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ABSTRACT

The aim of this study was (1) to examine the long-term effectiveness of the ‘Multimove for Kids’ 

program, a 30-week fundamental motor skill intervention (approximately 1 hour per week) for 

typically developing children between 3 and 8 years, and (2) to determine the influence of 

participation in organized sports on motor competence (MC) six years after the intervention.

Of the 992 children who took part in the ‘Multimove’ program, 399 (intervention group: N=228, 

control group: N=171) were tested again at 6-year follow-up. MC was measured with the Test of 

Gross Motor Development, 2nd Edition. To examine the long-term impact of ‘Multimove’ on MC 

and the effect of participation in organized sports a latent growth curve analysis was conducted. 

After the 30-week intervention, the intervention group outperformed the control group (=5.57, 

p<.001). However, when the entire study period, including the 6-year follow-up, was considered, 

the intervention group made less progress in MC than the control group (=-0.41, p<.05). Looking 

at the engagement in organized sports, it was found that years of experience before the 

intervention had no significant influence on the evolution of MC over time, whereas a positive 

effect was observed for children’s average sports participation (h/week) during the 6-year 

retention period (=0.14, p<.001). Finally, children practicing predominantly object control-

oriented sports during retention, obtained slightly better MC scores at follow-up (=0.01, p<.01). A
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The effect of the ‘Multimove’ intervention does not have a long-term effect on the development of  

MC. However, participation in organized sports has a positive influence on MC evolution over 

time.

Keywords: community-based intervention, long-term impact, motor competence, Multimove, 

organized sports participation 

1 Introduction

Motor competence (MC) represents the degree of proficient performance in various motor skills as 

well as its underlying mechanisms (e.g., motor control and coordination)1. MC is associated with a 

range of health-related outcomes and is considered important in developing an active lifestyle2–4. 

Apart from displaying positive relationships with physical activity (PA)5,6, MC is also associated 

with physical fitness2,7, psychosocial well-being8, cognitive skills9, and inversely related to weight 

status2,10 across childhood and adolescence. As a result, MC is considered an important 

prerequisite towards sports participation11, since it is a key factor in learning new motor skills and 

building the necessary proficiency for novel motor tasks.

In order to improve health-related outcomes in children, numerous MC intervention programs 

have been implemented12–14. One of those interventions was the policy-based ‘Multimove for 

Kids’ program, implemented in 2012 in Flanders (Belgium), which is a fundamental 

motor/movement skill (FMS) intervention for typically developing children between 3 and 8 

years. This 30-week program, consisting of weekly 1-hour sessions and focusing on 12 FMS 

themes, was found to significantly improve MC, both locomotor and object control skills13. 

The main aim of such programs is to counter the secular decline in MC and to have all children 

enjoy the lifelong benefits of an adequate MC level in the domains of physical activity, health, 

mental, and psychological well-being6,15. However, while most MC intervention studies provide 

evidence of short-term positive effects on MC,  there is a dearth of studies looking into long-term 

effects16. As an exception, Barnett and colleagues17 investigated the long-term impact of the 

“Move It, Groove It” intervention in primary school children by re-assessing children’s FMS six 

years later, which yielded mixed results. The intervention group scored better on catching, 

jumping, and galloping, whereas no differences were found in throwing and kicking when A
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compared to the control group. An important factor that may explain the discrepancy between 

findings is the child’s engagement in sports or other activities during the retention period, since 

Logan et al.5 provided strong evidence of positive associations between MC and physical activity. 

Previous studies already demonstrated that children practicing (a larger number of) organized 

sports or children being involved in more hours of organized sport per week displayed a more 

pronounced improvement in MC over developmental time18–20. In addition, Henrique et al.19 and 

Barnett et al.21 suggested that the effect of sports participation on long-term MC development may 

depend on the type of sports practiced in an organized context. Likewise, the biological constructs 

age and sex could also influence the development of MC. While previous research has already 

shown that girls have better scores on the balance tasks, no clear differences between both sexes 

were found on the locomotor tasks21,22. In addition, boys outperformed girls on object control-

oriented tasks13,21. When it comes to age, a positive relationship with MC has been 

demonstrated21–24. However, the effect of potentially important factors such as sex or age, has yet 

to be extensively studied to fully appreciate the long-term impact of MC interventions. 

To fill this gap, we studied the long-term effectiveness of a MC intervention while taking into 

account the potential influence of sex, age and organized sports participation. Therefore, the 

primary aim of the present study was to investigate the long-term effect of the 30-week 

‘Multimove’ intervention, measured after a retention period of six years. The second aim was to 

study to what extent sex, age, as well as aspects of participation in organized sports (i.e., the years 

of experience in organized sports at the start of the study, the average amount of hours on weekly 

basis during retention, the type of organized sports practiced during retention) are responsible for 

MC improvement over six years. 

