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Introduction
     The role of motor competence in the development of physical literacy has become a subject of substantial debate in recent years.  Common sense and evidence prevail in the thought that motor development and competence are essential components to living an active and healthy lifestyle. Children should participate in early childhood activities and continue through adolescence and adulthood in sports and physical pursuits; however, there has not been adequate research to date to give credence to include “life-long performance” in relating the importance of attaining motor competence at an early age. According to Robinson et al, “questions related to the increased strength of associations across time and antecedent/consequent mechanisms remain” (2015, p.1273).
     The goal of this essay is to critically analyse what role early childhood motor development plays in the development of physical literacy over a lifespan and the possible implications when motor competence is not met, including declining rates of physical activity, weight status, and increased sedentary behavior.
     Following preliminary data regarding worldwide guidelines for physical activity, this essay will examine issues related to the role of motor competence in relation to the aforementioned guidelines and issues that may arise when inconsistencies between the two occur.  The paper will follow a chronological order by examining the development of motor competence in early childhood, followed by physical activity in adolescence, adulthood and finally, the aging population. Sedentary behaviour, screen time and self-perception are concepts that are recognised as influencers to physical activity and will be briefly analysed throughout the paper. In closing, consideration will be given to interventions and opportunities by experts, focusing on data from Katzmarzyk, Avelar, Taylor, and Schutzer and Graves, related to physical literacy and older adults with the intention of promoting physical literacy throughout the lifespan.
Physical Inactivity: A Worldwide Crisis?
     Recently published recommendations in The Physical Activity Guidelines for Americans for preschool-aged children (3 - 5 years) state that for adequate physical, muscular and brain development, this age range should be active for a minimum of 3 hours per day (2018).  This coincides with recommended guidelines of physical activity in Wales, Germany, Canada, Lithuania, and Australia among many other countries. (Get Wales Moving, Manz, 2014, Colley, 2019, Sukys, et al 2019, Tremblay, 2017, Australia Department of Health<health.gove.au>). A study published in a 2017 joint report by Public Health Wales and Sport Wales, “Getting Wales Moving”,  states that children between the ages of 2-4 in the UK are not currently as active as recommended and not meeting the guidelines (2017). Similarly in Australia, China, Canada, the United States, and Germany, the percentage of children who reach the recommended levels of activity also falls short (Australia Department of Health; Xu & Gao, 2018; Manz, 2014; Katzmarzyk, 2016; Colley, 2019; Sukys, et al 2019). In an effort to improve these world-wide statistics, The World Health Organization, through its Commission on Ending Childhood Obesity (ECHO), has released its first set of guidelines including sedentary behaviour, sleep, and physical activity for children under 5 years of age. A brief look at what a 2-3 year-old’s day should look like includes at least 180 minutes of physical activity, of which a minimum of 60 minutes is moderate to vigorous physical activity (MVPA), stating, “more is better,” (p. viii) while “less is better” (p. viii) for sedentary time which should be under 60 minutes in a 24-hour period.  These children should then clock 10-13 hours of “good quality sleep” (2019, p. ix). 
     In considering adolescents’ physical activity, health organisations, including the World Health Organization (WHO), The National Institutes of Health (NIH), a division of the U.S. Department of Health and Human Services, and The Canadian Society for Exercise Physiology (CSEP) have matching recommendations for youth activity levels, stating that children and youth aged 5-17 should engage in MVPA for 60 minutes a day (WHO, 2019; NIH 2013; CSEP, 2017).  In a study done by Guthold, Stevens, Riley and Bull, findings across 168 countries and 1.9 million participants showed that 81% of students aged 11-17 years were not sufficiently active (2018). In a recent commentary on the results of the United States Report Card for Children and Youth, Katzmarzyk et al. claim, “Physical inactivity remains a global health issue” (2017, p.2). 
