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Abstract  
 

The aim of this study was to investigate the effect of task and environment manipulation on the performance of selected 

basic motor skills. For this purpose, 30 children aged 4 to 6 years were selected using the available sampling method. 

First, the pre-test of over hand throwing was performed using the accuracy of throwing and kicking, and then the 

participants were randomly divided into 3 groups: manipulation of task restraints, environment constraints, and control. 

According to the research plan, the intervention groups performed the program for 6 weeks and two 60-minute sessions 

each week. The task constraint group practiced according to the task ecological analysis method, the environment 

constraint manipulation group practiced in the based on enrichment of the environment and the control group had no 

activity. After the last training session, a post-test was performed and the results were recorded. The data were analyzed 

with analysis of covariance test and Bonferroni was used for paired comparisons. The results showed that there was a 

significant difference between the remaining mean scores of kicking and over hand throwing of the subjects in terms of 

group membership (experimental and control groups) (P <0.05). Also, the results of Bonferroni post hoc test showed that 

the groups of manipulation of task constraints and performance environment had better than the control group in the 

studied skills, but the difference between the two groups was not statistically significant (P <0.05). The finding generally 

support and provide an insight into the idea of the effect of constraints manipulation on performance. Therefore, when 

teaching and working with children, manipulation of task constraints and environment can be used to improve the 

performance of children's fundamental movement skills.  

Keyword: Task constraints, Environmental constraints, Fundamental movement skills, Preschool children. 

Copyright © 2022 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
One of the most widespread underlying 

approaches is ecological theory. This view emphasizes 

a wide range of situations and conditions that an 

individual may encounter. These characteristics are 

influenced and changed by the environmental context of 

individuals. Dynamic systems theory is a branch of the 

ecological perspective. According to this theory, 

dynamic changes occur over time but are very 

individualized and are influenced by various factors 

such as affordances (Goodway, Ozmun, & Gallahue, 

2019). Instructional programs play an important role in 

the development of the child as environmental 

affordances (Haywood & Getchell, 2019). Educational 

programs appropriate to the development of children 

are one of the most important factors for the overall 

development of the child (Masters, van der Kamp, & 

Capio, 2013). One of the methods that can be used to 

formulate appropriate educational programs is the 

ecological task analysis. In this method, after 

identifying the main components of the task, the 

researcher, by examining the difficulty of the task, 

manipulates them according to individual constraints. 

For example, in kicking task, there are components such 

as the size of the ball, the weight of the ball, the 

distance to the goal, and the rules that by changing each 

of them, the examiner designs the task from easy to 
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difficult (Capio, Poolton, Sit, Eguia, & Masters, 2013; 

Goodway et al., 2019).  

 

Literature review shows few studies have 

examined the impact of theory-based interventions on 

basic motor skills. Also, the lack of a precise definition 

of basic motor skills, organized program and how to 

measure them are other limitations of theory-based 

research (Stodden et al., 2008). Given that motor 

development is a dynamic and nonlinear process, 

learning facilitation is possible by manipulating and 

changing the constraints of the individual, environment 

and task within the boundaries of goal-oriented 

behaviors, and this is in line of the nonlinear training 

approach to movement skills development. According 

to this approach for motor learning, there is no central 

controller (such as a coach) to determine how a 

behavior is performed (Tan, Chow, & Davids, 2012). 

Therefore, the nonlinear teaching method is a 

theoretical framework for educational principles that 

can be used to measure nonlinear changes in movement 

behavior and as a theoretical incentive for the instructor 

to use the manipulation of individual constraints to 

combine them effectively in designing interventions. 

This method gives educators the opportunity to use a 

variety of movement patterns to improve subjects' 

performance, taking into account individual differences 

and dynamic learning environments (Salehi, Sheikh, 

Hemayattalab, & Humaneyan, 2016; Timmerman, 

Farrow, & Savelsbergh, 2017).  

 

The non-linear learning approach seeks to 

integrate perception and practice by providing 

functional affordances to manipulate constraints for 

encourage the learner to discover different solutions 

that are more appropriate for them (CHANG & YU, 

2010). Certainly, the perceptions and experiences of 

each person are different from the other person. In this 

approach, we try to help the emergence of a unique 

pattern for each person and individual differences are 

considered in an educational framework commensurate 

with age and skill level. Accordingly, in the nonlinear 

approach of pedagogy, more emphasis is placed on the 

results of movement (Chow, Davids, Button, & 

Renshaw, 2015). In this regard, Bernstein (1964) 

showed that blacksmiths did not act in the same way in 

striking a hammer. Also, Mousavi et al. in a study 

examined the effect of nonlinear pedagogy on the 

effectiveness of movement and skill acquisition and 

reported that the nonlinear approach is effective in 

achieving the desired results by manipulating the 

constraints and providing affordances. (Mousavi, Yaali, 

Bahram, & Abbasi, 2020). In addition, Lee et al. (2014) 

used the constraints process to teach forehand tennis 

skill in both linear and nonlinear methods, showing that 

movement variability is not necessarily harmful and is 

required to acquire a new skill, although , The two 

groups had the same performance in achieving the task 

results (Lee, Chow, Komar, Tan, & Button, 2014). 

