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Abstract 21 

This study explored the relationship between motor abilities and accelerometer-derived 22 

measures of physical activity (PA) within preschool-aged children. 193 children (101 23 

girls, 4.2 ± 0.7 years) completed five tests to assess motor abilities; shuttle run (SR), 24 

standing long jump, lateral jumping, one leg stand and sit and reach. Four PA variables 25 

derived from 7-day wrist-worn GENEActiv accelerometers were analysed including; 26 

Moderate-to-Vigorous PA (MVPA, mins), Total PA (mins), percentage of total PA time in 27 

MVPA and whether or not children met WHO guidelines for PA. Linear regressions were 28 

conducted to explore associations between each PA variable (predictor) and motor 29 

ability (outcome). Models were adjusted for age, sex, height, parental education, time 30 

spent at sports clubs and wear time. Models with percentage of total PA time in MVPA 31 

were adjusted for percentage of total PA time. Regression analyses indicated that no 32 

PA variables were associated with any of the motor abilities, but demographic factors 33 

such as age (e.g., SR: ß=-0.45, 95%CI: -1.64, -0.66), parental education (e.g., SR: 34 

ß=0.25, 95%CI: 0.11, 1.87) or sports club time (e.g., SR: ß=-0.08, 95%CI: -0.98, 0.26) 35 

showed substantial associations with motor abilities. Model strength varied depending 36 

on the PA variable and motor ability entered. Results demonstrate that total PA and 37 

meeting current PA guidelines may be of importance for motor ability development and 38 

should be investigated further. Other covariates showed stronger associations with 39 

motor abilities such as time spent at sports clubs and should be investigated in 40 

longitudinal settings to assess the associations with individual motor abilities. 41 

Keywords: MVPA, Movement, accelerometry, sports club membership, WHO 42 

guidelines, motor skills 43 
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 44 

Association of individual motor abilities and physical activity measures in 45 

preschool-aged children 46 

 47 

Early childhood (3-5 years of age) presents a critical time for development during 48 

which children learn to move through space and acquire fundamental movement skills 49 

(FMS) such as running and jumping (Stodden et al., 2008). The development of motor 50 

competency is a complex process driven by internal structural and functional changes 51 

but is also heavily influenced by environmental factors such as physical activity (PA) 52 

(Clark, 1995; Stodden et al., 2008). The complex relationship between PA and motor 53 

competency is outlined in a developmental model proposed by Stodden et al. (2008) 54 

which suggests that during early childhood, acquisition of FMS is driven by PA. 55 

Subsequently, FMS provide the foundation for more complex movements needed for 56 

recreational play and sports participation (Gallahue & Ozmun, 2000; Stodden et al., 57 

2008). Accordingly, the model also suggests that during middle to late childhood, motor 58 

competency begins to drive PA and therefore, PA during the early years may drive PA 59 

during later childhood and adolescence (Stodden et al., 2008).  60 

The relationship between motor competency and PA is critical as we now know that 61 

establishing healthy PA habits during early childhood is an important step towards 62 

conquering the ongoing childhood obesity epidemic (World Health Organization, 2020). 63 

In preschool-aged children, PA, in particular total PA (TPA) and moderate-to vigorous 64 

PA (MVPA) has been favourably associated with cardiometabolic health, bone and 65 

skeletal health, psychosocial health and both motor and cognitive development (Carson 66 
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et al., 2017). Despite increased knowledge about the importance of PA, children and 67 

youth are spending little time engaging in MVPA (Pate et al., 2015) and continue to 68 

score poorly on worldwide PA report cards (Aubert et al., 2018). As this raises concerns 69 

for childhood health, PA guidelines targeted towards the early years have become an 70 

important area of interest. The World Health Organization (WHO) recently released new 71 

guidelines for children under the age of 5, which recommend that children 3-4 years 72 

should accumulate a minimum of 180 minutes of any type of PA per day and at least 60 73 

of those minutes should be spent in MVPA (World Health Organization, 2019). For 74 

children aged 5-17, the WHO recommends at least 60 minutes of MVPA per day (World 75 

Health Organization, 2010). 76 

The relationship between motor competency and PA has been extensively reviewed 77 

(Barnett et al., 2016a; Figueroa & An, 2017; Holfelder & Schott, 2014; Jones et al., 78 

