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Jamie Miller (1703135)
A review of outcomes associated with Motor Skill intervention in childhood

Introduction

This paper aims to conduct a review of outcomes associated with motor skill development in childhood, during this study childhood will be classified as children aged between ages 3 and 11. This study uses criteria created to select eligible studies to review. Search criteria highlighted the process used to find eligible studies, including search terms and databases used. Studies selected were all intervention studies working with children. Studies selected were studies carrying out interventions involving motor skill, these included a mixture of different approaches; approaches including interventions of motor skill, locomotor, object control, mastery climate, activity based, direct instruction, or a combination of these. From these studies the paper will aim to review results of these interventions, assessing key aspects to outline outcomes of these studies. Outcomes could possibly include discussing aspects such as motor development, motor skill, physical competence, and perceived physical competence. Aspects such as motor skill may even go into further depth to outline locomotor skill and object control skill. From discussing outcomes and comparing outcomes of different studies we could identify whether there were similarities in both the results and the approaches taken between studies. On top of discussing what the outcomes and approaches were we can discuss whether motor skill intervention influences aspects discussed, for example we could ask whether motor skill intervention has a positive influence on a child’s levels of physical competence, their perception of their own physical competence, or their development of motor skill. Another aspect for discussion could also possibly be the merits and limitations of these interventions and discuss how these limitations of research could possibly impact future study. This could include variables such as lengths of interventions, methods chosen and if they are comparable. The participants used are an element with lots of variables attached, studies include participants of different genders, ethnicities, socio-economic status, disabilities and family histories, this will also discuss how this multitude of variables could possibly be an effect of implementing motor skill interventions or the development of the practice. 

Review of Literature

Reviewing previous and current literature a situation can be recognised that outlines the current state affairs regarding aspects involved with childhood physical health, of which research has been conducted, attempting to further understand disturbing trends in health domains (Robinson et al, 2015). Okely et al (2004) stated ‘unhealthy weight gain’ as an issue in childhood health, they believed that interventions that focus towards acquisition of motor skill, particularly locomotor, could possibly be key against these trends. A meta-analysis performed by Logan et al (2012) supported this idea of motor skill intervention as possible strategy, believing it warrants further research into the effectiveness of motor skill intervention. However, Logan et al (2012) also saw challenge to this idea of interventions, adding research also needs to be conducted into the feasibility of educators implementing them. Much earlier thoughts on this issue were of Seedfeldt (1980) who talked about motor or physical competency through development of fundamental movement skills (FMS), they stated reason for the importance of development, giving an example that in childhood, basic competency in FMS is essential for a child to develop and move towards activities like sports or dance that require higher levels of competency. This is echoed by Goodway et al (2014) who believe “a child who cannot run and throw and catch with basic competency is unlikely to engage successfully in sports where these skills are needed”. Examples of fundamental movement skills often include basic stability, locomotor skills, or object control skills (Gallahue & Cleleand-Donelly (2003). Fundamental movement skills are considered as ‘building blocks’ that move a child’s development towards more difficult and sport-specific skills (Goodway & Branta, 2003; Haywood & Getchell, 2001; Payne & Isaacs, 2002; Seedfeldt, 1980). The importance of these interventions in childhood is emphasised by an agreement believing interventions involving motor development can be beneficial in lowering risk of problems later on, including those with developmental disorders (Kirk and Rhodes, 2011; Logan et al, 2012). Childhood is viewed in literature as an optimum period for development of various motor skills with an objective to establish good behaviours and movement skills during early years; furthermore these skills aim to lay a platform for a person to be capable of participating in further, more difficult physical activity when they come to their adolescent and adult stages of life (Robinson et al, 2015; Clarke, 1994; Clarke & Metcalfe, 2002; Robinson et al, 2012; Cliff et al, 2009; Logan et al, 2012; Gallahue, Ozmun & Goodway, 2012; Goodway et al, 2014). Although this stage is seen as critical, the current state doesn’t always reflect this with a global decline in childhood and adolescent levels of physical activity, believing this generation of children to be more overweight and less active than past generations (WHO, 2011a; WHO, 2011b; WHO 2011c). Childhood can be categorised as a stage between ages 2-13, however childhood can be further categorised into; early childhood (2–5 years), middle childhood (6–9 years) and late childhood (10–13 years) (Robinson et al, 2015). In the literature reviewed, motor skill interventions have used different approaches, however Haywood (1991) believed a general aim of motor skill intervention to be the development of motor skill and the promotion of a healthy and active lifestyle. In researched literature different studies used various terms involved around motor skill interventions. Robinson et al (2015) stated ‘motor competence’ as a “global term” that has been used in previous literature to branch over several other aspects describing “goal-directed human movement”, terms included motor proﬁciency, motor performance, fundamental movement/motor skill, motor ability, and motor coordination. Barnett et al (2016) reflected further on this variation of terms, they referenced Robinson et al (2015)’s term “goal-directed human movement” and the various terms surrounding it, they reflected on this to give their own branching term, “gross motor competence” for their own study. From this, studies researched also reflected this variation of terms used, commonly discussed aspects across the studies researched included motor development, motor skill, motor competence, physical competence, perceived physical competence and physical activity levels. 