 

Although studies have reported the 

effectiveness of nonlinear instruction by manipulating 

task constraints, the studies have focused more on 

manipulating environmental constraints and have not 

paid attention to task constraints. In this regard, the 

studies of Andrieux et al. in examining the effect of 

increasing physical education activities on the 

development of manipulation skills (Andrieux, Boutin, 

& Thon, 2016), Fotrousi et al., in investigating the 

effect of mini-basketball practices on the development 

of children's movement skills and the amount of 

training that affects these skills. (Fotrousi, Bagherly, & 

Ghasemi, 2012), Betancourt et al. in the effect of 

physical and music education in the development of 

motor skills in children between six and eight year-olds 

in an inclusive environment (Betancourt & Hernandez, 

2012), manipulated all of them the environment 

constraint and showed the effectiveness of the 

environment in progress of movement skills. However, 

considering that development is a multidimensional 

process, should be noted to all aspects and constraints. 

Based on this, the present study is one of the few 

studies that investigate motor development by 

manipulating task constraints.  

 

Considering that throwing skills in children 

underlie the development of daily movements and 

organized sports activities that require instruction in a 

rich environment to complete, in this study, the skills of 

kicking and over hand throwing were used. These skills 

due to the high importance in daily life and complexity 

in terms of rhythm, hand-eye coordination and eye-foot 

coordination, respectively, should be further 

investigated. In addition, in most research on throwing 

skills instruction, practice skills have been a hand-

throwing task (Zarezadeh, Farokhi, & KAZEM, 2011). 

Therefore, in the present study, the fundamental 

movement skills of kicking to the target and over hand 

throwing (manipulation skills) were selected and only 

the effect of instruction programs on these two complex 

skills was investigated. Based studies in this field, so far 

there has been little research examining both skills in 

preschool children, and most research has been done on 

people with disabilities. Also, given that failure to 

develop and improve fundamental skills during the 

preschool years often leads to children failing to 

develop specialized motor and sports skills in the 

future, the aim of the present study was to investigate 

the effect of manipulation of task and environment 

constraints on the performance of selected basic motor 

skills.  

 

METHODOLOGY 
The present study was a quasi-experimental 

study with a pre-test-post-test design and was applied in 

terms of purpose. All participants were preschool 

children aged 4 to 6 years in Tehran city and country of 

Iran. Due to the large size of the population, available 

and purposeful sampling methods were used to select 

the sample. Subjects were first screened and finally 30 
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subject were selected as a sample in accordance with 

the research objectives and were randomly replaced in 

the groups. Entrance criteria included no 

musculoskeletal abnormalities, no other abnormalities, 

being right-handed and upright, and not participating in 

organized sports activities.  

 

To collect participants' initial information, a 

demographic questionnaire was used that included 

questions such as age, body health, eye health, amount 

and type of activity that children engage in throughout 

their lives. This questionnaire was completed by the 

parents and at the end, their satisfaction with their 

child's participation in this study was questioned. To 

evaluate the subjects, the test of kicking accuracy and 

accuracy of over hand throwing was used. In the 

kicking accuracy test, the ball was aimed at a point 7 

meters from the target, and participants were placed 

behind the line and hit the ball by running away and 

moving. The goal was to hit the soccer ball (200 g) so 

that the shot, if it hit the middle square of the goal, 

would bring 3 points, the other two squares with the 

same dimensions were aimed to the left and right. If the 

ball hits one of the left or right side areas of the goal, 

respectively, 2 and 1 points, and if the ball leaves the 

target area completely, the score was zero, so the scores 

vary between 0 to 3 was (0, 1, 2). The reliability of the 

foot impact test to measure accuracy in the study of 

Fallah Amini (2018) has been reported to be high. 

