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 Abstract: 

It has been suggested in the motor learning literature that the ability to perform efficient 
midline crossing movements can contribute to skill acquisition requisite for successful physical 
activity and sport participation (Ayres, 1972; Surburg & Eason, 1999; Pedersen, Heath, & 
Surburg, 2007). The present study was conducted to determine if a single bout of deliberate 
laterality practice could facilitate the initiation of midline crossing movements in children 
between the ages of 8 and 11. Thirty children were randomly assigned to one of three treatment 
groups. Each group received one treatment, 30 minutes in duration, spaced between a pre- and 
post-assessment of upper extremity choice response time, which required the participant to 
perform goal-directed reaching movements to a contralateral stimulus across the midline, to the 
midline, or to an ipsilateral stimulus that did not require a midline crossing movement. Response 
time was divided into reaction time (RT) and movement time (MT), with RT being the dependent 
variable of interest. The first group performed contralateral ball-bouncing (CBB) exercises that 
only involved arm movements that crossed the midline of the body; the second group performed 
ipsilateral ball-bouncing (IBB) tasks that only required arm non- midline crossing movements; 
and the control group played the Nintendo DS. Children in the CBB group became significantly 
faster at contralateral RT during the post-test, whereas the other two groups made no 
improvements in midline crossing RT. In fact, the control group became significantly slower at 
midline crossing movements after the 30 minutes of video game play. Even after a short bout of 
deliberate laterality practice children that practiced contralateral movements significantly 
improved their ability to initiate complex, midline crossing movements; whereas the children that 
did not practice midline crossing movements did not exhibit any improvement in midline 
crossing behaviour. Physical education teachers can utilise this developmental-appropriate 
approach when designing games and activities for children who could benefit from laterality 
practice. In turn, this development may facilitate a child’s potential to successfully participate in 
physical activity or sport.  
 
Introduction 
 
It is a primary responsibility for physical education (PE) teachers to teach children how to 
develop age-appropriate motor skills. Children who learn these skills in a timely fashion are 
more likely to be successful during sport and game play, which may increase the likelihood that 
they will develop a lifelong interest in physical activity (Olds et al., 2004). Contrary to this, 
children who do not receive suitable PE instruction are less likely to take an interest in lifelong 
physical activity pursuits and may become at risk of health and wellbeing related issues later in 
life (CDCP, 1997). Therefore the PE teacher has a pivotal role in influencing the health and 
wellbeing outcomes of his/her students. This suggests that it is the responsibility of the physical 
educator to be aware of the developmental nature of motor skill attainment in all students.  
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One way to benchmark the developmental progress of children is to assess their ability to 
achieve motor milestones. An example of a developmental motor milestone that PE teachers 
may observe in children is the ability to efficiently perform midline crossing movements with the 
arms and legs during game play. The ability to cross the midline of the body is an integral facet 
of many activities in both sport and everyday life. This capacity to incorporate midline crossing 
movements into sport and game play may provide developing children with a larger repertoire of 
movement choices possibly allowing them to achieve greater success. Kephart (1971) proposed 
that the ability to perform contralateral arm movements, or movements that cross the midline of 
the body, is more complex than the initiation of ipsilateral reaching movements that do not 
involve midline crossing. Therefore, he suggested that contralateral movements will only be 
instigated by children after simpler ipsilateral movements have been mastered, implying this 
ability is a developmental phenomenon. Motor control theorists have suggested that midline 
crossing movements are more complex because they involve neural processing by both 
cerebral hemispheres, whereas simpler ipsilateral movements can be processed within one 
hemisphere (Marzi, Bisiacchi, & Nicoletti,1991). Several studies on children have provided 
empirical data to support this proposition (Ayres, 1972; Cermack, Quintero, & Cohen, 1980; 
Stilwell, 1981; 1987; Wapner & Cirillo, 1968). However, the validity of these midline crossing 
assessments has been questioned due to a lack of temporal constraints on the participants 
(Schofield, 1976). Using a simple reaction time (RT) assessment Brizzolara, Ferretti, Brovedani, 
Casalini, and Sbrana (1994) suggested that by the time children reach puberty the corpus 
callosum is fully myelinated and therefore these children should be able to integrate 
contralateral reaching into their movement repertoire. Eason and Surburg (1993) suggested that 
employing information processing theory with a choice response time apparatus, midline 
crossing behaviour could be indexed in children as a function of choice RT speed. This method 
of assessing midline crossing behaviour in a corpus of 8- to11-year-old children was utilised in 
the present study. 
 