2020; Robinson et al., 2015), and although a relationship is apparent, this association 79 

heavily depends on the skills measured and how PA is quantified, as well as the type of 80 

analyses conducted, and covariates used. Multiple reviews show a positive relationship 81 

between motor competency and PA (Figueroa & An, 2017; Holfelder & Schott, 2014) 82 

and a recent meta-analysis of 12 studies indicates a weak but positive correlation 83 

between FMS and MVPA and between FMS and TPA (Jones et al., 2020). However, 84 

another review conducted by Barnett et al. (2016a) concluded that only certain 85 

components of motor competency were related to PA. It is difficult to gain a complete 86 

understanding of this relationship due to major inconsistencies in test batteries used to 87 

assess motor competency. For example, of 19 studies included in a recent review, ten 88 

different assessment tools were used to evaluate motor competency (Jones et al., 89 
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2020). Additionally, test items used to evaluate motor competency have also been used 90 

to assess other constructs such as fitness (Utesch et al., 2019a; Wrotniak et al., 2006), 91 

an issue that is further complicated by the abundance of varying terminologies 92 

including; “motor ability”, “motor skills”, “motor coordination” , “motor/movement 93 

performance”, and “movement competence” (Robinson et al., 2015). To clarify, the term 94 

motor competency is used to describe the proficiency of any goal-oriented form of 95 

human movement involving gross body coordination and control (Coppens et al., 2019; 96 

Robinson et al., 2015; Utesch et al., 2019b). Thus, during early childhood, fundamental 97 

movement skill (FMS) proficiency is often used to evaluate motor competency (Stodden 98 

et al., 2008). In contrast, motor abilities can be defined as the general traits or abilities 99 

underlying the performance of FMS (Burton & Miller, 1998); examples of motor abilities 100 

include speed, endurance, strength, coordination, balance and flexibility and any 101 

combination of these abilities, for example speed strength and strength endurance 102 

(Burton & Miller, 1998; Klein et al., 2012). In contrast, physical fitness can be defined as 103 

“the ability to carry out daily tasks and perform physical activities in a highly functional 104 

state” (NCBI, n.d.) as such certain motor abilities such as flexibility may be considered 105 

an indicator of good physical fitness. Clinicians, researchers and/or educators may 106 

assess these traits through validated movement skills tests such as the Sit and Reach 107 

test (Koslow 1987).   108 

Some evidence suggests an association between PA and individual motor abilities in 109 

children. Wrotniak et al. (2006) showed that a higher percentage of time spent in MVPA 110 

was correlated with faster speed and agility, as well as greater distance jumped 111 

(strength/coordination) in 65 children aged 8 to 10-years-old. In 5- to 6-year-olds, a 112 
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positive association was found between pedometer derived aerobic steps/day and 113 

speed, agility and balance (Kambas et al., 2012). Unfortunately, most studies calculate 114 

one composite score to reflect motor competency, or alternatively calculate subdomain 115 

scores for locomotor and object-control abilities (e.g. throwing and catching) (Figueroa 116 

and An., 2017; Olesen et al., 2014; Webster et al., 2019; Williams et al., 2008) rather 117 

than specific traits of individual motor abilities. Additionally, many studies use different 118 

PA variables (i.e. TPA, LPA, MVPA, VPA) or group all measures of PA together. 119 

Although understanding the broad relationship between PA and general abilities is 120 

important, research is needed to examine whether PA can impact some specific motor 121 

abilities more than others during crucial developmental periods, such as the preschool 122 

years.  At the present time, little is known about possible associations between PA and 123 

individual motor abilities, during the preschool years and how different measures of PA 124 

can affect this relationship. The acquisition of proficiency in a variety of motor abilities in 125 

the preschool years provides a solid foundation for the development of more complex 126 

movement patterns needed later in life, not only for activities of daily living but also for 127 

recreational play and participation in sports (Gallahue & Ozmun, 2000; Stodden et al., 128 

2008).  129 

Therefore, the purpose of this study was to evaluate the relationship between 130 

individual motor abilities and various objectively assessed PA outcomes within a 131 

preschool-aged population. Motor ability tests were conducted to assess speed, 132 

strength, endurance, coordination and flexibility. PA measurements included; MVPA 133 