 

 
Figure 1: Accuracy of kicking test 

 

To measure the accuracy of throwing from 

above the shoulder, the modified test accuracy of 

throwing from above the shoulder of Shafizadeh et al., 

(2009) was used, which has the construct validity 

(Shahrzad, Bahram, Shafizade, & Safari, 2009). This 

tool has the ability to measure the accuracy of throwing 

children 3 to 7 years old. In this test, there is a target 

area with 10 concentric circles with a radius of 10 cm, 

which these circles with a radius of 10, 20, 30 ......... 90, 

100, respectively are used around the target as areas to 

assess the accuracy of the subjects. If the ball (100 g) 

hits the center of the target, a score of 10 is recorded for 

the subject, and if the ball hits other areas of the target, 

it will be recorded according to the score of that area. If 

the throw hits outside the circle, the subject will not get 

a point and a score of 0 will be recorded.  

 

 
Figure 2: Over hand throwing accuracy test 

 

The procedure of conducting the research was 

that after selecting the desired sample, the subjects were 

taught how to properly perform the skill and the type of 

points and errors by the experimenter, then, the subjects 

were tested to a pre-test of over hand throwing using the 

accuracy test of over hand throwing and kicking with 

the using the accuracy test of kicking. In this way, each 

subject performed 6 trials of the criterion skills and the 

average score of the individual was recorded. After the 

pre-test, the subjects were randomly divided into 3 

groups: manipulation of task constraints وmanipulation 

of environment constraints and control. Then, according 

to the program, the considered groups performed the 

program for 6 weeks and two 60-minute sessions each 

week. The task constraint manipulation group first 

practiced the main components of the task according to 

the method of ecological analysis of the task. These 

components were obtained from the analysis of task 

constraints considering the difficulty of the task and 

were simplified according to the age of the children. For 

example, in the task of over hand throwing, which has 

components such as ball size, ball weight, distance to 

the goal, etc., the researcher manipulated each of these 

components to design the task of throwing from easy to 

difficult. To facilitate learning conditions, manipulation 

of task constraints such as instructions, rules, and tools 

(such as rockets, balls, and ground size) was used to 

encourage participants to develop a variety of 

movement solutions. The group of manipulating the 

constraints of the environment also practiced in the 

common and usual way. In this group, the environment 

was enriched using age-appropriate games. The control 

group had no activity. After the last session, a post-test 

similar to the pre-test was performed and the results 

were recorded. The intervened skills were kicking and 

over hand throwing, which are part of the 7 motor skills 

of the test of gross motor development-third edition 

(TGMD-3). To apply these skills, games such as 

throwing at the target, shooting at the target based on 

accuracy, were used in the interventions. The aim of 

designing these games was to improve the skills of over 

hand throwing and kicking in the participants. Each of 
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the games had three levels: simple, medium and hard, 

which were created by manipulating the components of 

task and environment constraints. 

 

In this study, descriptive and inferential 

statistics were used to analyze the data. Measures of 

central tendency and variability such as mean and 

standard deviation were used for descriptive statistics. 

Analysis of covariance and Bonferroni test is used to 

analyze the data and comparing the performance of 

participants in three groups in pre-test and post-test. 

Statistically significant level (p <0.05) was considered. 

 

FINDINGS 
Table 1 presents the mean and standard 

deviation of demographic characteristics of the subjects 

in three groups. According to the results of the table, it 

was found that the subjects are almost similar in terms 

of demographic characteristics. 

 

Table 1: Mean and standard deviation of demographic characteristics of the subjects 

Group Index Mean Standard deviation Number 

 

 

Environment 

Age (years) 5.30 0.744  

 

10 
Weight (kg) 18.16 1.12 

Height (cm) 107.83 1.35 

 

Task 

Age (years) 4.95 0.894  

10 Weight (kg) 17.98 2.36 

Height (cm) 109.20 2.89 

 

Control 

Age (years) 5.15 0.654  

10 Weight (kg) 18.43 1.36 

Height (cm) 109.12 3.14 

 

Table 2: Mean and standard deviation of kicking and over hand throwing scores of the three groups in the pre- 

and post-test stages 

Group Variable  Pre-test Post-test 

 ̅ SD  ̅ SD 

 

Environment 

Kicking 3.86 1.45 6.00 1.51 

Throwing 3.74 1.30 7.80 0.941 

 

Task 

Kicking 3.66 1.39 7.53 1.50 

Throwing 4.20 1.65 7.73 1.43 

 

Control 

Kicking 3.60 1.29 3.53 1.02 

Throwing 4.00 1.55 4.80 1.14 

 

Table 2 presents the mean and standard 

deviation of the kick and high throw scores of the 

subjects in the three groups in the pre- and post-test 

stages. As can be seen, according to the results, it is 

clear that the groups have progressed from pre-test to 

post-test. This improvement is evident from the 

comparison of the average performance of the groups in 

the post-test and the pre-test. A higher numerical value 

in the post-test than the pre-test in the study groups 

indicates better performance. 