2 Methods

2.1 Participants

The present study is a follow-up of the large-scale ‘Multimove’ project13, in which 992 children, 

between 3 and 8 years, took part. Of this sample, 523 children received a 30-week intervention in 

2012 (see procedures). The remaining 469 children did not receive any intervention and were 

classified as the control group. Follow-up data were then collected between August 2018 and A
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February 2019, approximately six years after the end of the intervention. Of the original 992 

participants, 399 participants were re-assessed. A total of 228 children were part of the 

intervention group (response rate 43.6%; 125 boys; mean age: 11.82±1.41 years) and 171 

belonged to the control group (response rate 36.5%; 91 boys; mean age: 10.79±1.17 years). 

Written informed consent to participate in the follow-up study was provided for each child by their 

parent(s) or legal guardian. The study protocol was approved by the Ethics Committee of Ghent 

University Hospital.

2.2 Procedures

In 2012, children in the intervention group received 30 weekly one hour exercise sessions focusing 

on FMS development. The ‘Multimove’ program provided a wide range of activities using six 

locomotor themes (i.e., running, climbing, swinging, gliding, rotating, jumping) and six object 

control themes (i.e., catching and throwing, pushing and pulling, lifting and carrying, hitting, 

kicking, dribbling) and has been described in detail elsewhere13. Briefly, the development and 

selection of the program content (i.e., developmentally appropriate activities for each skill theme) 

was based on motor development literature. During each session of approximately one hour, 

children of the intervention group practiced two or three FMS,  using appropriately selected 

activities. For instance, hitting can be performed in different ways (e.g. underhand, overhand), 

alone or in a group, with different tools (e.g. hand, racket, stick) and objects (e.g. balloon, beach 

ball, tennis ball), stationary or moving, in various setups (e.g. even-inclined, high-low), and with 

different targets (e.g. small-large, close-distant). Six years later, all participants of the original 

intervention and control group received an invitation to be part of the follow-up measurement. 

During each measurement point (i.e., before the intervention (pre), after the 30-week intervention 

(post), six years later (follow-up)), participants wore light sports clothing and were barefooted. 

Test administration was conducted by experienced examiners conducting the assessments using 

standardized instructions in accordance with the test manual. 

2.3 Measurements

Motor competence. The Test of Gross Motor Development, 2nd edition (TGMD-2) was used to 

evaluate MC. It is a process-oriented, validated, reliable, and norm-referenced test battery to 

assess actual MC in 3- to 10-year-old children25. The TGMD-2 shows an excellent test-retest 

reliability (r≥0.88) and inter-rater reliability (r>0.98) as well as good internal consistency A
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(Cronbach α=0.85 for locomotor subtests, 0.88 for object control subtests, 0.91 for the total score). 

Content, construct, and concurrent validity have also been documented25. The TGMD-2 includes 

six locomotor skills (i.e., run, gallop, hop, leap, horizontal jump, and slide) and six object control 

skills (i.e., striking a stationary ball, stationary dribble, kick, catch, overhand throw, and 

underhand roll). Children are given two trials per skill and for each trial the performance is 

compared against technical criteria (three to five per skill), each of which is rated as present (=1) 

or absent (=0). A total of 24 criteria is assessed for both locomotion and object control skills, 

resulting in a maximum score of 96 (24 criteria  2 trials  2 types of skills). The total raw sum × ×

score was used in the analysis.

Organized sports participation. General information about children’s participation in organized 

sports (i.e., average hours on a weekly basis and current type of sport) was obtained using sections 

of the Flemish Physical Activity Questionnaire (FPAQ)26, which is shown to be a reliable 

instrument (test-retest reliability coefficients ranging from 0.69 to 0.93) to assess different 

dimensions of usual physical activity. Children’s parent(s) or legal guardian completed a 

demographic questionnaire, including questions on their child’s present engagement in organized 

sports activities and his/her sports history during retention (i.e., years of experience in organized 

sports at the start of the study, average hours of participation in organized sports on weekly basis 

during retention, and types of organized sports practiced during retention). Regarding the average 

number of hours in organized sports participation on weekly basis during retention, three questions 

related to each year of life were answered (1. “Did your child participate in organized sports 

when he/she was X years old?”, 2. “Which organized sports did your child do when he / she was 2 

years old?”, 3. “As a X year old child, how many hours per week in total did your child practice 

these organized sports activities during a regular week?”), starting at the age of 2 years up to the 

current age of the child at the follow-up measurement (with a maximum of 14 years of age). When 

the answer to the first question was negative or when all three questions were completed for a 

certain age, the three questions were repeated for the child being one year older.

The child’s experience in organized sports at baseline was calculated by subtracting his/her 

starting age in organized sports participation (reported in the first question for each year of life of 

the child) from his/her calendar age at baseline. For example, a 6-year-old child who participated 

in organized sports starting at the age of four was considered to have two years of experience in 

organized sports at the start of the study. Since most sports clubs in Belgium follow the school A
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calendar (including terms and holiday breaks, starting in September and finishing in June) we 

decided to calculate this in the same way for all children. In addition, we verified the received 

information with the governing body overarching all Flemish sports federations, allowing us to 

check whether or not the children were actually enrolled in organized sports in the period of this 

research.

