-way ANOVA with a 2x2x2 factorial design has 

been used. Result of the three-way ANOVA for the 2x2x2 factorial design showed no 

significant main effects for hours of practice in main sport during primary school F (1, 24) = 

.115, p = .737, with a small effect size (partial η2 = .005), for hours of practice in secondary 

sports during primary school F (1, 24) = .155, p = .697, with a small effect size (partial η2 = 

.006) and for current hours of practice in main sport F (1, 24) = .175, p = .680, with a small 

effect size (partial η2 = .007).  
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Discussion 

The aim of the current study was to gather more information on the topic of early 

diversification vs. early specialization and to see whether there is a relation between the 

followed pathway during childhood and level of performance in adolescence. Participants 

from the TTSG filled in an online questionnaire about their athletic careers so far. Information 

about number and type of sports, amount of practice hours, and level were asked for the 

period during primary education (age 0-12) and current time. The results are based on the 

current level, amount of practice hours during primary education and in the present time. 

The first hypothesis was that there would be a positive relation between number of sports, 

hours of early diversification and level of performance in adolescence. The results showed no 

significant very low correlations for these variables. Some correlations were even slightly 

negative. This could mean that, based on this sample, there would be no relation between the 

number of hours’ early diversification vs. early specialization during childhood and 

performance level in adolescence. It could even look like there is a negative relation between 

number of sports and current performance level, but this correlation was also very low and 

non-significant. Furthermore, looking at the results for this sample, it would even suggest that 

sport participation during childhood does not matter at all for performance level in 

adolescence. This is very unexpected based on everything we know so far about early 

specialization vs. early diversification. Ericsson et al., (1993) stated for example that it is 

essential to have an early start in one sport and maximize deliberate practice from a young 

age. On the other hand, for the early diversification pathway, Bridge and Toms (2013), did 

find a positive relation between number of sports and performance level. Also, Côté and his 

colleagues repeatedly found that engagement in deliberate play during childhood is essential 

for developing fundamental skills and eventually reaching excellence (Côté 1999; Côté et al., 

2001; Côté & Hay, 2002). There only was a significant, medium positive correlation between 
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current hours of practice and current performance level. This is in line with many of the 

previous done studies (e.g., Baker et al., 2005; Hodges et al., 2004; Law et al., 2007). Before 

looking at possible explanation for these non-significant findings, we first will interpretate the 

results for the second hypothesis. 

For the second hypothesis, it was expected that athletes with less specialized- and 

more diversified practice hours will have a higher current performance level in their main 

sport. The results of the three-way ANOVA showed no significant main effects for hours of 

practice in main sport and hours of practice in secondary sport during primary education. This 

would suggest that there is no difference between the groups that had less or many hours of 

specialized or diversified practice during childhood, in current performance. It also showed no 

significant difference between having less or many weekly practice hours in the present time 

in current performance level. Which in turn could mean that there is no difference between 

the group that currently practices less hours and the group that practices more hours in current 

performance level. Which is especially remarkable, because of the significant positive 

correlation found between current practice hours and current level in adolescence in the first 

hypothesis. So, this would mean that there is a relationship, but you cannot divide the group 

into less vs. many hours and see a significant difference in performance level during 

adolescence. All of these results are again unexpected. For example, when looking at meta-

analysis of Güllich et al. (2021), they did find a difference between senior-world class athletes 

and national-class performers in accumulated practice hours in the main sport. Besides that, 

they also found that senior world-class performers were involved in more coach-led practice 

in other sports besides their main sport during childhood. Another study showed that 

international medalist practiced more in other sports before entering their main sports and 

maintained this engagement in other sports over more years compared to non-medalists 
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(Güllich, 2016). So, how come did this research not find any similar results? There could be a 

few possible explanations for these non-significant findings. 