 

Table 3: The results of covariance analysis of the three groups for kicking skill 

Variables df SS F MS P η
2
 

Pretest – posttest 1 18.727 11.50 18.727 
*
0.002 0.219

 

Group membership 2 119.22 36.62 59.61 
*
0.001 0.641

 

SS =Sum of squares, MS = Mean of squares, η
2
 = Effect size 

 

As shown in Table 2, the results of the analysis 

of covariance show there was a significant difference 

between the remaining mean scores of subjects' kicking 

in terms of group membership i.e. experimental and 

control groups (P <0.05). Given that group membership 

has become statistically significant. Therefore, it shows 

the effects of the intervention program. That is 

manipulation of environmental constraints and tasks has 

affected the performance of the fundamental movement 

skill of kicking. The rate of this effect was 64%. To 

determine the location of the existing differences and 

pairwise comparisons, the Bonferroni post hoc test was 

used. The results of this post hoc test showed that the 

difference between the group of environmental 

constraints and the control group and also the 

constraints of the task with the control group is 

statistically significant (P=0.001, P=0.001), and this 

difference was in benefit of the environment group and 

the task group so that these two groups had better 

performance in the criterion task. However, the 

difference between the group of environmental 

constraints and the group of task constraints is not 

statistically significant (P=0.123).  
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Table 4: The results of covariance analysis of the three groups for over hand throwing skill 

Variables df SS F MS P η
2
 

Pretest – posttest 1 39.65 22.51 39.65 
*
0.001 0.456

 

Group membership 2 91.56 41.80 45.78 
*
0.001 0.623

 

SS =Sum of squares, MS = Mean of squares, η
2
 = Effect size 

 

As shown in Table 2, the results of the analysis 

of covariance show there was a significant difference 

between the remaining mean scores of subjects' over 

hand throwing in terms of group membership i.e. 

experimental and control groups (P <0.05). Given that 

group membership has become statistically significant. 

Therefore, it indicates the effects of the intervention 

program. That is manipulation of environmental 

constraints and tasks has affected the performance of 

the fundamental movement skill of over hand throwing. 

The rate of this effect was 62%. To determine the 

location of the existing differences and pairwise 

comparisons, the Bonferroni post hoc test was used. 

The results of this post hoc test showed that the 

difference between the group of environmental 

constraints and the control group and also the 

constraints of the task with the control group is 

statistically significant (P=0.001, P=0.001), and this 

difference was in benefit of the environment group and 

the task group so that these two groups had better 

performance in the criterion task. However, the 

difference between the group of environmental 

constraints and the group of task constraints is not 

statistically significant (P=0.978).  

 

 
Figure 1: Scores comparison of the studied groups in kicking skill 

 

 
Figure 1: Scores comparison of the studied groups in over hand throwing skill 

 

DISCUSSION  
The aim of the present study was to investigate 

the aim of the present study was to investigate the effect 

of manipulating task and environment constraints on the 

performance of selected fundamental movement skills. 

The findings of this study for both kicking and over 

hand throwing skills showed that the difference 

between the group of environmental constraints and the 

control group and also the constraints of the task with 

the control group is statistically significant, and this 

difference was in benefit of the environment group and 

the task group so that these two groups had better 

performance in the criterion task. However, the 

difference between the group of environmental 

constraints and the group of task constraints is not 

statistically significant. That is, the use of interventions 

in the skills of kicking and over hand throwing caused 
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the development of both skills in children. These results 

are consistent with the results of the research of Komar 

et al., (Komar, Chow, Chollet, & Seifert, 2014), Chow 

et al., (Chow et al., 2015), Mousavi et al., (Mousavi et 

al., 2020), and Lee et al., (Lee et al., 2014) regarding 

the effect of interventions on the development of 

fundamental movement skills.  

 

Considering the fact that in a limited number 

of studies, play has been used in the use of 

interventions, it can be argued, the use of play-based 

interventions accelerates the development of children's 

basic motor skills and the pleasure of participating in 

the skill. As a result, it gives the child a better sense of 

participation in the activity, which in turn increases the 

child's effort. In this study, teaching the constraints of 

the environment and game-based task was used to 

design interventions to increase learning and enjoyment 

of practice. Clearly, creating opportunities for practice 

and play at age-sensitive periods will help children 

mastering the fundamental movement skills of 

manipulation lead to proper development. The 

preschool years are a good time to apply basic motor 

skills because basic motor skills are not mature and 

established at this age (Goodway et al., 2019).  