     The role motor competence plays in these dismal figures cannot be overlooked. Results of a study done by Stodden et al suggest that in order to maintain physical activity levels throughout one’s lifespan, motor competence skills must be developed at an early age, built upon, and nurtured through adolescence (2008).  A domino effect begins when children are not skilled in basic gross motor skills leading to lower activity levels in adolescence, in turn leading to more sedentary adulthood (Barnett, 2009; Kirby et al., 2011). Models by Clark and Metcalfe (2002) and Seefeldt (1980) started the revolution to give special attention to the importance of fundamental movement skills (FMS), the basis which all physical activity relies upon. As hypothesized by Stodden, if these skills are not developed early in children, their future physical activity levels may suffer (2008). As Jane Clark so matter-of-factly states, “Motor skills do not just come as birthday presents. They must be nurtured, promoted, and practiced” (2007, p.43).
     In examining what goes wrong with motor competence from an early age, Webster, Martin, and Staiano examined fundamental motor skills, sedentary behaviour, screen time, and physical activity and the associations among preschool-aged children. Their findings show a positive relationship between vigorous physical activity and motor skills, while an inverse relationship with screen time was evidently related to fine motor skills only, noting that more investigation into the relationship of young children’s exposure to screen time is required (2018).  In a study of Finnish children aged 3-7 years, the decline of motor competence is suggested to be related to less time spent outdoors, citing lowered or limited time with a variety of environmental affordances (Niemistö et al, 2019). In neighbouring Norway, research conducted on motor development indicates the improvement of motor skills when children do physical activities in a natural landscape and can be considered “an influential factor in children’s motor development” (Fjortoft, 2004, p.39). When examining preschool children’s social and mental health implications with motor competence levels, Zeng et al synthesised literature relating cognitive development to effective physical activity. Findings suggest an increased level of physical activity among preschool children is beneficial for both their cognitive function and motor skill development; with the caveat that more research is needed to strengthen these findings (2017).  
     When gross motor competence levels in preschool-aged children are lacking, the tendency is that these children will grow into adolescence being less physically active (Barnett, 2016, Figueroa & An, 2017). A less physically active adolescent faces potential health issues including weight issues, increased body mass index levels (BMI), lower self-esteem, and is less likely to be involved in a lifetime of physical activity (Barnett et al., 2009; Hands, 2012; Stodden et al., 2009).  The U.S. Center for Disease Control (CDC) and the European Union Science HUB report rates of obesity in adolescents as high as 39% in certain European populations and 20.6% among 12-19-year-olds in the U.S. (Caldeira et al, 2018, Hales, 2017, HUB, 2019), with the WHO reporting more than 41 million obese or overweight children under the age of 5, worldwide in 2014 (2017). In a recent study done in several European countries, adolescents’ BMI not meeting physical activity recommendations showed a clear association, adding that further examination is required to specify the levels of activity required by adolescents to maintain healthy BMIs (Schwarzfischer et al., 2017).  Similar findings were recorded by Cai, Zhu, and Wu, measuring obesity rates in Chinese youth and citing the need to develop efforts to reduce screen time and increase physical activity in order to improve Chinese adolescents’ level of fitness (2017).
The Causality Dilemma in Adolescent Fitness 
     In a study done by Hands et al., examining the relationship between health-related fitness, physical activity, and motor competence in 1,585 Australian 14-year-olds, the causality between the three components is considered:  “...without some level of competence in a range of motor skills along with the development of physical fitness, children are limited in the amount and range of physical activity they can undertake (2009, p.655).”  It begs the questions, are less physically active adolescents less motor-skilled competent because they are less active? Or vice-versa? Stodden et al. suggest young children’s physical activity may lead to an increase in their motor skill competence level (2008). Does this change as children age? In a small survey of Estonian 7-9-year-olds, FMS and physical activity were not found to be related (Riso et al, 2017). While it seems logical that FMS and physical activity should be linked across the lifespan, Barnett et al. set out to collect evidence through Luban et al’s review of 21 studies, and found a positive association between physical activity and motor competencies, adding that the magnitude and strength of associations were not provided (2016).  This leads to another question about how this can be accurately measured given the subjectivity and limitations, and no universal consensus regarding the quantification of motor competence across the lifespan. Is everyone looking at the same environmental factors and using similar methodologies?  