(mins), TPA (mins), the percentage of total physical activity spent in moderate-to-134 

vigorous physical activity (%MVPA of TPA) and whether or not children are meeting 135 
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current WHO guidelines for PA. Based on previous research (Holfelder & Schott, 2014; 136 

Kambas et al., 2012; Wrotniak et al., 2006), it was hypothesized that time in MVPA, 137 

TPA, %MVPA of TPA or meeting current PA guidelines recommended by the WHO 138 

would be positively associated with all five motor ability tests. Insight into associations 139 

between healthy PA habits and individual motor abilities in preschool-aged children will 140 

provide critical information for parents and early childhood educators responsible for 141 

ensuring children are prepared for the level of social and recreational interactions 142 

required for a successful entry to the school years. 143 

Methods 144 

Protocol 145 

Data for the current study was collected as part of baseline collection from the 146 

“JolinchenKids- Fit and healthy in daycare” study. Children between the ages of three 147 

and six years were recruited from 61 daycare facilities across Germany. PA data was 148 

objectively measured using accelerometers in a subset of these daycare facilities (23 of 149 

61 centres; due to limited availability of accelerometers) in addition to assessment of 150 

motor ability. Ethical approval was obtained by the Medical Association in Bremen 151 

(HR/RE-522, April 28, 2016), and the study was registered at the German Clinical Trials 152 

Register (DRKS00011065). Full study protocol and additional details have been 153 

reported by Steenbock et al. (2017). 154 

Data Collection 155 

Two experienced study nurses completed each child’s height and bodyweight 156 

measurements while children were barefoot. Height was measured using portable 157 

stadiometers (Seca type 213 stadiometer, Invicta Plastics Ltd, Leicester, UK), 158 
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measurements were recorded to the nearest 0.1 cm. Body weight was measured to the 159 

nearest 0.1 kg using the TANITA BC 420 SMA digital scale (TANITA Europe GmbH, 160 

Sindelfingen, Germany). Survey data was also collected regarding whether or not the 161 

children were members of a sports club and how much time was spent at these sports 162 

club weekly. This data was included in our analyses as organized or structured PA has 163 

been suggested as an important contributor to motor competency (Burgi, 2011; 164 

Jaakkola et al., 2009; Vandorpe et al., 2012) In Germany, having a sports club 165 

membership in this young age group generally means that children focus on learning to 166 

perform fundamental movements skills (i.e. running, jumping, climbing, swinging, 167 

balancing and basics in ball games etc.) rather than sports specific training. Courses in 168 

sports clubs usually comprise about 30 to 45 minutes of supervised activities. Because 169 

sports club membership is not mandatory in Germany, some children do not attend any 170 

sports club while others attend more than one sports club per week. As such, children in 171 

this analysis were divided into three categories according to parent reports of average 172 

time spent at a sports club per week. These categories were: no time a sports club, 30 173 

min – <90 mins per week or ≥90 mins or above per week. Additional survey data was 174 

collected on parental education. 175 

Assessment of Motor Abilities  176 

Motor abilities were assessed using five test items including: shuttle run (SR), 177 

standing long jump (SLJ), lateral jumping (LJ), one leg stand (OLS) and sit and reach 178 

(SAR); details below. The SR test was used to assess movement speed, measured as 179 

time (seconds) taken to run from one marked box to another, placed 4 meters apart, two 180 

separate times for a total of 16 meters (4 X 4 meters). Each child performed this test 181 
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once, a faster time indicates better performance on this test. The SLJ test was used to 182 

assess speed strength, measured as the maximal distance jumped (cm) with two feet; 183 

distance was measured from the starting line to the back of the heel. Children were 184 

given one practice trial then two test trials of which the furthest jump was recorded. The 185 

LJ test was used to evaluate strength endurance and coordination and was quantified 186 

as the number of successfully completed 2-foot jumps over a beam. Two 15-second 187 

trials were completed by each child and the sum of the number of jumps for each trial 188 

was recorded. The OLS test was used to quantify static balance, measured as the 189 

number of times the free leg touched down within 1 minute while standing on a wooden 190 

bar (5 cm high). Each child performed this test once, a greater number of touchdowns 191 

on this test would indicate poorer performance. Finally, the SAR test was used to 192 

assess hip and hamstring flexibility by recording the furthest distance (cm) reached with 193 

both hands while seated and legs extended. Each child performed this test once, a 194 

negative distance would indicate that the child did not reach past the level of their feet. 195 