Motor development has been defined by Clark & Whitall (1989) as changes over a person’s lifespan, of motor behaviours and the processes that contribute to these changes, Clark & Metcalfe (2002) created a metaphor for motor development, describing a ‘mountain of motor development’. In this metaphor they discussed building upon fundamental movement skills to reach the top of the mountain, a person reaching the top of this mountain would acquire competency in FMS to become active and physically skilful. The aim of climbing this mountain is to acquire a level of skills that give a person diversity in the skillset they can competently use and adaptively apply their repertoire of skills to more specific physical situations. While reviewing the literature the next term, motor skill, has been used interchangeably with fundamental movement skills, Robinson et al (2015) used fundamental movement skill in their study, giving examples of these that include, running, catching, throwing, hopping, balance, and striking. Also the term seems to be used interchangeably across literature with fundamental movement skills they appear to be used with the same objective to development competency that facilitates participation in more complex activity such as structured sport, however it could be examined as to whether this possibly creates an ambiguity when cross-referencing different studies. Stodden et al (2008) mentioned that fundamental motor skills consist of locomotor skills and object control skills. Haywood & Getchell (2005) gave their definition of locomotor skills as skills that are involved with moving the body through space and gave examples of these that included running, galloping, skipping, hopping, sliding, and leaping. Goodway et al (2014) agreed with Haywood & Getchell (2005) and gave similar if not the same examples of these skills, however they simplified the definition stating “in other words a child moves his/her body from one point to another” (Goodway et al, 2014). Gallahue & Cleland-Donelly (2003) add to the description of locomotor skills stating locomotor skills involve two or more body segments. The importance of locomotor skills isn’t lost across literature with authors believing its role as critical and singling out the early childhood stage for particular recognition (Robinson & Wadsworth, 2012; Cliff et al, 2009); Robinson et al (2015) explain this emphasis of the importance of locomotor skill to early childhood in particular stating locomotor skills tend to develop earlier than object control or manipulation skills. From this literature, the stated importance of fundamental movement/motor skills as “building blocks” (Gallahue, Ozmun & Goodway, 2012) to more difficult activity suggests the early mastery of basic locomotor movement skill as a critical platform that could influence a child’s future development; for example a hypothesis that could possibly be discussed could be that without the opportunity to start developing movement skills a child may find future difficulty executing other physical skills such as object control later in life. Object controls have been mentioned as developing later compared with locomotor skills, Robinson et al (2015) also mentions object control as manipulation skill. Object control skills are skills that include manipulating an object, such as a bat or a ball during movements such as throwing, catching, kicking, striking, rolling, or bouncing (Haywood & Getchell, 2005; Gallahue, Ozmun & Goodway, 2012). Robinson et (2015) believes that the question of object control skills developing later than locomotor skill warrants examination, as they believe that current assessment methods are limited in their ability to test object control skills. It could be suggested from literature that motor competence includes the mastery of these skills, this statement falls in line with current literature that believes motor competence as competency in gross motor skill, this can encompass, fundamental motor skills and coordinating motor skills or acts necessary to perform both specific sporting techniques and general everyday tasks (Barnett et al, 2016; Henderson & Sugden, 1992; Branta et al, 1984; Gallahue & Ozmun, 2006; Gallahue & Cleland-Donelly, 2003). The importance of motor competence has different aspects, Stodden et al (2008) believed that motor competence provides “a dynamic and synergistic role” that relates to factors involving physical activity, this included initiating physical activity, maintaining physical activity, and even decline in physical activity (Stodden et al, 2008). From this the importance of motor competence could be found in its relationship with physical activity. An example of this relationship is that motor competence in childhood effects adolescent levels of physical activity along with physical fitness (Barnett et al, 2009) while the opposite is also true as “children with low levels of gross motor competence tend to be less physically active and have lower levels of cardio-respiratory ﬁtness” (Hardy et al, 2012). This idea of a reciprocal relationship between motor competence and factors including fitness and physical activity is also further reinforced in literature (Stodden et al, 2008; Barnett et al, 2011). So far relationships branching from motor competence have been performance of skills, fitness levels, and levels of physical activity, however literature also leans towards a relationship between motor competence and a child’s perception of motor competence. There are those who use the term ‘actual competence’ when describing a relationship with perceived competence (Van Rossum & Vermeer, 1990; LeGear et al, 2012; Toftegaard-Stoeckel et al, 2010; Robinson, 2011). There are studies that have discussed a relationship between actual and perceived motor competence (Pless, 2001; Robinson et al, 2015), Research has taken place in this area across both childhood and adolescence (Robinson et al, 2015); a large amount of studies have focused towards children with motor difficulties (Gruber, 1986; Humphries et al, 1992; Polatajko, 1991; Ulrich, 1987; Van Rossum & Vermeer, 1990). Pless (2001) stated from their review of studies, that children with motor difficulties often showed perceptions that reflected this, this statement of association between the two aspects is reflected across different cultures (Robinson et al, 2015), these include Candian (LeGear et al, 2012), American (Robinson, 2011), and Danish (Toftegaard-Stoeckel et al, 2010) cultures. Pless (2001) discussed these positive associations to summarise that “when a child has achieved realistic self-perceived motor competence, an increase in actual motor competence is likely to result in an increase in self-perceived motor There are however, those who are also sceptical of the relationship between actual and perceived motor competence, believing it can difficult to assess the level of association (Robinson et al, 2015). This is because it is believed that assessments of the two different aspects can be difficult to closely align with each other when applied to specific skill domains (Barnett et al, 2015); Babic et al (2014) agrees with this difficulty as they believed this also applied when measuring self-concept. A Brazilian study cast ambiguity on whether a relationship is present between Actual and perceived motor competence as their study failed to find a relationship (Spessato et al, 2013), they cited a limitation that reinforced the earlier stated point from Barnett et al (2015), stating “the perceived motor tasks of Harter scale and motor tasks of the TGMD-2 are not closely linked” (Spessato et al, 2013). Physical activity has also been mentioned as a factor relating to perceived motor competence as levels of physical activity can affect perceived motor competence (Pless, 2001), however this can be viewed as a reciprocal relationship, Stodden et al (2008) summarised this stating “ a child’s perceptions of competence influence whether a child will maintain engagement in an activity”; Authors elaborated further on this by explaining perceived competence against the difficulty of a articular task would influence a child’s choice to participate in physical activity (Eccles & Harold, 1991; Eccles & Wigfield, 2002; Eccles, Wigfield, & Schiefele, 1998).