     Attempting to field some of these questions by interpreting the correlation between motor competence and performance on physical fitness measures, Gísladóttir, Haga, and  Sigmundsson examined the results of adolescents’ performance on two competency tests, Movement Assessment Battery for Children -2 (MABC-2) and the Test of Motor Competence (TMC), suggesting that different test types may cause a lack of compatibility in the correlation between physical fitness and motor competence in adolescents (2019).  Sigmundsson was part of an earlier study that tested motor competence across the lifespan only using the TMC; the timed test consisted of two gross motor tasks (dynamic balance) and two fine motor tasks (manual dexterity). In this study, they found the test to be applicable to a wide age range, from 5 to 83 years, adding that it could present useful findings for an overall view of gross and fine motor skills over the lifespan (2016).  Another battery specific-to-age was developed by Zuvela, Kezi, and Miletic at the University of Split in Croatia. This FMS skills timed test was designed for 8-year-olds and consisted of an obstacle course of 24 tasks related to a 1993 movement skills classification by Mrakovic. Findings from the study showed such an obstacle course can be a valid and reliable way to quickly and efficiently test FMS in 8-year-olds (Bozanic & Miletic, 2011).  Hulteen et al’s model is also inclusive of a broader range of movement skills needed as a foundation of physical activity across the lifespan, including skills, dubbed “foundational” skills, such as swimming strokes, resistance training and bike-riding (2018). 
The Greater Challenge
     While there is much debate and research about when, how and what to test related to motor competence and fundamental or foundational movement skills, the end-all goal is using the information to get and keep the population physically active throughout their lifespan, with all variables including age, culture, geographic location, socioeconomic levels, etc. accounted for.  As noted earlier in this essay by the growing numbers of inactivity and obesity, this is proving to be a universal challenge. We know what each age group should do on a daily basis to maintain a healthy activity level. We know that it is not happening as it should and we are starting to learn why. Research done in a few areas includes:
Positive or Negative Self-Perception
     A concept important to building motor competence in adolescents to aid in maintaining the recommended activity levels is their self-perception.  In a systematic review, Lubans, Morgan, Cliff et al examined the potential health benefits in adolescents and the relationship to FMS competency which will eventually affect public health. While their findings were limited, they did find evidence to support the relationship between self-perception and at least one aspect of FMS competency (2010).  In a 2015 study, Liong, Ridgers, and Barnett attempted to find more proof to support this hypothesis. Their results did not indicate a significant association between actual locomotor and children’s perceived skills at 6.5 years; however, while weak, they did find a positive association between actual object control and perceived skills, adding the need for future research using aligned measures (2015). Utesch et al found that grade 3 and 4 students, who scored high on motor competence levels, assessed over a year’s time, did not necessarily show a high level of self-perception (2018).  
     In later research, attempting to strengthen the correlation between play competence perceptions and physical activity, Barnett et al collected data to assess two different age samples of children, 4-5 and 5-8 year-olds. Their findings linked perceived active play competence in the older sample, concluding that developing a positive self-perception through play-based activities led to more physical activity on a daily basis (2017). This confirmed Stodden’s model of 2008 in which the “positive spiral engagement” shows perceived motor competence as a mediating variable to physical activity (2008).  Contrary to this, Slykerman et al’s cross-sectional study showed no association between MVPA and perceived skill competence among their sample of 109 children with a mean age of 6.5 years; however, they did recommend to still consider perceived physical competence within this age group when developing physical education programs to promote confidence in school-age children (2016).  In a study of 11-19-year-old adolescents, Baceviciene, Jankauskiene, and Emeljanovas found that a positive self-perception related to an adolescent’s physical activity and fitness were associated with a lower amount of psychosomatic health complaints, regardless of the actual physical activity levels (2019).