 First and foremost, this study had a sample size of 32 in the end. According to the a 

priori power analysis, a sample size of 128 was necessary. So, the sample size of this study 

was a lot lower than the recommended sample size, which could lead to a decreased statistical 

power. We still continued with this study because of the type of sample we have. These 

participants are recruited from the Topsport Talent School, a school where students get more 

freedom so that they can also focus on their athletic careers. This means that all the 

participants are athletes who chose to adjust their education to their athletic careers. 

Therefore, it is a smaller population, and more difficult to find a lot of participants for a 

bigger sample. But because of this huge difference in sample size, it is important to take 

caution when drawing conclusion out of this data. 

 Another possible explanation could be that it was difficult for the participants to 

accurately recall their sport participation during primary school. Research previously showed 

that accuracy in recall is greater in different occasions; when the recall period is shorter, when 

the recall activity concerns something that is important to the individual and when the recall 

behavior is constant over a period of time (Dex, 1995; Bound et al., 2001). It has been 

previously shown that hours of practice in previously played sports are recalled with a 

moderate to poor consistency (Wilson-Hopwood et al., 2011). However, our results are 

mostly based on these recalled hours of practice. Looking at our participants, the way the 

questionnaire was structured, and on which data the results are based, it could therefore be a 

possibility that sport activities that participants engaged in during their first years of life were 

not that salient to them, and therefore could result in a recall error and inaccurate responses. 

Which on the other hand could also be an explanation for the positive relation found between 

current hours of practice and current level. Because this recall period is very short, and the 
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main sport is currently important and salient to the participants, the recall error is probably 

very small. We tried to overcome this by asking the parents to help the children remember, 

through talking about the sports they did with them, but we do not know for sure if the parents 

actually did that.  

 Lastly, the age of the participants ranged from 14 till 18 years. According to the 

DMSP, children with the age of 14 and 15 are still in their specializing years and not yet in 

their investment years (Côté, 1999; Côté et al., 2007; Côté & Fraser-Thomas, 2007). This 

could mean for this part of the participants, that they probably did not reach their full potential 

yet because they are simply just too young to be there already. They are still in the middle of 

their athletic careers. Olympic athletes have been found to start training competing and 

participating in international championships significantly later (Vaeyens et al., 2009). Also, 

Balyi and Hamilton (2004) found that reaching an elite level in sports in which peak 

performance is reached after maturation is not hindered by early diversification. The age of 

peak performance can differ for different types of sports. Longo et al. (2016) investigated the 

age of peak performance in Olympic sports. For the team sports we also have in our sample, 

they found that the peak performance age ranged from 26.9 to 29.2 for men in water polo, 

basketball and hockey, and from 29.5 to 32.6 for handball. For women these ages ranged from 

23.8 to 25.3 for water polo, from 25.8 to 27.3 for hockey, and from 27.5 to 30.2 for football 

and handball. So, for our participants, whose mean age was 15.97, there is still a lot of time to 

reach their full potential. Therefore, there is a high chance that the current performance level 

they filled in, is not their potential performance. This could be a reason why we do not see 

any significant results for our sample. To overcome this, we already chose the oldest group of 

the students available, but to totally overcome this, more research should be done when the 

students are fully matured or finished with their athletic careers to know for sure what their 

highest reached level was. 



EARLY DIVERSIFICATION IN TEAM SPORTS 

 

23 

Limitations and future research 

 When interpreting the results, there are some important limitations to keep in mind. 

First one being the way the questionnaire was structured. We only measured amount of 

practice hours during primary school on one variable. This means, we only had one question 

per sport for this variable (e.g., ‘How many hours did you spend practicing for this sport each 

week?’). The participants could only fill in one answer for their entire primary school period. 