Besides investigations into the developmental nature of midline crossing behaviour, knowledge 
about this important motor skill attribute is relatively unknown. This poses a problem for PE 
teachers expected to design developmentally appropriate curricula for their students. It would be 
beneficial for PE teachers to have knowledge of when children are able to successfully perform 
midline crossing movements. If midline crossing behaviour in developing children can be 
facilitated by practice then this could be of value to PE teachers when designing games and 
lessons. It is well documented that information processing, as measured by RT, can be 
improved in children with deliberate practice (Elliott, 1972; Hale, Fry, & Jessie, 1993; Kail, 
1991); however, it has yet to be established whether improvements in processing speed can be 
specifically trained as a function of laterality. Thus, it is unknown if contralateral RT can be 
reduced by deliberately practicing contralateral movements. To test this hypothesis the current 
training study was designed using tenants of Ericsson, Krampe, & Tesch-Romer’s (1993) theory 
of the effect of deliberate practice on expert performance, and the specificity of training principle 
commonly discussed in the exercise science literature (Reilly, Morris, & Whyte, 2009). The 
purpose of this investigation was to determine if midline crossing arm movements can be 
initiated quicker as a result of deliberate laterality practice in a corpus of children between the 
ages of 8 and 11, and to see if the attainment of this motor milestone can be realised by 
children in this age range using a temporally constrained RT assessment.  
 
 
Method 
 
Participants 
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Thirty children (boys = 16, girls =14), between the ages of 8 years 0 months and 11 years 11 
months, were randomly selected from several Tasmanian communities by means of flyer, 
newspaper, and webpage advertisements. All children were pre-screened by phone interview 
with their parent/guardian and found to have no developmental, physical, sensory, or cognitive 
disabilities. Each child and parent/guardian provided informed consent as regulated by the 
university’s human research ethics committee. All of the participants were right-handed 
according to Bryden’s (1977) shortened five-item version of the Oldfield handedness 
questionnaire. Only right handed children were selected because it has been suggested the left 
handed individuals have increased efficiency of between hemispheric interactions (Cherbuin & 
Brinkman, 2006). Once inclusion criteria were met and consent was received, participants were 
divided into two age groups: 8-9 year olds and 10-11 year olds. They were then randomly 
assigned without replacement to one of three treatment groups. The first two experimental 
groups performed either contralateral or ipsilateral ball bouncing games, and the third control 
group played the Nintendo DS in which the children did not perform any lateral arm movements. 
Participants were tested and trained on an individual basis in an isolated room with adequate 
lighting. 
 
Assessment 
 
Before and after the 30-minute treatment (experimental and control) all children were assessed 
on a custom made upper-extremity, three-choice response time apparatus (figure 1) which 
required the participant to perform goal-directed arm movements to either a contralateral 
stimulus across the midline, a midline stimulus, or an ipsilateral stimulus that did not require a 
midline crossing arm movement. The response time apparatus allowed movement processing, 
or RT (time from presentation of stimulus light to release of pressure from the start pad), to be 
separated from movement execution, or MT (time from release of pressure from the start pad 
until contact with the target pad). The primary dependent variable in this investigation was RT 
which was used to determine if the processing speed of directional arm movements can be 
facilitated by teaching children lateral ball bouncing manoeuvres. Movement time scores were 
provided to the participant after each trial to serve as a motivation tool to encourage the 
participant to perform each trial as fast as possible.  
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Figure 1 Choice Response Time Apparatus 