     Another aspect of self-concept, body image, related to physical activity, was assessed in a study done by Fernandez, Canet, and Gine-Garriga, who focused on perceived barriers to physical activity in older adolescents in Barcelona. Their findings showed a correlation between physical activity and one’s perceived body image. They found that a fifteen-year-old’s having a better assessment of his/her body image, was directly linked with a higher level of physical activity (2017). This is in agreement with Barnett et al who noted the importance of children having a positive self-concept when participating in physical activity, whether it be termed “play” or “physical activity”(2017).
Motor Competence and Sedentary Behaviour (SB) 
     In a scientific statement from the American Heart Association (AHA),  Barnett and Kelly define sedentary behaviour (SB) as:  “from the Latin ‘seder’ (to sit), sedentary behaviours typically occur while seated but more generally refer to any low-energy expenditure pursuits such as television viewing, reading, and motorized transport” (2018, p.e-143).  The Sedentary Behaviour Research Network (SBRN) further defines SB as “any waking behavior characterized by an energy expenditure ≤1.5 metabolic equivalents (METs), while in a sitting, reclining or lying posture” <www.sedentarybehaviour.org> (2017). In simple terms, when a person is lying or sitting down, their behaviour would be considered “sedentary”; however, not necessarily physically inactive.  Trembley et al explained the contrast, a distinction between sedentary behaviour and physical inactivity, which is defined as an activity level which is not sufficient to meet currently recommended amounts (2017). Studies have shown that sedentary behaviour is currently practised by 80-85% of preschool children in America, (Webster, Martin & Staiano, 2018), while European adolescents practise between 3.2 to 9.2 hours a day of sedentary behavior (Azner, et al, 2017). According to a cross-sectional study, high sedentary time in children is not only due to screen media use (Hoffmann et al., 2019). Adults are also guilty of this lifestyle. In a recent multi-country study, involving more than 1 million participants, Ku et al discovered adults to be engaged in an average of 8.65 hours of sedentary time on a daily basis (2018).  This is marginally up from a 2013 survey in which 67% of the older adult population was found to be sedentary for an average of 510 minutes per day; the majority of them are clocking up an average of four hours of TV time daily (Harvey, Chastin & Skelton, 2013).
     Owen et al’s model of sedentary behaviour examines the relationships between various factors and influences which are relevant to help understand sedentary behaviours across the lifespan. The four domains are Leisure Time, Household, Transport, and Occupation. The goal was to guide research with the idea in mind to reduce prolonged sitting time. Their recommendations include simple instructions such as encouraging minimal physical activities while engaging in an otherwise sedentary behaviour, such as “standing up while talking on the telephone” or “ironing while watching TV”,  emphasising at least getting up after 30 minutes of sitting and moving around a bit (2011). In a small study in Scotland, researchers used computer prompts and short educational tips to remind and encourage screen-based employees to get up after 30 minutes of sedentary time. While the scope of the study was limited due to a small number of participants, the time spent in >30-minute sitting intervals was reduced when reminder prompts appeared on computer screens (Evans, 2012).
Screen Time
     While technology and screens may be the first to blame for all this downtime, the results of Hoffman et al’s research indicate that ”...children’s large amounts of sedentary behaviour are not necessarily due to high media use (2018, p.5).”  However, findings in a comprehensive study by the Kaiser Family Foundation in 2010 show an increase in media usage by 8-18-year olds, with television content still racking up the most minutes, while “an explosion in mobile and online media has fueled the increase in media use among young people” (Rideout, Foehr, & Roberts, 2010, p.2). 