As suggested in the review of Hardesty and colleagues27, the opinion of experts should be used 

when using a new scale to determine face validity. Therefore, we used the opinion of 13 academic 

experts in the field of motor development (all with a master degree and / or PhD in movement 

science) to determine the type of sports in which the children of this study participated during 

retention. The experts were asked to classify these sports as follows: predominantly locomotor 

(score -1), mixed (score 0), predominantly object control (score +1). Reliability analysis was 

performed by using Fleiss' kappa28, which measures inter-rater agreement between the experts. 

Fleiss’ kappa showed moderate agreement between the experts (κ=.428 (95% CI, .428 to .429); 

p<.001). Based on the input of the experts, an averaged value between -1 and +1 was obtained for 

all reported sports (see supplementary material). For example, all experts agreed ‘running’ to be a 

predominantly locomotor-oriented sports with a value of ‘-1’, ‘Multimove’ to be a mixed sports 

with a value of ‘0’, and ‘golf’ to be a predominantly object control-oriented sports with a value of 

‘1’. Three experts considered ‘basketball’ to be a predominantly object control-oriented sports, 

while 10 other experts considered it as a mixed sport. This resulted in an averaged valued of 0.23 

on the continuous scale ‘-1 to +1’. Finally, an individual weighted mean value was calculated for 

each participant. This was based on the expert-based values of the different reported sports the 

child practiced each year during retention, using the following formula: weighted mean value = 

(mean (values of sports practiced in year 1) +…+ mean (values of sports practiced in year 6)/6).

2.4 Statistical Analysis

A series of latent growth curve models (LGCMs; see Figure 1) were conducted for overall MC, 

locomotor skills, and object control skills to examine the change in MC over time. LGCM is a 

statistical technique used to analyze longitudinal data, to estimate growth over a period of time. 

Using this statistical approach allows for the estimation of inter-individual variability in intra-

individual trajectories of change over time29. Effects of potentially confounding factors sex, age, A
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and intervention participation (intervention versus control) were considered in the analysis. 

Additionally, it was examined whether participation in organized sports (i.e., years of experience 

in organized sports measured at baseline, average hours of organized sports participation on 

weekly basis as well as type of sports practiced during retention) affected the slope. Finally, the 

effect on the slope of MC evolution was also examined specifically for the intervention 

participation at post-measurement (T2) (see Figure 1). Maximum likelihood estimation was used 

for the LGCMs and significance level was set at p<.05.

A series of LGCMs were conducted. First, an intercept-only model with the intercept mean and 

residual variance constrained across time points was run (Model 1). In Model 2, the intercept 

variance was estimated. Next, the slope mean, and variance were included in Model 3 to estimate 

change in MC over time. In Model 4, sex and age were added to the model as covariates. Sex was 

inserted as a dummy variable (i.e., 0=boy, 1=girl), whereas mean-centered age (years) was 

inserted as a continuous variable. In Model 5, we included group as a dummy variable (i.e., 

0=control group, 1=intervention group) and the effect of the intervention on the MC level at 30 

weeks (i.e., post-intervention). In Model 6, participation in organized sports was included. We 

entered the experience in organized sports (years) as a continuous variable centered around the 

start of baseline assessment. Organized sports participation (mean hours/week) and type of sports 

(expert-based value) were included as continuous variables to examine their influence on change 

in MC. Finally, a model with all significant effects was run (Model 7). All latent growth curve 

analyses (LGCA) were conducted in R version 3.5.2 using the lavaan package30.

3 Results

Table 1 presents the means and standard deviations of levels of MC (total raw scores on the 

TGMD-2) at each time point for the original intervention and control group separately as well as 

for the total sample. The children aged from 3-8 years at baseline to 9-14 years at follow-up (mean 

age at follow-up: 11.3 years ± 1.33). Their MC generally increased over time, which is also 

visualized in Figure 2A (the intervention group) and Figure 2B (the control group). Both figures 

show the variability in individual change of MC visualized by the thin lines, representing the 

individual trajectories of MC across six years. The results of the LGCA, based on the TGMD-2 A
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total raw score, are reported in Table 2.  The LGCMs with random intercepts and slopes 

demonstrated an average to good model fit31 (RMSEA≤.099; SRMR≤.036; CFI≥.961). The 

analyses showed a positive linear evolution in TGMD-2 score over time (=3.88, p<.001) with 

significant inter-individual variance (p<.001). 

Girls had a lower TGMD-2 score at baseline (=-4.06, p<.001). However, the improvement over 

time was not different for boys and girls. Older children had a significantly higher TGMD-2 score 

at baseline (=8.41, p<.001) and demonstrated less change in TGMD-2 score over time (=-1.11, 

p<.001). 

At baseline, no significant difference existed between the intervention and control group. After the 

30-week intervention, the intervention group outperformed the control group (=5.57, p<.001). 