But it is very likely that when someone practices, for example, 6 hours a week when they are 

11, that they did not practice that many hours immediately when they started the sport at, for 

example, age 4. But because we only asked for one answer over this entire period, they had to 

provide us with one mean number of hours over this entire period of time. This could result in 

a bias for the amount of practice hours. To overcome this, future research could choose to 

measure sport participation at different ages and on six different variables as suggested by 

Güllich et al. (2021). They said that participation in sports is characterized by six variables: 

age at which they started their main sport, rate of early progress, amount of main-sport coach-

led practice, amount of main-sport youth-led play, amount of other-sports coach-led practice, 

and amount of other sports youth-led play. Using these variables, and measuring them for 

each year they practiced a certain sport, could give more accurate results.   

 Another limitation which could result in less reliable measures, is that the 

questionnaire has been filled in in a busy classroom. As previously mentioned, the 

participants had time scheduled during their normal school day to fill in the questionnaire. 

They had half an hour in their schedule where they were in the classroom with each other and 

there they could answer the questions. Because they were with their usual peers, there was a 

lot of noise in the classroom. Participants were chatting with each other about the questions 

and their sport experiences because of this free environment. Besides that, for the participants 

who did a lot of sports during primary school, the questionnaire was quite a bit longer, thus 
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the participants finished at different times, which also led to a distracting environment for the 

participants who did not finish yet. A study of Forrin et al. (2021) found that distractions can 

cause inattentiveness to spread from one student to another. This could have resulted in less 

focus on the questionnaire which in turn could have led to less accurate and reliable answers. 

To avoid this in the future, a separate room with less distractions can be created where 

participants can fill in the questionnaire in silence and therefore can focus better on the 

questions.  

 For future research, a suggestion would thus be to measure amount of practice during 

childhood on different variables suggested by Güllich et al. (2021) and for more periods in 

time. Furthermore, it could be interesting to follow the athletes for a longer period and ask the 

same questions again when they fully matured and reached their full potentials in their athletic 

careers. In this way, you can really see whether the amount of accumulated practice hours 

within a certain pathway was predictive for their final reached performance level. Besides 

that, for this research we only looked at athletes with a team sport as their current main sport 

and compared those with each other.  It could also be interesting to see whether there would 

be differences within all those types of team sports. It could be beneficial to know per sport 

what could be the best pathway to success. Apart from that, it is also of interest to take 

individual differences into account, what road works for one kind of individual may not work 

for another. Scientist can take a deeper look into different personalities and what would be 

beneficial for them. When that knowledge is available, athletes and coaches can map out a 

very specific road to hopefully reach excellence more efficiently in the future. 

Conclusion 

In conclusion, the aim of this research was to see whether there is a relation between 

the developmental pathway and current performance level, and to see whether there exists a 

difference in level of sports performance in adolescence based on the developmental pathway. 
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The results did show a positive relation between current practice hours and current level, but 

no relation was found for amount of early diversification vs. early specialization and current 

performance level. Besides that, this research also showed no prove that there is a difference 

between groups who have a lot- vs. less diversified practice during childhood in current 

performance level. Though this research provided no significant results, it is still important to 

investigate the pathways more extensively. Current literature is still somewhat contradictory, 

it seems like the early diversification pathway is showing more advantages compared to early 

specialization and therefore being the more beneficial pathway. However, looking at the 

current research, it did not fit in with that view, but this could also be because of the 

limitations stated above. Furthermore, it is always important to keep in mind the individual 

differences and preferences that exists between athletes. The career that led one athlete to the 

top, does not necessarily need to lead another athlete to reaching the same level. If we want to 

improve the talent development of promising athletes, it is very useful to know what, per sport 

and per athlete, could be the most efficient way to reach excellence with as less as possible 

setbacks. 