Reviewing different studies across the literature has shown different approaches used or reviewed within the context of motor skill interventions. Among approaches assessed have been mastery approach, direct instruction and child centred. A mastery approach aims to create a non-competitive learning environment during which students are given opportunity to receive instruction, in addition to instruction students are encouraged and given positive reinforcement, researchers believe this approach has the possibility to promote perceived competence and intrinsic motivation (Goodway et  al, 2014, Robinson et al 2009; Theeboom et al, 1995 Valentini & Rudisill, 2004). Other authors agreed with the association of a mastery approach and perceived competence (Harter, 1978, 1988; Harter & Connell, 1984). In a mastery climate, although the approach is systematically instructional it is very much student centred, the child’s autonomy is the primary emphasis where the approach is centred more towards the process than the outcome (Valentini & Rudishill, 2004). Barnett et al (2016) described a process-oriented approach, believing “instruments designed to assess motor competence via process-oriented assessments in young children have fewer and simpler assessment components than those designed for older children”. Logan et al (2012) stated mastery and child centred approaches were more experimental compared to a more traditional approach such as direct instruction. Miller et al (2007) viewed direct instruction from a pedagogical perspective, considering it best practice in a physical education setting to facilitate maximum student learning. Other authors saw benefits of a direct instruction approach when applied to developing fundamental movement skills (Goodway and Branta 2003; Hürmeriç-Altunsöz and Goodway 2015; Robinson and Goodway 2009; Valentini and Rudisill 2004). Bardid et al (2013) reviewed the effectiveness of different approaches and concluded that they found mastery approaches fared better than approaches that encouraged less autonomy and also that direct instruction was less effective than methods using a more activity-based approach, possible further review could possibly further examine whether their conclusion means that process-focused approaches fare better than approaches that are focused more towards an overall outcome. Merits of this question are reinforced by Logan et al’s (2012) statement, “researchers use a variety of motor assessments when measuring pre- to post-intervention changes in FMS competence. Assessments use either a product- or process-oriented approach to evaluate movement performance”. While reviewing studies it has been apparent when comparing that there are factors to consider when comparing or applying motor skill interventions. Barnett et al (2016) examined correlates relating to motor competence, they identified biological and demographic factors and related them to aspects including motor skill, both object control and locomotor. Factors they identified were gender, age, and adiposity (Barnett et al, 2016). Barnett’s (2016) findings could be interpreted as factors that would influence results of interventions, Logan et al (2012) identified characteristics of motor skill interventions that could also possibly be influences on results of motor skill interventions, they summarised from a research standpoint that types of approaches and minutes under instruction were also factors to consider. Logan et al (2012) stated their findings to be aimed as recommendation when shaping policies and curricular. Bardid et al (2013) believed a school setting is best for motor skill interventions, although they agreed with Logan et al (2012) that duration and types of approaches are factors, they also believed that more research towards this area is needed. Bardid’s (2013) findings of a school-setting being suited for motor skill interventions is reinforced by other studies obtaining positive results through a physical education setting, in which PE sessions were adapted for a group to be given weekly (Revie & Larkin, 1993; Rintala et al, 1998). When researching factors of the effectiveness of interventions there have also been debates about limitations of current interventions. While there is a common amount of studies where their intervention has been designed towards children with developmental delays or motor difficulties, there are less studies using typical students (Logan et al, 2012). Logan et al (2012) thought studies may be reluctant to use typically developing children believing in current literature to be a lack of these studies. Others have cited ambiguity across different studies due to varieties of approaches and assessments used, they believed this ambiguity was a barrier because it did not help to answer the main objective (Tan et al. 2001; Waelvelde et al. 2007; Stodden et al. 2008).

Literature states that motor skill interventions are important to promote fundamental motor skills, objectives of these interventions are often aimed towards assessing the effectiveness of interventions and the effects development of motor skills may have on motor development, motor competence, or levels of physical activity. From literature reviewed it can be argued that further research into motor skill intervention is warranted

Method

The objective of the study was to assess the outcomes that are associated with motor skill interventions. To carry this out a method to find eligible studies needed to be devised. To find studies that were eligible for inclusion considerations needed to be outlined to create a viable search method. These considerations included assessing key terms and deciding criteria for studies to be included.

The choice of databases used was based on availability and ease of access. The main databases that were used the most included the UWTSD online library catalogue, Sport Discus and Google Scholar. However, after searching databases reference lists of other applicable studies were also used. A key study in which their list of references was used was Logan et al’s (2012) “Getting the fundamentals of movement: a meta-analysis of the effectiveness of motor skill interventions in children”. These sources were chosen with the aim that studies observed would most likely be published studies from legitimate sources and likely to be peer-reviewed. Search terms/phrases considered were “motor”, “skill”, “intervention”, “childhood”, “programme”, “physical competence”, “motor competence”, “perceived physical competence”, “perceived motor competence” and “movement”. Terms were searched both individually and combined with the most common search being a combined search of “motor skill intervention” + “childhood”. A search criterion was decided upon after an initial process of observing literature. From early observation it became clearer the aspects involved across these types of studies, this was essential to gain an insight into how these types of study are structured. From this insight it became easier to create a criterion for inclusion. For a study to be included any type intervention involving motor skill was eligible, however it was decided an included study needed to have pre and post intervention testing. Studies were interventions involving fundamental movement/motor skill, this meant that there was no discrimination over the type of FMS used, meaning that a study could involve, locomotor skill, object control skill, or a combination of FMS. The age range of the study was a factor for inclusion so study’s needed to be working across the childhood stage (3-13), however there was no discrimination on stage of childhood, meaning that an included study could be using participants in the early, middle or later childhood phases. Regarding participants there was also no discrimination in the criterion between studies using typical participants or those with developmental of motor delays or difficulties. The use of a control group during a study was not deemed essential for inclusion in this review, however the amount of participants in a study was considered, meaning the number of participants would need to be large enough that a study is legitimate, however this was a very minor consideration due to most studies having already been peer-reviewed and therefore for this case already considered legitimate. The type of approach was also not deemed essential when deciding included studies, this meant that studies that used approaches such as, mastery, activity-based or direct instructional approaches could all be included. Regarding approaches, the criteria regarding the environment they approaches took place was also relaxed to include most types of environments, however a school physical education setting would be the most preferred. A date range also was not set for a study to be included, although if there were studies very similar to one another then the more recent study would be preferred. The number of studies to be included was also a factor for thought, for example it was believed there needed to be a number of studies large enough in order for a review to be considered legitimate, however it was also considered that the number of studies needed to be feasible to be reviewed with the time and resources that were present. 

