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With consideration of theories of motor development, critically analyse the role of physical competence in the development of physical literacy.

Introduction
As the definition proposed in 2017 by the International Physical Literacy Association states:
“Physical literacy can be described as the motivation, confidence, physical competence, knowledge and understanding to value and take responsibility for engagement in physical activities for life.” (IPLA, 2017 physical-literacy.org.uk)
In line with this definition, the position taken in this essay is that physical competence is not the only variable in an individual’s physical literacy journey, but it plays a major role. The other variables mentioned might be seen as consequences of physical competence which mediate the relationship with physical literacy. The building blocks of physical competence are fundamental movement skills, which need to be taught in early childhood in order for an individual to then successfully progress onto more specialised skills required for lifelong participation in physical activity. However, it may be possible for a person with low motor competence to ‘catch up’ in later life with fundamental movement skills through well taught sessions (Belton et al 2019, Lander et al 2017, O’Brien et al 2013).

Physical competence can be described as possessing the required movement skills and patterns and the ability to combine these skills to facilitate successful participation in a range of different physical activities (Tyler et al 2018, Whitehead 2010 p204, physical literacy.ca 2019). Therefore, development of movement skills, also known as motor development, is a key process in the achievement of physical competence. Current mainstream thinking on motor development is that it continues throughout the lifespan (Clark 2017). Developing this argument that motor development continues throughout the lifespan, this essay will look at a number of models of motor development that draw on this perspective. First the mountain of motor development (Clark and Metcalfe 2002), second Gallahue’s triangulated hourglass (Gallahue et al 2012) and third the developmental trajectory model (Stodden et al 2008). The essay will compare these models and illustrate how they refer to the role of physical competence in the development of physical literacy. Next, the essay will focus on a key aspect of these models, the presence of a proficiency barrier hypothesised by Seefeldt in 1980 by drawing upon the work of De Meester et al (2017) and Hulteen et al (2018). Finally, the possibility of effective motor learning in later life through the mechanism of neuroplasticity will be examined (Thelen 2000, Anderson 2018).

Models of Motor Development
In 2002 Clark and Metcalfe proposed their mountain of motor development metaphor in order to demonstrate the development of motor skills throughout life, from birth to death. The mountain range represents an individual’s lifespan. Different levels of the mountain depict levels of motor development/movement skills (fig 1). It shows that, for various reasons, there may be peaks (skilful period) and troughs (compensation period) of motor competence, which then impacts on physical competence and physical activity.
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Fig 1 The Mountain of Motor Development.
Clark JE, Metcalfe J. (2002) The Mountain of Motor Development: A Metaphor. In J.E Clark & J. Humphrey (Eds), Motor Development: Research and reviews (Vol.2, pp. 163-190). NASPE Publications: Reston, VA
The reflexive behaviours that babies are born with make up the base of the mountain. These behaviours are required for survival and to enable the baby to adapt to the environment outside the mother’s womb (Clark 2007). The duration of this period is birth -2 weeks (Clark 2007). The next level, according to Clark and Metcalfe (2002), the baby moves onto once the primitive reflexes are overridden by development, is the preadapted period. This period is crucial to further the development of sensory-motor integration, “the process of organising sensations in the nervous system” (Ayres 2005 p13), that begins in the foetus. It is during this period that babies develop basic movement skills such as rolling, sitting and reaching, crawling and walking (Goodway et al 2020). It is also when postural control, required for all movement, begins to develop (Clark 2007, Goddard-Blythe 2013).

Once an infant has attained independent walking and self- feeding it moves up the mountain to the fundamental motor patterns (also known as fundamental movement skills) period (ages 1-7 years). This level of the mountain is referred to by Clark and Metcalfe (2002) as the “base camp”. It is seen by many (Barnett et al 2009, Goodway et al 2020, Stodden et al 2008, Wainwright et al 2019, Whitehead 2010 p256) as being a critical phase of development and the optimum age for children to develop the ‘building blocks’ required for accomplished and competent movement, and as such it plays a vital role in supporting physical literacy. 