 

 

 

 

 

 

 

 

 

 



EARLY DIVERSIFICATION IN TEAM SPORTS 

 

26 

References 

Abernethy, B., Baker, J., & Côté, J. (2005). Transfer of pattern recall skills may contribute to 

the development of sport expertise. Applied Cognitive Psychology, 19(6), 705–718. 

https://doi.org/10.1002/acp.1102 

Baker, J. (2003). Early Specialization in Youth Sport: a requirement for adult expertise? High 

Ability Studies, 14(1), 85–94. https://doi.org/10.1080/13598130304091 

Baker, J., Cobley, S., & Fraser‐Thomas, J. (2009). What do we know about early sport 

specialization? Not much! High Ability Studies, 20(1), 77–89. 

https://doi.org/10.1080/13598130902860507 

Baker, J., Cote, J., & Abernethy, B. (2003). Sport-Specific Practice and the Development of 

Expert Decision-Making in Team Ball Sports. Journal of Applied Sport Psychology, 

15(1), 12–25. https://doi.org/10.1080/10413200305400 

Baker, J., Côté, J., & Deakin, J. (2005). Expertise in Ultra-Endurance Triathletes Early Sport 

Involvement, Training Structure, and the Theory of Deliberate Practice. Journal of 

Applied Sport Psychology, 17(1), 64–78. https://doi.org/10.1080/10413200590907577 

Baker, J., & Young, B. (2014). 20 years later: deliberate practice and the development of 

expertise in sport. International Review of Sport and Exercise Psychology, 7(1), 135–

157. https://doi.org/10.1080/1750984x.2014.896024 

Balyi, I., & Hamilton, A. (2004). Long-term athlete development: Trainability in childhood 

and adolescence. Windows of opportunity, optimal trainability. Victoria: National 

Coaching Institute British Columbia & Advanced Training and Performance. 

Bound, J., Brown, C., & Mathiowetz, N. (2001). Measurement error in survey data. In J. J. 

Heckman & E. Leamer (Eds.), Handbook of Econometrics (Vol. 5, pp. 3705–3843). 

Elsevier Gezondheidszorg. 



EARLY DIVERSIFICATION IN TEAM SPORTS 

 

27 

Bridge, M. W., & Toms, M. R. (2013). The specialising or sampling debate: a retrospective 

analysis of adolescent sports participation in the UK. Journal of Sports Sciences, 

31(1), 87–96. https://doi.org/10.1080/02640414.2012.721560 

Butcher, J., Lindner, K. J., & Johns, D. P. (2002). Withdrawal from competitive youth sport: 

A retrospective ten-year study. Journal of Sport Behaviour, 25, 145–163. 

Côté, J. (1999). The Influence of the Family in the Development of Talent in Sport. The Sport 

Psychologist, 13(4), 395–417. https://doi.org/10.1123/tsp.13.4.395 

Côté, J., Baker, J., & Abernethy, A. B. (2001). Stages of sport participation of expert decision 

makers in team ball sports. In A. Papaioannou, M. Goudas, & Y. Theodorakis (Eds.), 

Proceedings of the 10th World Congress of Sport Psychology (Vol. 3, pp. 150–152). 

Christodoulidi Publications. 

Côté, J., Baker, J., & Abernethy, B. (2003). From play to practice: A developmental 

framework for the acquisition of expertise in team sports. In J. Starkes & A. K. 

Ericsson (Eds.), Expert Performance in Sports (pp. 89–110). Macmillan Publishers. 

Côte, J., Baker, J., & Abernethy, B. (2007). Practice and play in the development of sport 

expertise. In G. Tenenbaum & R. C. Eklund (Eds.), Handbook of Sport Psychology 

(3rd ed., pp. 184–202). Wiley. 

Côté, J., Ericsson, K. A., & Law, M. P. (2005). Tracing the Development of Athletes Using 

Retrospective Interview Methods: A Proposed Interview and Validation Procedure for 

Reported Information. Journal of Applied Sport Psychology, 17(1), 1–19. 

https://doi.org/10.1080/10413200590907531 

Côté, J., & Fraser-Thomas, J. (2007). Youth involvement in sport. Sport Psychology: A 

Canadian Perspective, 266–294. 

Côté, J., & Hay, J. (2002). Children’s involvement in sport: A developmental perspective. 

Psychological Foundations of Sport, 484–502. 