However, the intervention group made less progress in MC than the control group across the entire 

study period, including the 6-year follow-up (=-0.41, p<.05).

With respect to participation in organized sports, the LGCA showed that the years of experience in 

organized sports at baseline was associated with a higher TGMD-2 score at baseline (=0.57, 

p<.001), but had no influence on the evolution of MC. Organized sports participation (mean 

hours/week) during retention was positively related to change in TGMD-2 score over time 

(=0.14, p<.001). With respect to type of sports, children predominantly practicing object control-

oriented sports during retention showed a better evolution in MC (=0.01, p<.01). The fit indices 

indicated that Model 5 seems to be the best model, showing that the organized sports variables are 

of no large influence when fitting the best model for change in MC over time. 

Additional analyses for the raw locomotion scores and raw object control scores are presented in 

Table 3 and Table 4, respectively. The results of these additional analyses were generally in line 

with the abovementioned findings for the total test battery, described in Table 2.

4 Discussion

The purpose of this study was to investigate the long-term effect of the ‘Multimove’ program, six 

years after the intervention. In addition, the effect of sex, age, and the impact of participation in A
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organized sports (i.e., years of experience in organized sports at baseline, organized sports 

participation (mean hours/week) during retention and type of sports (expert-based value) during 

retention) on MC evolution was examined. 

A significant positive average change in MC over time was found, which is consistent with 

previous research23,24,32,33. In addition, significant variability in change in MC among individuals 

was established, similarly to the findings of Coppens et al.33 and Rodrigues et al.34. This variability 

in the rate of change across the current sample is also visible in Figure 2A and 2B. The results 

show that the intervention group demonstrated higher levels of MC at post-measurement 

compared to the control group, which is in line with the findings of Bardid et al.13. Nonetheless, 

while there was an overall positive change in both groups during the retention period, the control 

group seemed to have caught up with their peers from the intervention group, indicating no long-

term ‘Multimove’ effect on MC. Previous studies of Barnett et al.17 and Zask et al.35 have found 

mixed results with regard to the long-term effects of interventions on MC. For instance, Zask et 

al.35 found differences in object control skills between the intervention and control group three 

years after the intervention. However, no differences were found when it comes to locomotor 

skills. One explanation for not finding a persistent effect of the Multimove program in this study 

may be the age difference between groups at baseline. Children in the control group were 

approximately one year younger than those in the intervention group at the time of follow-up, 

maybe providing them with a somewhat greater window of opportunity to level up their MC. 

However, after controlling for age, no significant difference between the intervention and control 

group at baseline was found. Another explanation might be that the 30-week intervention was not 

long or intensive enough to accomplish sustained effects. Since time spent in FMS practice is of 

great importance in improving MC16, further investigations are needed to determine the optimal 

characteristics of interventions for long-term success, including program duration and frequency. 

At baseline, boys outperformed girls on object control skills and overall MC, which is consistent 

with the findings in the systematic review of Barnett et al.21. No differences were found between 

boys and girls at baseline for locomotor skills. However, sex did not influence the change in MC 

over time, which is in agreement with the findings of Rodrigues et al.34. In fact, the role of sex on 

MC development seems to be ambiguous as Dos Santos et al.32 and Coppens et al.33 found 

contrasting results. Both of these studies used the product-oriented Körperkoördinationstest für 

Kinder, which focuses on a different aspect of MC when compared to the process-oriented A
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TGMD-2 used in the current study. The wide variation of MC instruments often inhibits the 

comparison of results across studies4,36. In light of these contrasting findings, there is a need for 

more research into how sex relates differently to various aspects of MC (evolution) and how this 

might be moderated by factors such as organized sports participation. 

Older children had a higher level of MC at baseline. At the same time, our study results indicated 

that younger children show a more pronounced improvement of MC, which is consistent with 

previous findings of Coppens et al.33. Since the TGMD-2 is a criterion-referenced battery with a 

theoretical maximum total raw score, it is possible that the instrument encounters a ceiling effect, 

which limits the chance to identify changes in MC37, especially in older and more skilled 

children16,37. Indeed, the distribution of total raw scores on the TGMD-2 in our sample was 

slightly skewed to the left, with 79.2% of the participants scoring above P75 and 11.0% even 

above P90 at follow-up. It is important to note here that the age at follow up ranged between 9 and 

14 years, which implies that the majority of the group was older than the upper limit of the 

TGMD-2 (i.e. 10 years).

A second purpose of this study was to examine how participation in organized sports might 

influence the children’s individual trajectories of change in MC. Therefore, we investigated three 

outcomes in relation to organized sports participation in order to answer three related secondary 

research questions (i.e., years of experience in organized sports at baseline: Do the years of 

experience a child has in organized sports at baseline influence the subsequent development of 

MC, when looking at it six years later?, average amount of hours on a weekly basis: Do the 

children who spend more time participating in organized sports during retention have a better 

evolution in their MC development over the years?, type of organized sports: Does the type of 

sports practiced during retention has any influence on the MC development over time?).