From the process of selecting relevant and eligible studies to be included, eleven studies were chosen and summarised. In the summary of each study aspects listed were, the aims/objectives of the intervention, the types of skill the intervention was assessing, the types of tests and/or assessments they used, and outcomes of their study. Once these had been summarised for each study a process could begin that assessed similarities and differences across the eleven studies. This included aspects such as common approaches or assessments used, common results or if there were anomalies or odd results in comparison to other studies. From the findings the results were qualitatively assessed and stated narratively. 

Studies (listed alphabetically by author):

Apache. G (2005) - Activity-Based Intervention in Motor Skill Development

Deli.E, Bakle. L & Zachopoulou. E (2006) - Implementing intervention movement programs for kindergarten children

Barnett. L et al (2009) - Childhood Motor Skill Proficiency as a Predictor of Adolescent Physical Activity

Barnett. L et al (2015) - Associations between young children's perceived and actual ball skill competence and physical activity

Goodway. J & Branta. F (2003) – Influence of a motor skill intervention on fundamental movement skill development of disadvantaged preschool children

Goodway. J et al (2003) - Effects of Motor Skill Instruction on Fundamental Motor Skill Development

Hamilton. M et al (1999) – Parent-assisted instruction in a motor skill programme for at-risk preschool children

Ketcheson. L et al (2017) - The effects of an early motor skill intervention on motor skills, levels of physical activity, and socialization in young children with autism spectrum disorder: A pilot study

Taunton. S et al (2017) - Universally Designed Motor Skill Intervention for Children with and without Disabilities

Valentini. N & Rushill. M (2004)(a) - Motivational Climate, Motor-Skill Development, and Perceived Competence: Two Studies of Developmentally Delayed Kindergarten Children

Valentini. N & Rudishill. M (2004)(b) - Effectiveness of an Inclusive Mastery Climate Intervention on the Motor Skill Development of Children with and without Disabilities

For the purposes of this study Valentini & Rudishill’s (2004) studies will be referenced as a&b due to both studies taking place in the same year

Results

When qualitatively analysing the eleven studies mentioned. There were variables affecting the different outcomes. These variables included the types of approaches used, the amount of time given in their interventions, the participants involved, the assessments used. What was clear over the studies as a whole were the aims/focus of the interventions, the aims/focus of each study included at least one or more of, development of FMS (locomotor and/or object control, assessment of physical competence, assessment of perceived physical competence, or assessment of physical activity levels. It will be these aims where these results will be focused. Each study reported some form of positive improvement regarding fundamental movement/motor skill. A large amount of the studies would compartmentalise their findings further to refer to locomotor skill and object control skill. This was due to a common use of either Ulrich’s TGMD (1985) or TGMD2 (2000) assessment. The TGMD (test of gross motor development) assesses competency of fundamental motor skill, during the test participants are assessed across 12 different skills, these are split seven to five into locomotor and object control skills respectively (Ulrich, 1985). Locomotor skills consist of run, slide, skip, gallop, hop, horizontal jump, and leap, while object control skills consist of throw, catch, kick, strike, and bounce, to score the test participants would be assessed across two attempts with each skill having a performance criteria that is used to give an overall score (Ulrich, 1985). Apache (2005) cited five major uses of the method, citing “(a) identification and screening, (b) instructional programming, (c) assessment of an individual's progress, (d) program evaluation, and (e) as a research tool”. Goodway et al (2003) explained their use of the TGMD outlining its reliability stating it “provided a valid and reliable measure of fundamental motor skill performance for preschool-aged children”, while Valentini & Rudishill (2004) cited the test’s use of both quantitative and qualitative methods when explaining use in their method. Ketcheson et al (2017) would cite standardization in their method describing their use of Ulrich’s updated TGMD2 (2000) where a difference of this compared with Ulrich’s original seem to be additional skills assessed. These include running, galloping, hopping, hopping, leaping, horizontal jumping, and sliding for locomotor and (striking a stationary ball, stationary dribble, catching, kicking, overhand throw, and underhand roll for object control (Ulrich, 2000), the most obvious additions in the object control section (overhand throw and underhand roll) which could be perceived as balancing the ratio of object control to locomotor skills assessed. 

Assessing the effect of the interventions involved on general motor competence, of those who tested and recorded results pre-test and post-test the results were unanimously positive across the different studies with all reporting an increase in scores for either the TGMD or TGMD2 for their intervention groups. Most of the studies categorised their results into locomotor and object control, however Goodway & Branta (2003) did give results based on the individual skills of the TGMD. Goodway & Branta’s (2003) results showed substantial increases across all the twelve skills assessed in the TGMD. Running, bouncing, jumping, throwing and striking were the skills to show the most significant improvement between pre-test to post-test, with all those skills showing the intervention group with greater improvement of at least 50% compared to the control group. In comparison the control group would show only modest improvement. Taunton et al (2017) would use the TGMD2 in their assessment and also reported increase in general fundamental motor skill using a SKIP-UDL approach that factored both student’s with and without disability compared to a control group, in their findings it was shown that FMS improvement took place regardless of whether participants had or did not have a disability. Taunton et al (2017) included Goodway & Branta (2003) when stating their findings of improvements of FMS were consistent with previous studies. 