[bookmark: _Hlk29827274]Fundamental movement skills (FMS) are a co-ordinated sequence of movements that result in an individual being able to perform a basic movement task. They comprise of object control (e.g. kicking, catching, throwing), locomotor skills (e.g. running, hopping) and stability (static and dynamic balance). FMS can be seen as a base on which to develop more advanced, sports specific skills (Lubans et al 2010). Without this essential base on which to build, acquiring sports specific skills is problematic. Research studies have shown that it is specifically the object control skills that seem to correlate with levels of physical activity in adolescence i.e. the more proficient an individual is in object control the more likely they are to continue with physical activity (Barnett et al 2009, Lander et al 2017). It is also a critical period for sensory integration when a child’s increased level of activity and exploration of the world aids integration of sensory motor processes (Ayres 2005), thereby advancing motor planning capabilities which then feeds into the improvement of FMS.

Further up the mountain is the context-specific period where basic motor skills and FMS are improved upon, combined and utilised in a variety of sports and physical activities (Goodway et al 2020). There is increasing evidence (Lubans et al 2010, O’Brien et al 2013, Pill and Harvey 2019) that many children are not reaching this level due to low levels of motor competence. This is very worrying as it is likely to lead to a lack of physical activity through the lifespan and thus have an impact on physical literacy and health.

The ‘peak’ of the mountain is the skilful period. To reach this level a child needs to have received quality teaching/coaching, many hours of practice, access to facilities and intrinsic factors such as motivation. The metaphor as a mountain range with different height peaks denotes that an individual is able to reach different skill levels across different sports and physical activities (Goodway, Famelia et al 2020). In 2015, Goodway and Robinson proposed an argument that early sport specialisation will hinder the ability of a child to develop the broad range of FMS that are necessary to partake in a diversity of sports throughout life. In the mountain metaphor this would mean that there are fewer mountain peaks. They therefore recommend that a wide range of sports are sampled. 

Clark and Metcalfe (2002) propose that individuals will ‘continuously return to the base camp of the fundamental patterns period’ before re climbing the mountain to another peak. This further highlights how important FMS are in promoting physical competence. Their metaphor is underpinned by their belief in dynamic systems theory, that is motor skills and motor behaviour change and develop through interaction between the individual, the environment and the task (Clark 2007, Newell 1986). This continues to happen throughout the lifespan. It is a “continuous-discontinuous” process (Goodway et al 2020).

This is in contrast to beliefs of maturationists such as Gesell who, as discussed in Haywood and Getchell (2020 p18), believed that development is a biological process driven by genetics and hereditary factors with little influence from the environment. As such the acquisition of skills was thought to be automatic.  In this approach developmental change is described as being a result of maturation of the central nervous system (CNS) and thus motor skill acquisition occurs in a universal sequence (Goodway et al 2020, Haywood and Getchell 2014).  Once the CNS has matured (adolescence/young adulthood) development was thought to have stopped. 

Another theoretical model of motor development based on dynamic systems theory is the Triangulated Hourglass: A Life Span Model (Gallahue et al 2012). This Model is a heuristic to aid understanding of the process of motor development. The hourglass represents the individual and the outcomes of development. The inverted triangle shows the constraints that act on development and how development occurs (Goodway et al 2020). The hourglass heuristic uses Newell’s model of constraints (Newell 1986) comprised of individual (physical and mental characteristics), environment (surroundings e.g. temperature, floor surface, gravity, and socio cultural) and task (task related goals and rules) constraints. The hourglass (fig 2) has similar levels/phases of development as The Mountain of Motor Development.