 
 
 
To perform the task the participant was asked to depress a releasable microswitch (i.e., start 
pad) located 12 cm from the front edge of the apparatus. The three target pads, each defined by 
a 5 cm diameter plastic target and red light-emitting diode (LED), required 30.6 cm of upper-limb 
displacement from the start pad in three separate directions (i.e., contralateral, midline, 
ipsilateral). To limit anticipation to the stimulus a randomly selected foreperiod, of either 1.5, 3.0, 
or 4.5 seconds, preceded the onset of the target stimulus LED. In addition, three catch trials 
were embedded within a block of empirical trials to invoke an uncertainty of occurrence. Once 
the randomly selected empirical target stimulus illuminated the participant was instructed to 
move his/her arm to the corresponding target pad as quickly as possible. When the catch trial 
stimulus illuminated the participant was instructed to not move from the start pad. This stimulus 
appeared 4.6 seconds after the auditory warning cue had been presented. For data collection a 
portable laptop computer interfaced through a standard parallel printer port captured the 
temporal measures associated with this task. Custom-built computer software generated 
randomized blocks of trials and stimulus presentations.  
 
During the pre-test each participant performed a total of 54 empirical trials of goal-directed 
aiming movements with the left and right arms. Within a trial block, the participant completed 
nine trials to each of the three target positions (i.e., contralateral, midline, and ipsilateral) 
presented in a pseudo-randomized fashion. Performance of the left and right arms was 
completed in separate trial blocks, with the extremity order counterbalanced across participants. 
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This same assessment was repeated after the 30-minute treatment during the post-test 
accumulating 108 upper extremity response time trials for each participant. An entire data 
collection session (including pre-test, treatment, and post-test) lasted approximately 90 minutes.  
 
Treatment 
 
In between pre and post upper extremity response time assessments each participant 
performed 30 minutes of treatment in one of three groups (n=10): contralateral ball bouncing 
(CBB) experimental group, ipsilateral ball bouncing (IBB) experimental group, and Nintendo DS 
control group. Children in the CBB group were exposed to deliberate practice involving two-
handed ball-bouncing exercises that only utilised contralateral arm movements in order to 
bounce and catch a ball that crossed the midline of the body. In other words, if the bounce was 
made with the right hand, then the catch was made with the left hand on the opposite side of the 
body in which the bouncing ball originated from. Children in the IBB group practiced two-handed 
ball-bouncing and catching games that involved only ipsilateral arm movements that did not 
require midline crossing. In other words, if the bounce was made with the right hand, then the 
catch was also made with the right hand on the same side of the body in which the bouncing 
ball originated from. Likewise, if the bounce was made with the left hand, the catch was made 
with the left hand on the ipsilateral side of the body. The children in the control group did not 
perform any arm movement exercise; instead they played a typical hand-held video game on 
the Nintendo DS while seated. Only bilateral thumb movements were elicited during this control 
treatment. 
 