The years of experience in organized sports at baseline did not influence the evolution in overall 

MC or object control. However, children with less years of experience in organized sports, showed 

a steeper evolution in locomotor skills. This might be due to a greater margin for improvement in 

children with less expertise, who would score lower at baseline. Children involved in more weekly 

hours of organized sports during retention, displayed a more pronounced MC improvement. These 

findings are in line with other longitudinal studies18–20, showing a positive association between 

MC and sports participation. This indicates that organized sports participation supports children in 

developing their motor skills, which is in agreement with the positive spiral of engagement as A
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suggested by Stodden and colleagues4. As noted by Henrique et al.19 and Barnett et al.38, the effect 

of sports participation on long-term MC development may depend on the type of sports. Indeed, 

our study showed that children practicing predominantly object control-oriented sports during 

retention, displayed a slightly better evolution in MC. It may be that predominantly object control-

oriented sports (e.g., football) provide more opportunities to develop both object control and 

locomotor skills compared to predominantly locomotor-oriented sports (e.g., running). However,  

while this is in line with previous studies that demonstrated an advantage of object control skill 

over locomotor skill development in childhood due to continued and more varied participation in 

sports and games39,40, the effect in the present study was only marginal. Furthermore, when the 

progress in locomotion and object control was considered separately, the effect of the type of 

sports practiced during retention was negligible, given the very small coefficient value. It is clear 

that organized sports participation benefits MC development but more research is needed to 

understand what type of organized sports participation influences MC development and to what 

extent. This will help further inform policy and practice. 

Strengths and limitations

Our longitudinal design with a retention period of six years and the use of LGCA are major 

strengths of the current study. In addition, to our knowledge, this is the first intervention study in 

the field of motor development research that studies the impact of three different outcomes in 

relation to organized sports participation. However, some limitations need to be addressed. First, 

since 40.2% of the original sample agreed to participate in the follow-up measurement, there is a 

chance of non-random failure in the data. In order to correct for any baseline differences, group 

was included in the model as a covariate for the intercept. Secondly, the TGMD-2 was used for the 

assessment of MC across time although the majority of children already fell outside the age range 

of the test during follow-up measurement. However, few MC instruments have been developed for 

use in both children and adolescents and many focus on child populations41. As noted by Hulteen 

et al.41, there is a need for further investigation into the use of existing instruments in adolescent 

populations. Third, we have used proxy-report for the outcomes of organized sports participation, 

which are subjective and prone to recall bias, especially with retrospective information requested 

on sports participation history. However, this is a first attempt to capture organized sports 

participation in a more detailed and systematic manner using specific questions on type and A
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frequency of participation across years. Nonetheless, more research is needed to further investigate 

this proxy-report and its psychometric properties.  

5 Perspectives

As current research mainly provides insight in the short-term effect of MC interventions, studies 

investigating the long-term impact are needed. Equally important is to gain more insight in the 

individual and environmental factors underlying children’s MC trajectories over time, especially 

in view of the secular decline in MC levels among youth24,42. More longitudinal evidence is 

needed to determine the optimal characteristics of effective interventions in order to expose 

children to positive sports experiences, allowing them to develop MC24, which is a key factor in 

improving the likelihood for long-term engagement in sports and other forms of physical 

activity43. While previous studies already indicated that the duration of effective intervention 

programs varied12,13, further investigations are needed to determine the optimal characteristics of a 

MC program (e.g., type of approach, amount of instruction time, frequency, duration) to be 

successful in maintaining its intervention effects in the long run. This can help us in order to 

provide guidelines for a more efficient design to facilitate an effective long-term impact of 

interventions like the ‘Multimove’ project. In addition, this will help to support positive health 

trajectories across childhood and adolescence3, and to inform decision making in policy and 

practice.
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Table 1. Descriptive statistics of age at follow-up, motor competence raw scores at each time point and participation in organized sports in 

both the intervention and control group, as well as in the total sample. 

    

  

Intervention group                  

(N = 228; 125 boys)  

Control group        

(N=171; 91 boys)  

Total Sample 

(N=399; 216 boys)

Age (years) at T3    

  
11.82 ± 1.41 

 
10.79 ± 1.17

 
11.3 ± 1.33

Motor competence at each time point      

TGMD-2TOTAL RAW SCORE at T1  60.38 ± 15.3  52.06 ± 14.7  56.81 ± 15.6

TGMD-2TOTAL RAW SCORE at T2  67.92 ± 14.9  56.17 ± 14.5  62.88 ± 15.8

TGMD-2TOTAL RAW SCORE at T3  82.76 ± 7.2  83.22 ± 6.8  82.96 ± 7.0

Participation in organized sports      

Experience in organized sport at baseline (years)  1.77 ± 1.88  1.45 ± 2.57  1.62 ± 2.23

Mean organized sports participation (hours/week)  3.05 ± 1.53  2.51 ± 1.48  2.83 ± 1.53 

Type of sports (-1 (locomotor) to +1 (object control))  .31 ± .42  .29 ± .43  .29 ± .42

TGMD-2: Test of Gross Motor Development - 2nd edition ; T1: Pre-intervention/Baseline, T2: Post-intervention, T3: Follow-up

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Table 2. Results of the latent growth curve analyses based on total raw score of the TGMD-2.         