[bookmark: _GoBack]Two containers of sand fill the hourglass. One, hereditary, represents the genetic make-up of the individual and is fixed. The other, environment, represents environmental factors. This container can be continually refilled with sand depicting the fact that environmental factors are ongoing and changeable throughout the life span. If an individual has plenty of opportunity to access quality movement and physical activity experiences (with appropriate feedback from teachers, instructors, childcare professionals and parents) their hourglass will be filled with sand, thus promoting physical competence. However, an individual who does not have these experiences will have lower physical competence due to the environmental constraints on their acquisition of motor skills (Goodway et al 2020).
[image: C:\Users\kate3\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\774390CA.tmp]
Fig 2 The Triangulated Hourglass: A Life Span Model.
Gallahue DL, Ozmun JC, Goodway JD. (2012) Understanding motor development: infants, children, adolescents, adults. 7th ed. New York, NY: Mc Graw-Hill
The importance of achieving proficiency in FMS has been discussed above and is reflected in Gallahue’s model by the amount of sand entering the hourglass. The lifelong nature of motor development is demonstrated through the overturning of the hourglass. This tends to occur during late adolescence and early adulthood (Goodway et al 2020). This part of the model now has two filters, hereditary and lifestyle. The individual has control over the lifestyle filter only. This filter can slow down the passing of sand if the individual chooses a healthy lifestyle and remains physically active (environmental constraints). Sand can also still be added through the opportunities we all have for lifelong learning (Goodway et al 2020). The sand in the bottom of both hourglasses is not flat and levelled but has a bell-shaped curve. This is to show that different levels/proficiencies may be achieved at different times across a range of skills. This demonstrates the dynamic nature of motor development as is also shown in the mountain range of Clarke and Metcalfe’s (2002) model.

In order to aid understanding of how to encourage physical activity throughout the lifespan, in 2008, Stodden and colleagues proposed a developmental trajectory model to assess the relationships between motor competence, perceived motor competence, physical activity, health related fitness and obesity (Stodden et al 2008). Building upon the work of Seefeldt (1980) and Clark and Metcalfe (2002), Stodden et al (2008, p.292) suggested that
“…actual motor competence interacts with other variables such as perceived competence and is one of the most powerful underlying mechanisms influencing engagement and persistence in physical activity.”
[image: Image result for stodden 2008 developmental trajectory model"]
Fig 3 Developmental Trajectory Model
Stodden DF, Goodway JD, Langendorfer SJ et al. (2008) A Developmental Perspective on the Role of Motor Skill Competence in Physical Activity: An Emergent Relationship. Quest 60 290-306 p294
The model (fig 3) illustrates the proposed relationships between the variables and how they may lead to either a positive spiral of engagement with physical activity leading to healthy weight or conversely a negative spiral of disengagement and unhealthy weight/obesity. As can be seen in fig 3, opportunities for physical activity in early childhood (EC) are required to develop motor skill competence (this view concurs with those of Clark and Metcalfe 2002 and Goodway et al 2020).
 
The difference with this heuristic model is that it also considers the effect of perceived motor competence (PMC). In early childhood PMC is not necessarily directly linked to actual motor competence. This is possibly because at this age, referred to as the Preoperational phase (Piaget 1936, on simplypsychology.org) children are egocentric and do not have the cognitive ability to compare themselves with peers. This inability to compare with others means that their PMC has little effect on their actual motor competence. It is therefore an ideal age to expose the child to a wide variety of physical experiences, develop FMS and motor competence (Barnett et al 2016, Figueroa and An 2017, Lima et al 2017, Robinson et al 2015, Stodden et al 2008) and engage a love of being active.

Once a child reaches middle childhood (MC) and late childhood (LC) perceived motor competence has a bigger role to play in the relationship with physical activity (Robinson et al 2015, Barnett et al 2017). Stodden et al (2008) hypothesised that a child with high levels of PMC would have confidence to partake in physical activity thus further improving actual motor competence and reinforcing PMC leading to the positive spiral of engagement and healthy lifestyle. On the other hand, a child with low levels of perceived competence would be likely to avoid physical activity leading to poor actual motor competence and the negative spiral of disengagement and unhealthy lifestyle. This view has since been validated in studies by Barnett et al (2017) and Robinson et al (2015). This aspect of the Stodden model emphasises the importance of perceived competence on the desire to take part in physical activity and is therefore a relevant factor in the development of physical literacy (Wainwright et al 2018).