For locomotor skill there were six of the eleven studies confirming positive results of motor skill intervention against development of locomotor skill. All six of the studies showed improvement against a comparative control group (Apache, 2005; Goodway & Branta, 2003; Goodway et al, 2003; Ketcheson et al, 2017; Valentini & Rudishill, 2004(a); Valentini & Rudishill, 2004(b)), with two of those describing significant improvement (Apache, 2005; Goodway et al, 2003). Goodway & Branta’s (2003) findings showed their control group remained stagnant showing the same scores post-test as they had pre-test while their motor skill intervention (MSI) group showed an improvement In their scoring system from 15% to 80%, the stagnant results of their control group meant they were at 26% in comparison meaning that their intervention had also managed to overcome pre-test disadvantages. Apache’s (2005) findings showed improvement in locomotor skill as a result of their intervention but used their results to identify an activity-based approach as a better approach than direct instruction. Goodway et al (2003) was similar to Goodway & Branta (2003) In that their intervention also reflected improvement compared to a stagnant control group, they would use percentile ranks to outline these differences with the control group only experiencing modest change from 70 to 8, but the intervention group, in this case using a SKIP approach, rising from 7 to 50. Ketcheson et al (2017) reported raw scores from the TGMD2, showing a similar pattern to Goodway & Branta (2003) that their intervention group also showed differences in scores of at least 50% when compared to the control group, these scores were reflecting the improvements between pre-testing and post-testing. Ketcheson et al (2017) dissected their results further to include readings during their intervention in addition to pre-test and post-test, they recorded readings during weeks two, four and six of their eight-week intervention, which showed that their intervention was most effective during the first four weeks, and yielded less significant results in the latter four weeks. Valentini & Rudishill (2004)(a) reported significant increases between pre-test to post-test, however they would use a mastery/high autonomy group compared with a low autonomy group assessing the merits of the different approaches, their findings showed that although there were improvements across both groups approaches, the mastery climate approach fared significantly better. Valentini & Rudishill (2004)(b) would compartmentalise their intervention and comparison groups into sub-groups to include those with or without disability. Their findings would show, similar to other studies, that their comparison group would show little development in comparison with their intervention group. However, their intervention groups would show minimal difference between the sub-groups, indicating that the intervention was effective across both groups with and without disability. 

For Object control there were seven of the eleven studies showing results specific to object control, of the seven, six of those had also taken results for locomotor. In this case the odd study was Hamilton (1999) whose results reflect on individual object control skills in addition to an overall score. In Hamilton’s (1999) findings all individual skills (catch, throw, kick, strike. Bounce) show greater improvements in their intervention when compared to their control group. Using TGMD their findings showed throwing and kicking to have the greatest levels of improvement with improvements of 0.87 and 0.8 in mean raw score, while the other skills, catching, bouncing and striking showed improvements of 0.6, 0.66 and 0.4 respectively, indicating striking as the skill showing the least improvement. The showing of striking is also reflected by the control group as striking and throwing and kicking were skills where there was actually a decrease in mean raw score while other skills across the control group would show only modest improvement. This reflected on the overall scores for the groups where the control group would show a decrease from 2.72 to 2.66 overall. The intervention group, however, would show improvement that looks significant overall in comparison, increasing from 2.82 to 6.19, indicating significant success of their intervention. Apache’s (2005) results reflected the same outcomes as their finding s for locomotor skill, their findings showed improvement in object control skill across both activity-based and direct-instructional approaches, however the direct instructional approach would show insignificant improvements, especially in comparison to the activity-based approach, this was reflected in their pre-test to post-test improvement. Goodway & Branta’s (2003) results showed almost identical levels of improvement to locomotor skill, this time their MSI group would improve overall from 17-80%, while the control group would show a better result compared to their locomotor results but still modest in comparison (18-24%). This reflects success of their intervention as they indicated little difference in ability pre-test between the motor skill intervention and control groups. Goodway et al (2003) would show findings that give positive results for object control using a SKIP approach, their findings showed greater levels of improvement for their intervention group compared to their control group. Their control group would show a modest improvement in percentile score, going from 13 to 17, however their intervention group would improve from 11 to 60. Goodway et al (2003) would also compartmentalise their results by gender and their results showed findings that indicated gender was not an influence on the levels of skill improvement. Ketcheson et al’s (2017) study showed very similar levels of improvement when compared to their locomotor results, mirroring significant improvements when comparing intervention and control groups. However, where their results differed was their timing readings. Additional reading taken at weeks 2, 4 and 6 of their eight-week intervention showed “In object control outcomes, non-significant improvements were made between weeks 2 and 4, 4 and 6, and 6 and 8, with a significant gain in skills between weeks 4 and 8” (Ketcheson et al, 2017). This differs to their locomotor readings that showed the greatest levels of improvement during the first four weeks. Valentini & Rudishill (2004)(a) carried on the trend on positive records in regards to increases in object control, they used the TGMD, gaining mean score improvement of 4.53 from 8.58 to 13.11, this was a measure across all participants, adding that both of their approaches used (mastery and low autonomy) recorded similar scores regarding object control. Valentini & Rudishill (2004)(b) showed results for object control similar to their locomotor findings where significant improvements in object control skill occurred over both of their sub groups with and without disability, showing similarly effective results for both. 