 

Model 

1
 Model 2  Model 3  

Model 

4
 

Model 

5
 

Model 

6
 

Model 

7
 

Intercept mean 67.55 *** 67.55 *** 58.68 *** 62.50 *** 60.47 *** 55.51 *** 57.56 ***

Sex       -3.95 *** -3.82 *** -4.31 *** -4.06 ***

Age       9.19 *** 8.82 *** 8.13 *** 8.41 ***

Intervention participation         0.60 n.s. -1.03 n.s. -0.55 n.s.

Experience in organized sports (years)           0.93 *** 0.57 ***

Intercept variance   34.37 ** 216.05 *** 64.45 *** 67.20 *** 64.34 *** 64.98 ***

Residual variance 305.74  271.37  48.80  48.80  39.19  35.78  35.78  

Slope mean     3.72 *** 4.02 *** 4.48 *** 4.29 *** 3.88 ***

Sex       -0.04 n.s. -0.06 n.s. 0.02 n.s. -0.04 n.s.

Age       -1.16 *** -1.06 *** -1.05 *** -1.11 ***

Intervention participation         -0.76 *** -0.31 n.s. -0.41 *

Mean organized sports participation (hours/week)           0.15 *** 0.14 ***

Type of sports (locomotor-mixed-object control)           0.01 ** 0.01 **

Experience in organized sports (years)           -0.08 n.s.   

Time varying effects               

Intervention at post-measurement         5.56 *** 5.57 *** 5.57 ***

Slope variance     2.96 *** 0.52 * 0.76 *** 1.08 *** 1.09 ***

Covariance     -26.05 *** -7.13 *** -7.42 *** -8.39 *** -8.48 ***
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2 1446.04  1431.20  76.72  82.00  15.11  43.63  46.97  

df 7  6  3  5  5  10  11  

RMSEA 0.718  0.772  0.248  0.196  0.071  0.1  0.099  

SRMR 1.922  1.907  0.071  0.048  0.013  0.033  0.036  

CFI 0.000  0.000  0.865  0.920  0.990  0.964  0.961  

               

* p<.05; ** p<.01; *** p<.001; n.s.: not significant              

TGMD-2: Test of Gross Motor Development - 2nd edition

Table 3. Results of the latent growth curve analyses based on locomotion raw 

score.            

 

Model 

1
 

Model 

2
 

Model 

3
 

Model 

4
 

Model 

5
 

Model 

6
 

Model 

7
 

Intercept mean 36.58

**

* 36.58

**

* 32.68

**

* 30.33

**

* 29.14

**

*
26.12

**

*
26.12

**

*

Sex       0.99 n.s. 1.08 n.s. 0.80 n.s. 0.80 n.s.

Age       4.31

**

* 4.10

**

*
3.68

**

*
3.68

**

*

Intervention participation         0.61 n.s. -0.14 n.s. -0.14 n.s.

Experience in organized sports (years)           
0.52

**

*
0.52

**

*

Intercept variance   9.93 ** 55.71 ** 22.14 ** 22.54 ** 21.50 ** 21.50 **
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* * * * * *

Residual variance 74.63  64.70  19.11  19.11  16.80  16.68  16.68  

Slope mean     1.63

**

* 2.02

**

* 2.29

**

*
2.36

**

*
2.36

**

*

Sex       -0.18 * -0.20 * -0.15 n.s. -0.15 n.s.

Age       -0.59

**

* -0.54

**

*
-0.51

**

*
-0.51

**

*

Intervention participation         -0.26 ** -0.19 n.s. -0.19 n.s.

Mean organized sports participation (hours/week)           
0.07

**

*
0.07

**

*

Type of sports (locomotor-mixed-object control)           0.00 * 0.00 *

Experience in organized sports (years)           -0.06 * -0.06 *

Time varying effects               

Intervention at post-measurement         2.74

**

*
2.84

**

*
2.84

**

*

Slope variance     0.77

**

* 0.15 n.s. 0.19 *
0.24

**
0.24

**

Covariance     -7.33

**

* -2.75

**

* -2.76

**

*
-2.94

**

*
-2.94

**

*

2

1176.4

5  

1156.3

5  47.49  47.55  19.17  
45.14

 
45.14
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df 7  6  3  5  5  10  10  

RMSEA 0.642  0.688  0.191  0.145  0.084  0.102  0.102  

SRMR 1.965  1.956  0.062  0.042  0.030  0.04  0.04  

CFI 0.000  0.000  0.877  0.934  0.979  0.943  0.943  

               

* p<.05; ** p<.01; *** p<.001; n.s.: not significant               

Table 4. Results of the latent growth curve analyses based on object control raw score.           