All treatment sessions were lead by the primary investigator in an isolated room free of furniture, 
except for a chair that was made available to the control participants while they played the 
Nintendo DS. The balls used in the experimental treatments were high quality rubber balls (57 
mm in diameter; red, blue, green, and yellow in colour). Before treatment each participant was 
provided a five-minute instruction period to become familiar with the activities where correct 
body movements were demonstrated to ensure the participant would experience a level of 
success. The goal of the experimental treatments was to improve the lateral arm movement 
skills of the participant through deliberate practice. More specifically, the CBB group was 
deliberately taught to become more efficient at contralateral arm movements, whereas the IBB 
group was trained to improve purposeful ipsilateral movements. To accomplish these goals 
each training session was structured to introduce more complex ball games once the participant 
successfully accomplished the simpler tasks. For example, at first the participant would bounce 
one ball with their dominant hand and catch that ball with their dominant hand (IBB), or with their 
non dominant hand (CBB). Once this initial skill was successfully realised by the participant, 
he/she was then instructed to perform a slightly more difficult task. This progression was 
continued throughout the intervention as long as the participant was able to successfully 
complete the current task. Task difficulty was raised in several ways depending on the skill level 
and confidence of each individual. Examples of increased complexity included utilizing the non-
dominant hand to initiate the lateral movements, performing the lateral movements with two 
balls at the same time, bouncing the balls behind the individual’s back, or bouncing the balls off 
of a wall; whilst emphasising that all bounces cross the midline in the CBB group, or all bounces 
do not cross the midline in the IBB group. Several other strategies were utilised to increase the 
complexity of the games during the training session once the participant reached competency 
with the initial task and was deemed ready for the next challenge by the primary investigator. 
These tactics included having the participant: use his/her non-preferred hand; perform the 
stationary tasks while walking; bounce the ball off of a wall before catching; and play the games 
with a partner (the primary investigator), which increased the speed of the games. The primary 
investigator led each of the activities with a demonstration, and provided corrective skill 
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feedback to motivate the participant to be successful at the current game before moving on to a 
more complex game. The ball bouncing games for both experimental conditions were adapted 
from the Bal-A-Vis-X training program (Hubert, 2001). The general structure of the experimental 
treatment was to enable each child to practice through the games at their own pace, with each 
child progressing at different rates, and there always being a more challenging game to move 
onto once the current lateral skill was achieved.  
 
Data Analysis 
 
Originally, the dependent variable was scrutinised using a frequency distribution analysis for 
each participant within each block of trials to determine normality. Values that landed outside of 
the +/- 3 standard deviation range were declared outliers and were replaced with the median 
score of that particular trial block. These outlying scores represented lapses in attention, and 
would only confound attempts to measure information processing in children (Clarke & Zaidel, 
1989). Less than 2 % of all trials were found to represent outliers. Prior to inferential analyses, 
RT and MT scores were compared using a Pearson Product Moment Correlation to determine 
any relationships. The relationships between RT and MT for the three treatment groups across 
both tests and all directions were low. The correlation coefficients ranged from r = - 0.08 to r = 
0.23. The statistical independence of these two variables, further justified the strategy to 
inferentially test RT alone using an analysis of variance (ANOVA) procedure. Independent 
variables manipulated in this study included treatment group (contralateral exercise, ipsilateral 
exercise, control), age group (8-9 year olds, 10-11 year olds), gender (male/female), side of 
body (right, left), test (pre-test, post-test), and movement direction (contralateral, midline, 
ipsilateral). Reliability estimates using intraclass correlation coefficients were calculated for the 
dependent variable across each level of all independent variables. An initial analysis of variance 
was conducted to see if either the gender or side of the body independent variables should be 
included in the inferential design, however there were no significant differences between the 
right and left arms F(1,54) = 0.01, p > 0.05, and between boys and girls F(1,24) = 1.39, p > 
0.05. Therefore, a 3 (treatment group) X 2 (age group) X 2 (test) X 3 (direction) mixed design 
ANOVA with repeated measures on the last two factors was used to test for significant 
differences, with an alpha level set at 0.05. Only significant main effects and interactions were 
reported in the results section. Significant interactions were further examined using simple 
effects analyses. Post hoc comparisons were performed using paired sample t-tests (Seaman, 
Levin, & Serlin, 1991). Effect size values were reported using Cohen’s d 2 statistic to describe 
the meaningfulness of the findings by offering a standard of comparison for future related 
studies. 
 
 
 
Results 
 
Reliability 
 
The reliability coefficients for RT in the three treatment groups ranged between 0.89 and 0.96. 
This finding is in accordance with past investigations of reliability using this apparatus to assess 
RT in children (Woodard & Surburg, 1999; Pedersen et al., 2004).  
 