Three of the eleven studies gained findings about perceived motor competence, these studies aimed to gain information as to whether there are associations between actual motor competence, perceived motor competence, and physical activity. Valentini & Rudishill (2004)(a), Barnett et al (2009), and Barnett at al (2015) are the studies that gave findings regarding perceived competence. Valentini & Rudishill (2004)(a) split their findings over two experiments, their first gained similar findings to their actual motor competency assessments where their results stated greater improvements in both locomotor and object control skill when a mastery/high autonomy approach was applied compared with a low autonomy approach, this trend would continue similarly with perceived competence. They would use the Harter and Pike (1984) Pictorial Scale of Perceived Competence and Social Acceptance (PSPCSA) as their method of measurement, for their study they would only use the perceived competence subscale of this assessment. Their figures showed that a mastery approach would gain significantly greater improvement than the low autonomy approach, however improvement was still shown, indicating positive association between intervention and perceived motor competence, they would however concede that having not measure the perceived motor competence of their control group that they were limited in the conclusions that they were able to draw upon. Their second experiment was a follow-up after a period of six months, their results of the follow-up would show that the increased results from the intervention were generally maintained or increased post intervention, however when comparing levels of physical activity they were inconclusive because their findings showed little difference in participation in activity between the mastery and control groups. Barnett et al (2015) would use TGMD2 to measure actual object control competence, they would use this as a base measure to assess against children’s perceived object control competence, from their results they concluded that there was indeed a positive association between children’s object control competence and their perceived object control competence. Their study would compartmentalise their findings on gender, they found significant difference between the actual object control competence between boys and girls, however the perceived object control competency differences would be minimal. Their results were not able to find positive association between either aspect, actual or perceived, and moderate to vigorous physical activity (MVPA). Barnett et al (2009) also object control skill, however their method would differ from the other studies in this group by using the Australian ‘Get skilled get active’ assessment. They would then use the Adolescent physical activity recall questionnaire after a six-year period to follow-up the results taken for object control. This aimed to examine whether there were positive relationships between object control skill and rates of participation in physical activity. Their conclusions indicated positive results, having gained results from the follow-up questionnaire they found 98.9% of their participants were involved in at least moderate physical activity, and 84.4% were involved in some form of vigorous physical activity, after calculations they indicated proficiency in object control as 12.7% of the variation.

Discussion

When reviewing results, it was unanimously that across the studies performing interventions of fundamental motor skill and compared their results against a control group, that there that was positive results. Each study that used a control group reported significant levels of improvement when viewing their intervention groups against their control group. This goes towards establishing a hypothesis that motor skill intervention is indeed effective for improving fundamental motor skills across childhood, this hypothesis also aligns with Logan et al’s (2012) meta-analysis that found the same conclusion of that motor skill intervention is effective in improving fundamental motor skill in children. The results also indicate that differences between improve levels of locomotor skill and object control skill were insignificant, however object control skill was more popularly assessed. Reasons for this popularity could stem from Barnett et al’s (2009) findings that proficiency in object control skill was positively associated with the amount of time spent experiencing MVPA, however in their findings they did include this as only 12.7% of the variation. Barnett et al (2009) gives another insight into object control’s popularity across studies compared to locomotor skill, stating that object control proficiency can be more effective when assessing future chances of participation in physical activity. They made the statement on the basis that object control skill can be seen as influential given that skills associated within the domain are commonly associated with sports and games and integral to participation. Barnett et al (2015) reinforces this opinion stating that object control skill in childhood should be a target priority of future intervention studies. Further research could possibly investigate other reasons for this margin in popularity of assessing object control skill over locomotor skill. The assessment of locomotor or object control skill could possibly relate to the assessment methods used. 

While it has been established that improvement of fundamental motor skill is positively associated with motor skill intervention, discussion and future research could delve further into the variables present to further validate this information. Variables over the eleven studies have included the interventions themselves, for example approaches and assessment methods used, length of intervention, participants used, and aims and objectives.