It can be seen from all three models discussed above that the development of FMS in early childhood is crucial for an individual to become physically competent. In a related line of argument, Seefeldt (1980) hypothesised that there is a proficiency barrier between FMS and specialised motor skills. In order to cross this barrier a critical threshold of motor skill proficiency must be achieved. Seefeldt suggested that children above the threshold will be more able to apply FMS to a wider range of specialised forms of physical activity and sport (Weigelt and Krause 2019). In contrast those below the proficiency barrier are likely to become disengaged from sport and physical activity (Logan et al 2015, Stodden et al 2013).

In 2013 Stodden et al carried out the first known study to look at the concept of a motor skill proficiency barrier in relation to health-related fitness levels in young adults aged 18-25. The results showed that only 3.1% of low motor skilled participants exhibited a good fitness level, whereas only 2.5% of highly skilled participants demonstrated poor fitness. The authors (p.402) state that “these data provide indirect support of Seefeldt’s hypothesis”.
 
Concerned with the drop in participation of moderate to vigorous physical activity (MVPA) by children and adolescents, De Meester et al (2017) undertook a study to examine the existence of “a proficiency barrier of actual motor competence, below which a child is less likely to attain 60 minutes of MVPA per day”. The results supported the existence of Seefeldt’s proficiency barrier. The authors reported that almost 90% of the children with low actual motor competence did not achieve the worldwide recommendation of at least 60 minutes of MVPA per day (from WHO report 2014). Children assessed to have high levels of actual motor competence were 2.5 times more likely to meet the above guidelines than their peers with low motor competence.

A recent model that includes the notion of a proficiency barrier is one developed by Hulteen and colleagues (2018). In developing their conceptual model, the lifelong physical activity model, Hulteen et al took a holistic view of physical activity and the skills required to be successful. In common with the models conceived by Gallahue and colleagues, and Clarke and Metcalfe, the basis of movement development are reflexive movements and then rudimentary movements. However, they proposed that traditional fundamental movement skills should be expanded to consider a more diverse range of physical activities than traditional sports/athletics. They introduced the term foundational movement skills to include activities such as swimming, cycling and resistance training.
 
In addition to a proficiency barrier between foundational movement skills and specialised movement skills, Hulteen et al have placed a hypothesized socio-cultural and geographical filter between rudimentary movements and foundational movement skills. This is to reflect the influence that unique socio-cultural factors have in different geographical locations. A view supported by Barnett, Stodden et al (2016) and Hulteen et al (2017), for example in countries that have cold climates with plenty of snow the predominant activities may be winter sports such as skiing, snowboarding. In countries with warmer climates and access to water (seas and lakes) the predominant activities may be water sports and swimming. In the Americas baseball is a prominent sport that is not as common in other regions of the world.
 
The choice of physical activity can also be affected by age. Hulteen et al (2017) found that individual sports/activities such as walking, running, cycling, swimming and resistance training were more popular amongst adults than team sports. In children, by contrast, team sports were popular, although this did vary according to geographical regions. These results give backing to the inclusion of foundational movement skills in the lifelong physical activity model. The Hulteen et al model could be seen as a more realistic representation of physical activity today than the mountain of motor development and the triangulated hourglass models due to the inclusion of a wider range of foundational movement skills. It is important to note, however, that these skills still need to be taught and there needs to be sufficient time to practise hence the inclusion of a proficiency barrier in the lifelong physical activity model (Hulteen et al 2018).