All tests were administered according to instructions provided in an assessment manual 196 

(Klein et al., 2012) by one of two trained study nurses. The two study nurses were 197 

trained in a one-day workshop by two of the co-authors of this study. Approximately five 198 

children at a time were asked to enter the movement room to perform the test. These 199 

children were then tested individually while the others waited in the same room. Results 200 

were recorded separately for each test. Children who successfully completed at least 201 

one of the five tests were included in this analysis. 202 

Physical Activity Measurements  203 
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GENEActiv accelerometers (ActivInsight Ltd. Kimbolton UK) were used to obtain an 204 

objective measurement of daily levels of PA. This device contains a triaxial 205 

accelerometer with a dynamic range of 8 g, a 12-bit resolution and has previously 206 

been calibrated and used to assess PA in preschool-aged populations (Roscoe et al., 207 

2017; Steenbock et al., 2019). Devices were initialized according to manufacturer’s 208 

instructions and data was collected at 100 Hz. Written instructions detailing the protocol 209 

were given to parents and a logbook was provided for recording periods when the 210 

device was not worn (e.g bathing, swimming). Children wore an accelerometer on their 211 

left wrist (which is the non-dominant wrist for the vast majority of children; however, 212 

previous studies only revealed marginal differences for wearing the accelerometer on 213 

the non-dominant vs. the dominant wrist in this age group (Steenbock et al., 2019). The 214 

accelerometer was secured with Tyvek wristbands (DuPont de Nemours, Inc., Wilmington, Delaware, 215 

United States), for a period of 7 days, 24 hours per day; upon return of the device, data 216 

was downloaded using the GENEActiv software (version 2.2; ActivInsight Ltd., Kimbolton 217 

United Kingdom). The R software, (version 3.4.3; R Core Team, Vienna, Austria), package 218 

“GENEAread” (Fang et al., 2019) was used to process raw data files. First, data 219 

collected between 7 pm and 7 am was removed to exclude sleep time from analysis. 220 

Following this, periods of non-wear time were identified using range and standard 221 

deviation of the raw acceleration value over 60-minute moving windows with 15-minute 222 

increments as done previously (Sabia et al., 2014; van Hees et al., 2013). A window 223 

was classified as non-wear time if the range of the acceleration value was less than 224 

50mg or if the standard deviation was less than 13.0 mg for at least 2 out of the 3 axes 225 

(Sabia et al., 2014). Children with a minimum wear time of 8 hours per day on at least 3 226 
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days were included in the analysis as done previously (Barnett et al., 2017). Energy 227 

expenditure (EE) in kilojoules was predicted from raw acceleration data using a random 228 

forest model trained on data from preschoolers wearing spirometry devices (Steenbock 229 

et al., 2019). The resulting estimated EE values were used to determine time spent in 230 

TPA (≥7-10 kJ/min) and MVPA (>10 kJ/min). As there are no standardized cutpoints for 231 

this age group, these cutpoints were chosen based on previous studies within 232 

preschool-aged populations (Brandes et al., 2018; Byun et al., 2016; Roscoe et al., 233 

2017). As current PA recommendations for children highlight the importance of MVPA 234 

and TPA, these variables were chosen for part of the analysis. The mean amount of 235 

time spent in MVPA and TPA was calculated for each participant. Subsequently, this 236 

data was then used to determine whether or not children met the current WHO 237 

guidelines for their age group. For children aged 3-4 years, meeting the WHO 238 

guidelines required that they acquired a minimum of 180 minutes of any type of PA, of 239 

which at least 60 minutes was spent in MVPA. Children aged 5 years were required to 240 

have a minimum of 60 mins of MVPA in order to meet WHO guidelines. Lastly, the 241 

percentage of total physical activity time that was spent in MVPA (%MVPA of TPA) was 242 

calculated as mean MVPA divided by mean TPA multiplied by 100. This variable was 243 

chosen to assess whether spending a greater percentage of their active time in higher 244 

intensity PA (MVPA) had a different association with motor ability performance than 245 

mean minutes of TPA or MVPA. Therefore, our analysis included four different PA 246 

variables; mean MVPA (mins), mean TPA (mins), mean percentage of active time spent 247 

in MVPA (%MVPA of TPA), and whether or not children met the current WHO 248 

guidelines for their appropriate age group.  249 
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 250 