Across the eleven studies the most popular assessment tools were variations of Ulrich’s TGMD (1985) and TGMD2 (2000) with Barnett et al (2009) using the Australian ‘Get skilled get active’. While improvements were noted unanimously, comparing studies could be viewed as more difficult. Although TGMD in either form was the most popular assessment, as 7 studies would use TGMD and a further 3 would use TGMD2, the use of the different tests could potentially raise challenges when comparing studies. An example of this challenge could be assessing object control competence, it could be deemed ineffective to compare a study using TGMD against TGMD2 for object control as TGMD2 was updated to cover object control more extensively by adding extra exercises and balancing the amount of exercises to equal locomotor. The use of either assessment relates to the dates of interventions which can be mentioned as a limitation of this study with studies ranging from 1999-2017. This can also be a reflection of the studies chosen or of current literature as to whether intervention studies are compared with the most up to date methods. Another variable throughout the studies was the participants used. Over the studies the amount of participants used in each intervention ranged from 20-1045 with an average of 175 participants per intervention across the eleven studies, however this average is distorted by Barnett et al’s (2009) 1045 participants and the average number decreases dramatically down to 87 participants per intervention. For some studies this could possibly reflect on their results and whether they would reach the same conclusions if there were a larger number of participants, that is assuming that the larger the amount participating, the more reliable the results. The participants continue to be a variable across the studies as different studies used participants from different backgrounds in different areas, with different ethnicities. Gender or socio-economic status were also factors considered. Goodway et al (2003) would find gender as a non-factor when discussing levels of improvement, Barnett et al (2015) would also dismiss gender as minimal when discussing perceived competence, however they would show significant different regarding object control competency between boys and girls. Although these results give little information regarding gender, Bardid et al (2013) believes the influence of gender warrants future research, believing gender-specific teaching approaches are needed. Another variable across the studies was ethnicity, participants of different ethnicities were used across the different studies and although no study gives any conclusive proof of ethnicity as a factor, ethnicity was taken into account by studies, foe example Goodway et al (2003) would state the various ethnicities of their study, with  73.8% Hispanic, 13.8% African American, 8.8% White, and 3.8% Asian. They would mention ethnicity again when explaining their decision to use the TGMD, by explaining that without normative data specific to a Hispanic population, they viewed TGMD as the most reliable standardized method. Without conclusively stating ethnicity as a factor influencing motor skill intervention, they would consider ethnicity when assessing any environmental or socio-economic risk, stating in their study “risk factors commonly reported by the children and the children’s parents were English as a second language, low family income, low parental education, family history of delinquency, and prenatal drug exposure”, this could imply that future research could be a consideration on the subject of ethnic or socio-economic influences on motor skill. Another important variable of the participants was the presence of disabilities. Seven studies specified that participants experienced some form of disability or delay. Four studies specified that the participants involved were either delayed or at risk of motor delay. Delays can involve several other factors, USDHSS (U.S. Department of Health and Human Service, 1996) identified participants showing delays as priority, they identify this explaining surrounding socio-economic factors such as low-income can be a contributory factor towards sedentary behaviour. Valentini & Rudishill (2004)(a) cited other authors in their study that state the importance of working with developmentally delayed participants citing motivational concerns and their attitudes towards physical activity  (Harter, 1982; Nicholls, 1984; Roberts, 1992). The trend from this study shows a perception of this importance as four studies have chosen to prioritise participants that are delayed or at risk of delay, while Goodway et al’s (2003) use of participants that were ‘disadvantaged’ could also possibly be perceived as ‘at risk’. However, these trends are in contrast with Logan et al (2012) who although states a need for further research into the effectiveness of motor skill intervention, believes intervention should cover more diverse participants and not those just those at risk of delay, believing there is a hesitancy among authors to use typically developing participants. Results of Taunton et al (2017) and Valentini & Rudishill (2004)(b) indicated similar results of intervention regardless of whether the participants had a disability. These results seem to show a trend that the effectiveness of motor skill intervention is influenced minimally if at all by disability, however future research could possibly delve into whether factors behind developmental delay such as socio-economic environment influence results in comparison against typically developing children. Another possible topic of research could enquire into whether the multitude of disabilities and delays contained in the literature make motor skill intervention difficult to standardize and develop and whether Logan et al’s (2012) statement that there is a lack of studies involving typically developing children is an influence to effectively developing motor skill intervention. The length of intervention was varied across the different studies with 12 and week interventions being the most popular, and the highest and lowest lengths were 15 and 6, respectively. Ketcheson et al’s (2017) work gave insight into the sort of length of time motor skill needs to be effective. Their results indicated that during an eight-week intervention, locomotor skill development was mostly effective within the first four weeks, while object control development was more effective during the latter four weeks, Ketcheson et al (2017) suggested this could be due to the complexity of the demands of object control skill. These findings indicate that motor skill interventions can be designed against the skills they are aiming to develop, for example an intervention focussing towards object control proficiency would be designed to be longer than an intervention designed solely for locomotor development. Ketcheson et al (2017) conceded in their study that further research would need to be conducted to factor dosage during intervention, meaning amount of sessions per-week as well as the length of intervention need to be taken into account when discussing the effectiveness of a specific intervention. Different approaches were adopted across the different studies. The approaches adopted mainly included direct instruction, mastery climate, activity-based, SKIP-UDL (Successful Kinaesthetic Instruction for Pre-schoolers-Universal Design for Learning), and parent tutoring. Across the studies, of the studies that specified the approach used during their interventions, direct instructional approaches were included the most. However, some inclusions of the direct instructional approach were for the approach to be assessed against groups adopting separate approaches, for example Apache (2005) used a group working under a direct instructional approach and a group working under an activity-based approach, while Valentini & Rudishill’s (2004)(a) approach used a low autonomy group which could possibly be argued that direct instruction is a lower autonomy approach compared to the high autonomy mastery climate Valentini & Rudishill compared it against. Apache (2005) specified that a direct instructional approach has greater levels of control given to the teacher, using Apache’s (2005) explanation this it could assumed that direct instruction was the lower autonomy approach used to compare, however this is not confirmed. This popularity of a direct instructional approach could be a reflection of the perception that direct instructional approaches are viewed as a ‘traditional’ method (Logan et al, 2012), there are those who advocate direct instruction, direct instruction is viewed to be highly effective when applied in a physical education setting as well as being deemed highly effective as a tool used with younger children (Miller et al, 2007). Research could possibly delve into whether intervention taking place regularly in physical education settings are a factor in the selection of traditional methods such as direct instruction. Although the merits of direct instruction have been stated, Valentini & Ridishill (2004)(a) and Apache (2005) both gave findings stating that the approaches used in their studies, mastery climate and activity-based respectively, were more effective than the traditional direct instructional or low autonomy methods. Valentini & Rudishill (2004)(a) found results of the TGMD for the mastery climate and low autonomy groups showed that despite the low autonomy group showing better results pre-intervention, the post-intervention score reflected a larger increase in proficiency that transcended the gaps in ability to show the mastery group gaining higher post-intervention scores. Apache’s (2005) finding contradict the authors endorsing the effectiveness of the direct instructional approach, their findings showed insignificant levels of improvements over both locomotor and object control skills in comparison with their findings for the activity-based approach that showed significant levels of improvement across the two sets of skills. The findings from this study do little to explain a dominant approach as the findings of different studies, although sharing common assessment methods, cannot be conclusively compared without counting variables involving the participants, length of intervention etc. Future research could be warranted that analyses the effectiveness of multiple different approaches in more favourably comparable situations. A large variation of approaches involved within motor skill intervention could also possibly become a subject of future research that asks a question stating the extent variation could influence development of practice. 