EARLY DIVERSIFICATION IN TEAM SPORTS 

 

28 

Côté, J., Horton, S., & MacDonald, D. (2009). The Benefits of Sampling Sports During 

Childhood. Physical & Health Education Journal, 74, 6–11. 

Côté, J., Lidor, R., & Hackfort, D. (2009). ISSP position stand: To sample or to specialize? 

Seven postulates about youth sport activities that lead to continued participation and 

elite performance. International Journal of Sport and Exercise Psychology, 7(1), 7–

17. https://doi.org/10.1080/1612197x.2009.9671889 

Côté, J., Murphy-Mills, J., & Abernethy, B. (2012). The development of skill in sport. In N. J. 

Hodges & M. A. Williams (Eds.), Skill acquisition in sport: research, theory and 

practice (3rd ed., pp. 269–286). Routledge. 

Coutinho, P., Mesquita, I., & Fonseca, A. M. (2016). Talent development in sport: A critical 

review of pathways to expert performance. International Journal of Sports Science & 

Coaching, 11(2), 279–293. https://doi.org/10.1177/1747954116637499 

Coutinho, P., Mesquita, I., Fonseca, A. M., & Côte, J. (2015). Expertise development in 

volleyball: The role of early sport activities and players’ age and height. Kinesiology, 

47(2), 215–225. 

Dalton, S. E. (1992). Overuse Injuries in Adolescent Athletes. Sports Medicine, 13(1), 58–70. 

https://doi.org/10.2165/00007256-199213010-00006 

Dex, S. (1995). The Reliability of Recall Data: a Literature Review. Bulletin of Sociological 

Methodology/Bulletin de Méthodologie Sociologique, 49(1), 58–89. 

https://doi.org/10.1177/075910639504900105 

DiFiori, J. P., Benjamin, H. J., Brenner, J. S., Gregory, A., Jayanthi, N., Landry, G. L., & 

Luke, A. (2014). Overuse injuries and burnout in youth sports: a position statement 

from the American Medical Society for Sports Medicine. British Journal of Sports 

Medicine, 48(4), 287–288. https://doi.org/10.1136/bjsports-2013-093299 



EARLY DIVERSIFICATION IN TEAM SPORTS 

 

29 

Ericsson, K. A., Krampe, R. T., & Tesch-Römer, C. (1993). The role of deliberate practice in 

the acquisition of expert performance. Psychological Review, 100(3), 363–406. 

https://doi.org/10.1037/0033-295x.100.3.363 

Forrin, N. D., Huynh, A. C., Smith, A. C., Cyr, E. N., McLean, D. B., Siklos-Whillans, J., 

Risko, E. F., Smilek, D., & MacLeod, C. M. (2021). Attention spreads between 

students in a learning environment. Journal of Experimental Psychology: Applied, 

27(2), 276–291. https://doi.org/10.1037/xap0000341 

Fraser-Thomas, J. L., Côté, J., & Deakin, J. (2005). Youth sport programs: an avenue to foster 

positive youth development. Physical Education & Sport Pedagogy, 10(1), 19–40. 

https://doi.org/10.1080/1740898042000334890 

Güllich, A. (2016). International medallists’ and non-medallists’ developmental sport 

activities – a matched-pairs analysis. Journal of Sports Sciences, 35(23), 2281–2288. 

https://doi.org/10.1080/02640414.2016.1265662 

Güllich, A., Macnamara, B. N., & Hambrick, D. Z. (2021). What Makes a Champion? Early 

Multidisciplinary Practice, Not Early Specialization, Predicts World-Class 

Performance. Perspectives on Psychological Science, 17(1), 6–29. 

https://doi.org/10.1177/1745691620974772 

Hodges, N. J., Kerr, T., Starkes, J. L., Weir, P. L., & Nananidou, A. (2004). Predicting 

Performance Times From Deliberate Practice Hours for Triathletes and Swimmers: 