Both the lifelong physical activity model (Hulteen et al 2018) and the developmental trajectory model (Stodden et al 2008) have perceived motor competence and weight status as mediators of physical competence and thus physical literacy throughout the lifespan. These factors influence an individual’s motivation to participate in physical activity and may be seen as interdependent (Estevan et al 2019, Robinson et al 2015). The question then is if an individual has not achieved actual motor competence, perceived motor competence, a healthy weight and physical competence during childhood are they destined for a lifetime of physical inactivity and all the associated health problems, or is it possible for them to ‘catch up’ with fundamental/foundational movement skills?
Studies have been carried out to show the beneficial effect of high-quality interventions on improving motor competence during childhood (Holfelder and Schott 2014). One such intervention is SKIP (Successful Kinaesthetic Instruction for Pre-schoolers) developed by Goodway and colleagues (Goodway and Branta 2003). SKIP draws upon dynamic systems theory and Newell’s theory of constraints to deliver a developmentally appropriate motor skill programme to promote early years physical literacy (Goodway et al 2020). However, there are fewer studies relating to physical competence in adolescence specifically, and whether it is possible for adolescents to improve FMS competence (Lander et al 2017). In one such study, O’Brien et al (2013) implemented research to assess the impact of the Y-PATH (Youth-Physical Activity Towards Health) intervention, in which adolescents are taught FMS. They found that, through the intervention, 12-14-year olds with initially low motor competence significantly improved in FMS performance over the course of a year. This research is supported by similar findings in studies by Belton et al (2019), O’Brien et al (2016) and Lander et al (2017) that demonstrate that adolescents can learn FMS thus giving them enhanced opportunities for lifelong participation in physical activity. The ideal time to provide ‘catch up’ sessions would be before students leave secondary school education aged sixteen (McGrane et al 2018, Pill and Harvey 2019).

Although these papers provide data to show that it is possible for adolescents to learn FMS, they do not provide explanations for why this is possible. In order to find a potential explanation, we can look to the work of Anderson (2018) and further back to that of Thelen (2000). Both authors undertook reviews into the research surrounding motor development. One of the themes from their papers that may be seen as relevant to the notion of lifelong learning in relation to physical literacy is learning and plasticity. It was once believed that the adult brain was fixed in its development and incapable of further growth (Guglielman 2012). However, as reported by Anderson (2018), following research over the last twenty-five years it is now widely accepted that the brain remains plastic (i.e. neural networks are able to re-organise due to experiences) throughout the lifespan. This discovery indicates that there is an ability for individuals to continue learning new skills throughout life. Although this may be mediated by the decrease in speed of cognitive processing as people age, exercise has been shown to offset this decline (Haywood and Getchell 2020). Neuroplasticity gives credence to the possibility of lifelong learning. This can be related to the gaining of new motor skills and as such means that it is possible for adolescents and adults to improve motor competence. Furthermore, it supports the notion of physical literacy being a lifelong journey.


Conclusion
Through consideration of the theories of motor development discussed above, this essay argues that physical competence is the main underlying variable in the development of physical literacy. Without achieving physical competence and breaking through Seefeldt’s hypothesised proficiency barrier individuals are less likely to continue with physical activity throughout life. The development of physical literacy is also due in part to perceptions of motor competence leading to self-esteem and motivation to exercise. Research discussed above has shown that levels of perceived motor competence are linked to actual motor competence. This reinforces the need to develop physical competence in early childhood through well structured, developmentally appropriate and well taught sessions. It is also crucial that babies and toddlers are given plenty of opportunities to experience movement in order to develop sensory motor integration, a vital element of motor planning.

It has been discussed above that the ideal time to develop proficiency in FMS is up to the age of seven. However, this essay has also introduced the idea that through neuroplasticity it is possible for individuals to learn new motor skills throughout the lifespan. So maybe all is not lost if proficiency in FMS is not achieved in early to middle childhood. Considering the effect of perceived motor competence on self-esteem and motivation, any sessions taught to adolescents and adults would need to be well planned and inclusive. It is essential to recognise that each individual’s physical literacy journey is just that, individual, and will depend on personal aspirations. Fundamentally though, it is physical competence that will shape physical literacy throughout the lifespan.
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