Inferential findings 
 
The mixed design ANOVA indicated a treatment group by test by direction interaction F(4, 48) = 
6.53, p < 0.05. The significant simple main effects are further detailed below and can be viewed 
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in table 1. The CBB group exhibited significantly faster contralateral RT, F(1, 54) = 16.45, p < 
0.05 with a small to moderate effect size of d 2 = 0.26, as a result of the experimental treatment. 
This finding was not apparent in the other two groups. In fact, the control group became 
significantly slower at contralateral RT, F(1, 54) = 10.06, p < 0.05 with a small effect size of d 2 = 
0.17, after 30 minutes of playing the Nintendo DS. After deliberate practice, the IBB group 
demonstrated significantly faster ipsilateral RT values, F(1, 54) = 7.66, p < 0.05 with a small 
effect size of d 2 = 0.14, and significantly faster midline RT values, F(1, 54) = 4.84, p < 0.05 with 
a small effect size of d 2 = 0.13; while the CBB demonstrated significantly slower ipsilateral RT, 
F(1, 54) = 7.24, p < 0.05 with a small effect size of d 2 = 0.18, in the post-test compared to the 
pre-test. 
 
Table 1. Reaction time means and standard deviations for treatment group as a function of test 
and direction  
 

   Pre-test Post-test 

Treatment / Direction Contra Mid Ipsi Contra Mid Ipsi 

CBB Group 507+/-144 488+/-137 472+/-119 474+/-112^ 474+/-128 494+/-121+ 

IBB Group 480+/-175 445+/-138 454+/-169 470+/-162 427+/-146^ 431+/-154^ 

Control Group 470+/-140 466+/-145 461+/-143 496+/-161+ 467+/-159 466+/-149 

 
Values are denoted in milliseconds 
^ denotes post-test value is significantly faster than the corresponding pre-test value 
+ denotes post-test value is significantly slower than the corresponding pre-test value 
 
A treatment group by age group by test significant interaction, F(2,24) =  4.83, p < 0.05 was also 
found. The older children (10-11 year olds) had significantly faster RTs, with large effect sizes 
ranging from d 2 = 0.92 – 0.95, compared to the younger children (8-9 year olds) for each 
treatment group’s pre-test and post-test (table 2).  
 
 
 
 
 
Table 2. Reaction time means and standard deviations for treatment group as a function of test 
and age group  
 

   Pre-test Post-test 

Treatment / Age  8-9 yo 10-11 yo 8-9 yo 10-11 yo 

Contralateral Exercise 585+/-135 425+/-89^ 552+/-120 433+/-94^ 

Ipsilateral Exercise 491+/-170 428+/-146^ 470+/-147 415+/-158^ 

Controls 547+/-146 384+/-78^ 582+/-147 370+/-71^ 

 
*Values are denoted in milliseconds 
^ denotes older age group value is significantly faster than the corresponding younger age 
group value 
 
In addition to these two significant interactions, main effects for age group F(1, 24) = 12.53, p < 
0.05 and direction F(2, 48) = 10.07, p < 0.05 were significant. Across all comparisons the older 
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children had significantly faster RT scores (mean = 411 +/- 113 ms) compared to the younger 
children (mean = 536 +/- 152 ms). In like manner, contralateral RT (mean = 483 +/- 151 ms) 
was significantly slower than midline RT (mean = 461 +/- 144 ms) and ipsilateral RT (mean = 
463 +/- 145 ms). 
 