Other findings across the eleven studies discussed motor skill intervention and perceived motor competence. Three main studies gained findings relating to perceived motor competence, these were Valentini & Rudishill (2004)(a) and Barnett et al (2015). Both studies’ findings indicate positive relationships between motor skill intervention and perceived competence. Valentini & Rudishill (2004)(a) gained positive results through the creation of a mastery climate in their approach. During their study they compared increases in perception of motor competency of groups undertaking a mastery approach and a low autonomy approach, during their intervention the low autonomy group increased minimally while the mastery group showed significant increases. Valentini & Rudishill (2004)(a) cited different possibilities explaining these findings, firstly they cited other authors, stating “ at a young age, the judgments that children form about their capabilities are highly dependent on the value each child places on success in the completion of tasks combined with the values of the peer culture and the feedback of significant adults” (Harter, 1978; Stipek, 1984; Stipek & Kowalski, 1989). This explains the effectiveness of the mastery climate given its aim of mastering specific skills and tasks, other factors attributed to these findings included by Valentini & Rudishill (2004)(a) were the lack of public comparison and the individuality the participants were afforded, by affording them this individuality students had the autonomy to learn at pace chosen by themselves. The insignificant results of the low autonomy approach would seem to validate this hypothesis. Their findings would however state a variable of this interventions, by including instructor feedback as a factor, indicating praise and encouraging feedback also influences the perception of the individual participant, this could possibly open up the competency and/or practices of instructors implementing the intervention as an influence on the reliability and/or effectiveness of specific interventions. Barnett et al (2015) found positive association between actual object control competency and perceived object control competency, as this study didn’t use a control group it is harder to definitively state that this is solely based on intervention, however the proof of a positive association would lend itself to the idea that interventions aimed toward improvement of object control skill would result in increased levels of perceived motor competency. Barnett et al’s (2015) study also had other findings, analysing whether either actual or perceived object control competence was associated with levels of physical activity, they stated that proficiency in object control approaches a significant relationship with moderate to vigorous activity, however the findings of their study fail to give a positive association between actual or perceived object control competency with levels of physical activity. They attributed these findings to the age of their participants, of which the ages ranged between 4 and 8. They gave explanation, explaining a possibility that the age of their participants meant that levels of physical activity were based around play, they believe that as children age they will tend towards more sport-related methods of physical activity of which object control skill would be more strongly associated. This gives age of participants as an important factor when assessing perception of competence, this development aligns with other research stating age as a factor of physical competence, Harter & Pike (1984) state that until approximately 8 years of age children struggle to put across accurate assessment of their own performance, which given the age of the participants in Barnett et al’s (2015) study could be seen to legitimise their findings. Wigfield & Karpathian (1991) outline differences between how younger and older children perceive their own ability, stating “young children’s self-perception focuses on their behavioural and physical characteristics, whereas older children incorporate a more abstract psychological perspective in their descriptions” (Wigfield & Karpathian ,1991). These differences could suggest that intervention using older participants could have perhaps given different results. Barnett et al (2009) did use older participants, with ages ranging between approximately 8 and 12, this did positive association between object control proficiency and the amount of time spend experiencing moderate to vigorous physical activity. While the study did give positive results associating the two aspects, of which they stated object control accounting for 12.7% of variation, their method of giving the APARG (Adolescent Physical Activity Recall Questionnaire) as a 6-year follow-up of intervention, could suggest timescale as a factor in a lack of literature regarding these subjects. Valentini & Rudishill (2004)(a) also administered a questionnaire after a 6-month follow-up, however their findings didn’t show any significant differences between the levels of participation in movement-based activities between the mastery and control groups, this could possibly be attributed to the amount of participants as this was a questionnaire given to parents and was completed by only 27 out of 56 parents. This could be viewed as inconclusive and an encouragement for future research to adopt a similar practice with larger amounts of participants. 

Limitations

There are various limitations present across this study, the first limitation of this study is the depth of research and amount of studies analysed. To gain a more conclusive insight into the outcomes of motor skill intervention, future study would use a larger bank of studies with which to analyse, which in-turn would provide more reliability of results. Influences on the depth of study and amount used include the databases chosen, resources available, and timescales. A more in-depth version of this study would use a more expansive number of databases than what has been used in this study, possibly including a research team and be performed across a larger timescale. Other limitations of this study could include the methods of which the research has been sourced and analysed. By sourcing information qualitatively judgement becomes a factor in the quality of information chosen or not chosen. This can also be applied to the decisions on which studies are included or excluded. Perception of information is another potentially limiting factor of this study, this is because when reading this study, the reader is assuming that studies analysed have been perceived correctly in order to correctly apply the information given to compare. Due to the results of this study being delivered as a narrative review, if future research were to be conducted the process could be reviewed and possibly add more quantitative or statistical analysis that could give greater depth and comparison among the selected studies. If this study were to be performed again further in-depth statistical analysis would be included. To gain more comparable results, the study criteria could be narrowed for future research. However, this could be affected by diverse interventions and diverse approaches across the literature involving motor skill intervention. To gain more in-depth analysis future study could possibly narrow criteria on aspects such as, age of participants involved, types of assessment methods used, or include a shorter date range. 

Conclusion

In conclusion aim of this study of reviewing the outcomes of motor skill intervention led to an early conclusion that motor skill intervention is positively associated with the improvement to fundamental movement skills. This has been the case for both locomotor and object control skill. While the study highlights an overall positive association between motor skill intervention and fundamental motor skill, the results have highlighted the variables involved when assessing best practice and effectiveness of specific interventions. Variables highlighted have included the participants, whether this be the number of then, their ages, their ethnicities, socio-economic circumstances, delays and disabilities. Approaches and assessment methods used were other variables of motor skill interventions. Certain studies assessed the merits of certain approaches over another, however for this information to be conclusive future study would need to include more examples of interventions using specific approaches. Perception of motor competence was another outcome assessed across the different studies, with some reporting positive association between the acquisition of fundamental motor skill and levels of perceived motor competency. While the diverse nature of the studies chosen have highlighted the different variable associated with outcomes of motor skill interventions, this has led to inconclusive findings in parts as in order for results to be more reliable it could be argued that an increase in sources would be needed. Instead this review has led to recommendations of future research. From discussion of results and variables, recommendations of future research could possibly include factor such as; locomotor versus object control skill, the warranty of gender-specific approaches in interventions, the influence of ethic and socio-economic factors on the effectiveness of intervention, the merits and effectiveness of different approaches to intervention i.e. mastery, activity-based, direct instruction, and finally the literature itself and whether diversity in literature affects future development of practice. 
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