What, When, and Where Is Practice Important? Journal of Experimental Psychology: 

Applied, 10(4), 219–237. https://doi.org/10.1037/1076-898x.10.4.219 

Law, M. P., Côté, J., & Ericsson, K. A. (2007). Characteristics of expert development in 

rhythmic gymnastics: A retrospective study. International Journal of Sport and 

Exercise Psychology, 5(1), 82–103. https://doi.org/10.1080/1612197x.2008.9671814 



EARLY DIVERSIFICATION IN TEAM SPORTS 

 

30 

Longo, A. F., Siffredi, C. R., Cardey, M. L., Aquilino, G. D., & Lentini, N. A. (2016). Age of 

peak performance in Olympic sports: A comparative research among disciplines. 

Journal of Human Sport and Exercise, 11(1). 

https://doi.org/10.14198/jhse.2016.111.03 

Millet, G. P., Candau, R. B., Barbier, B., Busso, T., Rouillon, J. D., & Chatard, J. C. (2002). 

Modelling the Transfers of Training Effects on Performance in Elite Triathletes. 

International Journal of Sports Medicine, 23(1), 55–63. https://doi.org/10.1055/s-

2002-19276 

Moesch, K., Elbe, A. M., Hauge, M. L. T., & Wikman, J. M. (2011). Late specialization: the 

key to success in centimeters, grams, or seconds (cgs) sports. Scandinavian Journal of 

Medicine & Science in Sports, 21(6), e282–e290. https://doi.org/10.1111/j.1600-

0838.2010.01280.x 

Newell, A., & Rosenbloom, P. S. (1981). Mechanisms of skill acquistion and the law of 

practice. In J. R. Anderson (Ed.), Cognitive Skills and Their Acquisition (pp. 1–55). 

Taylor & Francis. 

Portenga, S. T. (2019). Reflections on Talent Development in Sport. In P. Olszewski-

Kubilius, R. F. Subotnik, & F. C. Worrell (Eds.), The Psychology of High 

Performance (pp. 93–106). American Psychological Association. 

Rees, T., Hardy, L., Güllich, A., Abernethy, B., Côté, J., Woodman, T., Montgomery, H., 

Laing, S., & Warr, C. (2016). The Great British Medalists Project: A Review of 

Current Knowledge on the Development of the World’s Best Sporting Talent. Sports 

Medicine, 46(8), 1041–1058. https://doi.org/10.1007/s40279-016-0476-2 

Schmidt, R. A., & Wrisberg, C. A. (2000). Motor Learning and Performance. Human 

Kinetics. 



EARLY DIVERSIFICATION IN TEAM SPORTS 

 

31 

Starkes, J. L., Deakin, J. M., Allard, F., & Hodges, N. J. (1996). Deliberate practice in sports: 

What is it anyway? In A. K. Ericsson (Ed.), The Road To Excellence: The Acquisition 

of Expert Performance in the Arts and Sciences, Sports, and Games (1st ed., pp. 81–

106). Lawrence Erlbaum Associates. 

Thorndike, E. L. (1914). Educational psychology: Briefer course. New York: Columbia 

University Press. 

Vaeyens, R., Güllich, A., Warr, C. R., & Philippaerts, R. (2009). Talent identification and 

promotion programmes of Olympic athletes. Journal of Sports Sciences, 27(13), 

1367–1380. https://doi.org/10.1080/02640410903110974 

Ward, P., Hodges, N. J., Starkes, J. L., & Williams, M. A. (2007). The road to excellence: 

deliberate practice and the development of expertise. High Ability Studies, 18(2), 119–

153. https://doi.org/10.1080/13598130701709715 

Wilson-Hopwood, M. J., Baker, J., Macmahon, C., & Farrow, D. (2011). Organized sports, 

informal play, and the development of sport expertise: Reliability of retrospective 

recall. Journal of Sport & Excercise Psychology, 33. 

 

 

 

 

 

 