Discussion 
 
Physical education teachers that are able to foster developmentally appropriate skills in their 
students can provide meaningful learning experiences through movement-based activities. As 
suggested in this paper one strategy to accomplish this goal is to teach children how to perform 
efficient lateral arm movements through ball-bouncing games. The findings of the present study 
indicated that even after a short bout (30 minutes) of deliberate practice children between the 
ages of 8 and 11 demonstrated performance improvements in processing lateral movements. 
More specifically, the children in the CBB group who only bounced and caught balls that 
crossed their body’s midline significantly improved their ability to initiate complex motor 
movements that involved crossing the midline of the body. In like manner the children in the IBB 
group, who only performed ipsilateral arm movements when bouncing and catching balls, 
became significantly faster at initiating ipsilateral and midline movements that did not involve 
midline crossing. These findings provide support that the specificity of training principle, 
common in the exercise science literature (Reilly, Morris, & Whyte, 2009), may extend to the 
field of motor learning. There were several more findings to further support this claim. First, the 
children in the control group who only played the Nintendo DS did not improve their RT from 
pre-test to post-test, in fact these children got significantly slower at contralateral RT. Second, 
the CBB group who did not practice ipsilateral arm movements performed significantly slower on 
ipsilateral RT during the post-test compared to the pre-test. Finally, the IBB group did not 
improve their contralateral RT from pre-test to post-test assumingly because they did not 
practice midline crossing movements. Collectively, these findings indicate that the performance 
improvements noted in this study cannot be simply attributed to test-retest effects, and therefore 
must have been caused by the deliberate practice specific to each experimental condition. To 
the knowledge of the authors, there have been no published studies specifically investigating 
the effects of deliberate practice on the processing speed of lateral movements in children. 
Nonetheless, the results of the present study support that the specificity of training principle may 
extend to the field of motor learning (Barnett, Ross, Schmidt, & Todd, 1973), and that deliberate 
practice can facilitate motor learning processes (Ericsson, Krampe, & Tesch-Romer, 1993). 
Based on these findings it appears that laterality movement training should be considered for 
inclusion in the PE delivery for all children.  
 
Effective PE teachers should have an understanding of motor learning concepts to adequately 
design their curriculum activities (Rukavina & Jeansonne, 2009). Motor skill learning may occur 
at many levels within the central nervous system, such as the stimulus identification, response 
selection or response programming stage (Schmidt & Wrisberg, 2008). A decrease in 
information processing speed at any one of these stages may facilitate movement initiation in 
children. For example, PE teachers that expose their students to bright coloured ball exercises, 
like we did in this study, may be able to reduce processing time during the stimulus identification 
stage. This can benefit students by helping them prepare appropriate motor responses for the 
desired outcomes. Likewise, the response selection and/or response programming stages may 
have been enhanced by several tactics used in our deliberate practice treatment. First, during 
treatment children practiced several versions of lateral (contralateral for the CBB group, and 
ipsilateral for the IBB group) ball bouncing and catching manoeuvres. This introduction of a 
variety of lateral movements may have had a fortuitous impact on the stimulus-response 
compatibility during the post assessment task. In addition, the complexity of the ball bouncing 
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games was gradually increased during the training session. Before each child was challenged 
with a more difficult ball bouncing game, mastery of a simpler task had to first be demonstrated. 
This foundation building strategy may have enabled children to make quicker decisions or 
program quicker responses during the more complex games. This progressive repetition may 
have had a positive effect on their post assessment RT. Finally, anticipatory skills were 
developed during the experimental treatment by having the child bounce and catch a ball 
repetitively. Successful anticipation is a requisite skill to accomplish any ball bouncing and 
catching task because of the time constraint that gravity places on the child to make the catch 
before the ball drops to the ground. The repetitive nature of this deliberate practice forced each 
child to prepare his/her lateral catching movement within a short period of time in order to be 
successful at the task, hence reinforcing his/her temporal ability. In summary, PE teachers may 
incorporate any or all of the above deliberate practice strategies that we employed in the design 
of our treatment, to improve the lateral movement processing of developing children in their 
classes. These types of practice strategies will allow children to learn developmentally 
appropriate skills which may enable them to experience greater success when participating in 
sport and physical activity. 
 