 

One of the features of the present study was 

filling the research gaps. In previous research, the type 

of task selected was not a theory-based game; for this 

reason, in the present study, the interventions were 

designed as games to have enough desire and 

motivation for children to participate. Also, in the 

present study, the games were designed based on the 

theoretical framework of ecological analysis and 

according to the principle of self-control and 

individualization. In fact, the difference between the 

intervention of the present study and the previous 

research is that in this study, children could play in an 

environment where games were free; could choose and 

play games that match their skill level. Also, in 

accordance with the results of previous research, it has 

been stated that in the application of motor 

interventions, due to the sensitivity of issues such as 

correct and appropriate feedback, individual 

differences, positive encouragement of children, 

tailoring programs according to children's age, fun 

educational environment and teaching method. And the 

coach's expertise was considered essential and these 

cases were also considered in the present study. 

 

As mentioned, the effectiveness of the task-

based instruction approach in improving over hand 

throwing and kicking skills of preschool children was 

significant. Although previous research has reported the 

emergence of different movement patterns among 

different individuals while achieving task results, but 

However, less research has been done by applying an 

educational approach and training intervention, taking 

into account the innate tendencies of individuals to form 

movement patterns as a component of complexity and 

achieving task results. Therefore, in the present study, it 

was assumed that the nonlinear approach based on task 

constraints is an effective way to take into account 

human complexity and achieve task objectives. 

According to the results of the present study, both 

instructional groups (task and environment) showed 

progress at the end of the training sessions, but neither 

of the two groups was superior to the other. This means 

that the homework constraint approach has been able to 

help the subjects to achieve effective results and 

towards the objectives of the task. Because performers 

were able to use different patterns to achieve the same 

performance results. The results of the present study are 

in line with the research of Lee et al., (Lee et al., 2014), 

Chow et al., (Chow et al., 2015). 

 

In the present study, the nonlinear education 

approach has been used and the findings indicate the 

effectiveness of this approach. The nonlinear approach 

of teaching by manipulating the constraints of the task 

such as instructions, rules of activity and equipment 

such as rockets, balls and the size of the ground, tries to 

unify perception and action by providing functional 

affordances to enable the learner discover the various 

motor solutions that are most appropriate (Valadi & 

Gabbard, 2020). Certainly, the perceptions and 

experiences of each person are different from the other 

person, which in this approach tries to help the 

emergence of a unique pattern for each person and 

individual differences are considered in an appropriate 

educational framework. Accordingly, in the nonlinear 

approach to instruction, the results of movement are 

emphasized more than the form of movement. In this 

regard, given that the practice program led to the 

improvement of the skills of kicking and over hand 

throwing in the children, it is possible to realize the 

importance of providing a variety of movement 

experiences appropriate for the overall development of 

each child. One of the important reasons for the effect 

of motor experiences and movement skills practice is 

having a purposeful practice opportunity (Goodway et 

al., 2019; Poolton, Masters, & Maxwell, 2007; Salehi, 

Tahmasebi, & Talebrokni, 2021). But training 

opportunities alone do not lead to the development of 

skillful movements in most children. Without a proper 

developmental plan, many children will never develop 

movement skills. One of the issues raised in educational 

programs in the development of motor skills is the 

quality of education provided to children. Variety of 

programs and motivation are quality factors of the 

educational program. The nature of the curriculum 

plays an important role in its effectiveness. Targeted 

movements and appropriate developmental practices 

related to fundamental skills, with increasing levels of 

motivation, variety of movements and enjoyment of 

physical activity, lead to the development of physical 

self-concept in children, which in turn leads to 

participation in organized sports activities in the future. 

There is a high correlation between levels of physical 

activity and the development of fundamental movement 
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skill in preschool children (Malina, Bouchard, & Bar-

Or, 2004). High levels of movement lead to increased 

motor fitness as a result of greater participation in 

sports activities. High levels of movement lead to 

increased motor capability as a result of greater 

participation in sports activities. 

 

In general, although traditional teaching 

methods emphasize the emergence of an ideal 

movement pattern, the results of this study show that 

the nonlinear approach has been able to provide a 

dynamic context for direct perception by emphasizing 

functional variability and be effective in achieving the 

goals of the task. The finding generally support and 

provide an insight into the idea of the effect of 

constraints manipulation on performance. Therefore, 

when teaching and working with children, manipulation 

of task constraints and environment can be used to 

improve the performance of children's fundamental 

movement skills. 
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