Interventions and Opportunities
     Regardless of what is causing lower physical activity across the lifespan, measures need to be taken to increase movement in all ages and minimise the amount of physical inactivity and sedentary time currently in practice with the goal in mind of reducing health-related risks, including cardiovascular disease, obesity, hypertension, depression, and a variety of cancers (Warburton, 2006).  Baceviciene, Jankauskiene and Emeljanovas, found establishing attitudes and behaviours at an early stage in life can predict and influence activity levels and noted that general knowledge of health-related consequences in the population is limited (2019). In agreement, Bauman et al reflect, “in order to develop effective interventions, it is important to detect trends in these lifestyle behaviors at an early stage and to identify their determinants” (2012, p.258). Manz et al suggest the promotion of daily physical activity of youth by encouraging participation in sports activities instead of screen-time; their research shows a correlation between excessive screen-time use and lower levels of sports participation (2014). Bento and Dias encourage getting kids outside more often, giving the possibilities to face challenges and adventures without controlled activities by adults (2016). 
     It is evident that something must be done on a global scale to get children, adolescents and the non-active ageing population more physically active, with hopes of meeting the WHO recommendations, and to start the trend for Stodden’s positive spiral of engagement (2008).  As noted in the 2016 United States Report Card on Physical Activity for Children and Youth, Katzmarzyk et al offer simple ideas to counter the failing grades assessed in the report, including encouraging unorganised play for children to increase their physical activity levels (2016).  First Lady Michelle Obama’s Let’s Move! Initiative provides guidance for teachers to incorporate movement into normal classroom routines including taking activity breaks, offering flexible seating such as sit-stand desks, balance boards or pedal desks, and promoting the use of GoNoodle, a bank of videos used to get kids moving. Often, simply making movement fun for students is the only motivation needed to get kids moving and active both at, and after school.  Emily Pharez, a PE middle school teacher of the year states, “The more enjoyable physical education experiences are, the more likely students will find enjoyment in activity outside of school” (Doolittle, 2016, p.30).  She suggests providing a variety of activities, offering more choice during PE, using technology such as pedometers, Wii games, and dance and exercise games to connect them to physical education content, and to use field trips and authentic places outside the school such as bowling alleys, health clubs, or golf courses to encourage the use of recreational services in their communities (Pharez, 2016).   Barnett and Kelly make a simple suggestion to eliminate screen based devices from bedrooms and at meal times (2019).  In Germany, national public health efforts are focusing their attention on promoting physical activity starting at a young age and through adolescence, noting that screen time and electronic media use is particularly causing higher levels of sedentary behavior (Manz, et al, 2014). 

Keeping the Aging Population Active
     Gallahue writes, “Adults who remain physically active and adapt and compensate for changing environmental and task demands inhibit the typical age-related declines much more effectively than their sedentary peers (2012, p. 397).  In her review, Taylor outlines several key messages related to physical activity for the aging population, including the primary challenge of finding effective ways to support the aging population in building better physical activity habits and behaviours, adding that general practitioners play an important role in making recommendations related to physical activity for their aging patients (2013). Schutzer and Graves agree that healthcare providers may need to be the catalyst to recommend appropriate guidelines for exercise for the elderly stating that “Physicians play a key and pivotal role in promoting exercise behavior among the elderly” (2004, p. 1056).  Avelar et al state the importance of socialization for programs for the older population, particularly women, noting higher levels of effectiveness in their exercises when including activities that emulate daily life and include music (2016).  

Conclusion
     Ensuring that fundamental motor skills are given adequate attention early in childhood should be a priority of policy makers, educators, and parents to help initiate and bolster a positive relationship with physical activity aimed at creating a more physically literate society. The importance of motor competence and fundamental motor skills development should be a part of community and school environments as it may guide children to be more confident and proficient, giving way to an inclination to participate in physical activities throughout the lifespan (Lubans, 2010).  The benefits of being motor competent can be obtained throughout the lifecycle in many shapes and form, ranging from a healthy body due to reduced risks of various illnesses, to increased happiness, confidence and a higher self-esteem. Leading an active life from infancy and encouraging movement throughout the lifespan needs to become the new norm. Attacking the epidemic of worldwide physical inactivity is an issue that can be addressed at all levels, from new parents to physicians; from childcare providers to retirement facility managers; governments and policy makers; from teachers to researchers; everyone plays a part.
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