 

Model 

1
 

Model 

2
 

Model 

3
 

Model 

4
 

Model 

5
 

Model 

6
 

Model 

7
 

Intercept mean 30.96 *** 30.96 *** 25.97 *** 32.26 *** 31.41 *** 29.47 *** 29.83 ***

Sex       -5.01 *** -4.95 *** -5.21 *** -5.16 ***

Age       4.87 *** 4.72 *** 4.44 *** 4.49 ***

Intervention participation         -0.03 n.s. -0.86 n.s. -0.78 n.s.

Experience in organized sports (years)           0.41 ** 0.35 ***

Intercept variance   13.11 *** 64.21 *** 18.14 *** 19.10 *** 18.36 *** 18.38 ***

Residual variance 102.82  89.72  22.80  22.80  20.27  19.16  19.16  

Slope mean     2.09 *** 1.98 *** 2.18 *** 1.90 *** 1.90 ***

Sex       0.16 n.s. 0.15 n.s. 0.18 n.s. 0.17 n.s.

Age       -0.58 *** -0.54 *** -0.54 *** -0.55 ***

Intervention participation         -0.14 n.s. -0.13 n.s. -0.15 n.s.
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Mean organized sports participation (hours/week)           0.09 *** 0.09 ***

Type of sports (locomotor-mixed-object control)           0.00 n.s.  

Experience in organized sports (years)           -0.02 n.s.  

Time varying effects               

Intervention at post-measurement         2.87 *** 2.84 *** 2.79 ***

Slope variance     0.67 *** 0.07 n.s. 0.14 n.s. 0.25 ** 0.25 **

Covariance     -6.83 *** -1.80 *** -1.92 *** -2.26 *** -2.25 ***

2

1161.3

0  

1142.9

5  54.27  61.33  22.58  
34.12

 
30.58

 

df 7  6  3  5  5  10  9  

RMSEA 0.640  0.687  0.206  0.167  0.094  0.084  0.084  

SRMR 1.226  1.203  0.088  0.060  0.029  0.03  0.032  

CFI 0.000  0.000  0.878  0.932  0.979  0.968  0.972  

               

* p<.05; ** p<.01; *** p<.001; n.s.: not significant               
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8 Figure legends

Figure 1. Representation of the latent growth curve models of motor competence measured at 

three time points (T1, T2 and T3) with baseline (T1) age, sex, intervention participation as well as 

experience in organized sports as time-invariant covariate. Mean weekly amount of sports 

participation and type of sports (in between T2 and T3) were included as time-varying covariates, 

potentially affecting the slope. The latent intercept is constant for any child across time points as 

indicated by the fixed values of 1 for the factor loadings. The latent slope represents a child’s 

motor competence trajectory with varying values (i.e., 0, 0.58 and 6.58) for the factor loadings 

representing the years in between the time points. The value starts at 0 to allow the mean intercept 

to be interpreted as the mean motor competence score at baseline (T1). 

 

Figure 2A. Individual trajectories in motor competence (MC) over time, measured at three time 

points (T1 = pre-intervention , T2 = post-intervention and T3 = follow-up), based on the TGMD-2 

total raw score for the intervention group. 

Figure 2B. Individual trajectories in motor competence (MC) over time, measured at three time 

points (T1 = pre-intervention , T2 = post-intervention and T3 = follow-up), based on the TGMD-2 

total raw score for the control group. 
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Table 2. Results of the latent growth curve analyses based on total raw score of the TGMD-2.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Intercept mean 67,55 *** 67,55 *** 58,68 *** 62,50 *** 60,47 *** 55,51 *** 57,56 ***
Sex -3,95 *** -3,82 *** -4,31 *** -4,06 ***

Age 9,19 *** 8,82 *** 8,13 *** 8,41 ***

Intervention participation 0,60 n.s. -1,03 n.s. -0,55 n.s.
Experience in organized sports (years) 0,93 *** 0,57 ***

Intercept variance 34,37 ** 216,05 *** 64,45 *** 67,20 *** 64,34 *** 64,98 ***
Residual variance 305,74 271,37 48,80 48,80 39,19 35,78 35,78
Slope mean 3,72 *** 4,02 *** 4,48 *** 4,29 *** 3,88 ***

Sex -0,04 n.s. -0,06 n.s. 0,02 n.s. -0,04 n.s.
Age -1,16 *** -1,06 *** -1,05 *** -1,11 ***

Intervention participation -0,76 *** -0,31 n.s. -0,41 *
Mean organized sports participation (hours/week) 0,15 *** 0,14 ***
Type of sports (locomotor-mixed-object control) 0,01 ** 0,01 **