Physical education teachers will relish the finding that the control group demonstrated no 
improvements in information processing after playing the Nintendo DS. In fact, they exhibited 
significantly slower contralateral RT scores during the post-test. While playing the hand-held 
video game children were required to focus their visual attention towards their midline to view 
the screen and respond with their thumbs. Perhaps this midline focussed attention negated their 
lateral proficiency, which in turn caused them to be slower at processing lateral movements. 
The post-test RT scores for these children indicated similar midline RTs compared to the pre-
test, whereas their ipsilateral RTs were slower, and their contralateral RTs were significantly 
slower. This suggests that playing a hand-held video game held at the midline of the body may 
cause a deleterious effect on the processing of lateral arm movements, with a more serious 
effect on complex motor skills that involve crossing the midline of the body. Unfortunately, more 
and more children spend copious amounts of time playing hand-held video games like the 
Nintendo DS, instead of voluntarily participating in developmentally appropriate physical activity 
(Foley & Maddison, 2010). The findings from this study can be utilised by PE teachers to 
educate parents about the need to incorporate the lessons from the PE curriculum throughout 
their child’s day. The more time children engage in the deliberate practice of developmentally 
appropriate motor skills, and the less time they spend playing hand-held video-games may 
benefit their overall developmental movement abilities.  
 
When the dependent variable was deduced as a function of age, 10-11 year olds initiated 
movements significantly faster than their younger counterparts (8-9 year olds) across every 
treatment group and pre/post-test comparison. This supports previous investigations that have 
compared the processing speed of children of different ages (Kail, 1991; 1993; Brewer & Smith, 
1989). Despite this agreement, the age-related reductions in RT were not a function of 
directionality. The significant main effect for direction indicated that all children in this study 
exhibited midline crossing inhibition, which is contradictory to past research that purports older 
children should have fully integrated cross lateral movements by this age (Cermack, Quintero, & 
Cohen, 1980; Stilwell, 1981; 1987; Wapner & Cirillo, 1968). Physical education teachers that are 
aware of when children are developmentally ready to efficiently perform cross lateral 
movements can be better prepared to select appropriate activities to help foster these skills in 
children who need help with organizing these complex movements. There is a lack of 
agreement among developmental theorists in the literature concerning the age range of when 
normal developing children should be able to perform midline crossing movements as efficiently 
as movements made to the ipsilateral space. Perhaps the sensitivity of using choice RT to 
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assess midline crossing reaching movements should be further used to examine the attainment 
of this developmental phenomenon in children.  
 
Conclusions drawn from these research findings should be interpreted with caution due to 
research design limitations, such as a small sample size of children. Although the effect sizes 
for mean differences were only small to moderate, Speed and Andersen (2000) proposed that 
small effects may still indicate meaningful findings when interpreting the mean differences of 
physiological variables such as RT. Mean differences quantified in milliseconds could possibly 
be the difference in winning or losing an event. Because this research design only included a 
pre-test and a post-test and lacked a retention or transfer test, conclusions should be limited to 
performance improvements, and not to actual motor skill learning. From this single investigation 
it cannot be determined if performance improvements were simply the result of a warm-up or 
tuning in effect. Future research that utilises a larger sample, longer training interventions, and 
retention or transfer tests may be able to demonstrate that improvements in directional 
information processing speed can be trained and sustained with deliberate laterality practice.  
 
In conclusion, deliberate laterality practice had a significantly positive effect on the processing of 
lateral movements in the children sampled in this study. Of particular interest, children who 
practiced contralateral ball bouncing movements were able to attenuate midline crossing 
inhibition and initiate contralateral movements faster than ipsilateral movements. Considering 
that all children in this age range still demonstrated midline crossing inhibition, this has 
implications for the developmental programming selected by PE teachers who can help children 
achieve this motor milestone by including deliberate laterality practice into their lesson plans. 
This type of instruction may make a difference in the lives of young children who experience 
difficulties with motor skill acquisition. By preparing young children with developmentally 
appropriate motor skills, such as those that involve crossing the midline of the body, we may 
facilitate their developmental readiness to become successful in competitive sports that rely on 
efficient cross lateral processing speed such as football, soccer, basketball, hockey, tennis, or 
cricket.  
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