Experience in organized sports (years) -0,08 n.s.
Time varying effects

Intervention at post-measurement 5,56 *** 5,57 *** 5,57 ***
Slope variance 2,96 *** 0,52 * 0,76 *** 1,08 *** 1,09 ***
Covariance -26,05 *** -7,13 *** -7,42 *** -8,39 *** -8,48 ***
c2 1446,04 1431,20 76,72 82,00 15,11 43,63 46,97
df 7 6 3 5 5 10 11
RMSEA 0,718 0,772 0,248 0,196 0,071 0,1 0,099
SRMR 1,922 1,907 0,071 0,048 0,013 0,033 0,036
CFI 0,000 0,000 0,865 0,920 0,990 0,964 0,961

* p <.05; ** p <.01; *** p <.001; n.s. : not significant

TGMD-2: Test of Gross Motor Development - 2nd edition
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Model 1 = Intercept only (fixed)  
Model 2 = Random intercept
Model 3 = Random slope
Model 4 = Random slope with sex, age as covariates
Model 5 = Model 4 + intervention participation as covariates

Model 6 = Model 5 + mean sport participation, type of sport and experience in organized sports
Model 7 = Significant effects of Model 6 only

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le



Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Intercept mean 36,58 *** 36,58 *** 32,68 *** 30,33 *** 29,14 *** 26,12 *** 26,12 ***
Sex 0,99 n.s. 1,08 n.s. 0,80 n.s. 0,80 n.s.

Age 4,31 *** 4,10 *** 3,68 *** 3,68 ***

Intervention participation 0,61 n.s. -0,14 n.s. -0,14 n.s.
Experience in organized sports (years) 0,52 *** 0,52 ***

Intercept variance 9,93 *** 55,71 *** 22,14 *** 22,54 *** 21,50 *** 21,50 ***
Residual variance 74,63 64,70 19,11 19,11 16,80 16,68 16,68
Slope mean 1,63 *** 2,02 *** 2,29 *** 2,36 *** 2,36 ***

Sex -0,18 * -0,20 * -0,15 n.s. -0,15 n.s.
Age -0,59 *** -0,54 *** -0,51 *** -0,51 ***

Intervention participation -0,26 ** -0,19 n.s. -0,19 n.s.
Mean organized sports participation (hours/week) 0,07 *** 0,07 ***
Type of sports (locomotor-mixed-object control) 0,00 * 0,00 *

Experience in organized sports (years) -0,06 * -0,06 *
Time varying effects

Intervention at post-measurement 2,74 *** 2,84 *** 2,84 ***
Slope variance 0,77 *** 0,15 n.s. 0,19 * 0,24 ** 0,24 **
Covariance -7,33 *** -2,75 *** -2,76 *** -2,94 *** -2,94 ***
c2 1176,45 1156,35 47,49 47,55 19,17 45,14 45,14
df 7 6 3 5 5 10 10
RMSEA 0,642 0,688 0,191 0,145 0,084 0,102 0,102
SRMR 1,965 1,956 0,062 0,042 0,030 0,04 0,04
CFI 0,000 0,000 0,877 0,934 0,979 0,943 0,943

* p<.05; ** p<.01; *** p<.001; n.s.: not significant

Table 3. Results of the latent growth curve analyses based on locomotion raw score.
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Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Intercept mean 30,96 *** 30,96 *** 25,97 *** 32,26 *** 31,41 *** 29,47 *** 29,83 ***
Sex -5,01 *** -4,95 *** -5,21 *** -5,16 ***

Age 4,87 *** 4,72 *** 4,44 *** 4,49 ***

Intervention participation -0,03 n.s. -0,86 n.s. -0,78 n.s.
Experience in organized sports (years) 0,41 ** 0,35 ***

Intercept variance 13,11 *** 64,21 *** 18,14 *** 19,10 *** 18,36 *** 18,38 ***
Residual variance 102,82 89,72 22,80 22,80 20,27 19,16 19,16
Slope mean 2,09 *** 1,98 *** 2,18 *** 1,90 *** 1,90 ***

Sex 0,16 n.s. 0,15 n.s. 0,18 n.s. 0,17 n.s.
Age -0,58 *** -0,54 *** -0,54 *** -0,55 ***

Intervention participation -0,14 n.s. -0,13 n.s. -0,15 n.s.
Mean organized sports participation (hours/week) 0,09 *** 0,09 ***
Type of sports (locomotor-mixed-object control) 0,00 n.s.

Experience in organized sports (years) -0,02 n.s.
Time varying effects

Intervention at post-measurement 2,87 *** 2,84 *** 2,79 ***
Slope variance 0,67 *** 0,07 n.s. 0,14 n.s. 0,25 ** 0,25 **
Covariance -6,83 *** -1,80 *** -1,92 *** -2,26 *** -2,25 ***
c2 1161,30 1142,95 54,27 61,33 22,58 34,12 30,58
df 7 6 3 5 5 10 9
RMSEA 0,640 0,687 0,206 0,167 0,094 0,084 0,084
SRMR 1,226 1,203 0,088 0,060 0,029 0,03 0,032
CFI 0,000 0,000 0,878 0,932 0,979 0,968 0,972

* p <.05; ** p <.01; *** p <.001; n.s. : not significant

Table 4. Results of the latent growth curve analyses based on object control raw score.
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