Study Sample 251 

These analyses include a subsample of the 831 children included in the 252 

“JolinchenKids- Fit and healthy in daycare” study for whom accelerometery data was 253 

collected (N=217). Of these, 24 children were excluded because they were under 3 254 

years of age (n=4), did not complete any motor ability tests (n=2) or did not meet wear 255 

time criterion for the accelerometer data (n=18). Thus, the final sample size for our 256 

analyses included 193 children aged 3-6 years old.  257 

Statistical Analyses 258 

Descriptive statistics were calculated to describe the study participant 259 

characteristics, motor ability tests and PA variables (proportions; means and standard 260 

deviations). We conducted linear regression models to investigate the association 261 

between each of the four PA variables (MVPA, TPA, %MVPA of TPA and WHO 262 

guidelines) with performance on each motor ability test (SR, SLJ, LJ, OLS, SAR) 263 

considered as dependent variables for a total of 20 linear regression analyses. Prior to 264 

this step, we conducted linear regressions investigating the association only of age, sex, 265 

height, parental education, and time spent at a sports club with each motor ability to 266 

illustrate the strength of the association between these covariates and individual motor 267 

abilities that are used for adjustment with regard to PA variables. MVPA, TPA and WHO 268 

guideline models were adjusted for mean mins of wear time and the %MVPA of TPA 269 

model was adjusted for %TPA to account for variation in wear time. Goodness-of-fit was 270 

evaluated in terms of adjusted R² to compare models before and after inclusion of PA 271 

variables. Level of significance was set to α = 0.05 to obtain 95% confidence limits 272 
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(95%CL) as a precision measure of beta estimates. All statistical analyses were 273 

conducted in SPSS (version 26.0; IBM Corp. Armonk, NY, USA). 274 

Results  275 

 Descriptive characteristics for age, anthropometry, motor ability tests and 276 

physical activity of the final study sample are reported in Table 1. In general, boys and 277 

girls had similar performance on the motor ability tests, however boys jumped further on 278 

the SLJ test (76.0 cm) compared to girls (69.6 cm) and girls reached further on the SAR 279 

test (3.8 cm) compared to boys (2.5 cm). Overall, boys had higher amounts of all PA 280 

measurements than girls, meaning boys had greater amounts of TPA, MVPA, %MVPA 281 

of TPA and met WHO guidelines more often than girls. However, more girls reported 282 

having a sports club membership than boys (Table 2). 283 

Results from the regression analyses on the associations between each PA variable 284 

and each motor ability test are presented in Table 3. All models for SAR did not show a 285 

substantial goodness-of-fit (adj. R² ranging from 0.02 to 0.04) and therefore will not be 286 

presented and discussed further. TPA, MVPA, %MVPA of TPA and Meeting WHO 287 

guidelines were not significantly associated with performance on any of the motor ability 288 

tests. Due to the exploratory nature of this study, linear regression models which 289 

included only covariates and no measure of PA were examined. They showed a 290 

significant association of age with performance on motor ability tests. Time spent at a 291 

sports club was a significant contributor for the OLS model, specifically spending 30 -90 292 

mins per week at a sports club was associated with less touchdowns during the OLS 293 

test. A higher parental education score showed a significant association with decreased 294 

performance on the SR tests and nonsignificant but substantial associations with 295 
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decreased performance on SLJ, and LJ tests. Overall, goodness-of-fit only marginally 296 

improved or did not change at all after inclusion of PA variables in all models (Table 3). 297 

Discussion 298 

The importance of motor competency (Robinson et al., 2015; Stodden et al., 2008) 299 

and physical activity (Carson et al., 2017) during early childhood is well established, and 300 

a relationship between motor competency and PA in preschool-aged children is 301 

apparent (Barnettet al., 2016a; Figueroa & An, 2017; Holfelder & Schott, 2014; Jones et 302 

al., 2020). This study aimed to investigate this relationship further with specific analyses 303 

to explore the association between individual motor abilities and four different measures 304 

of physical activity derived from wrist-worn accelerometers. As outlined in the 305 

introduction we view motor abilities as the general traits or abilities underlying the 306 

performance of fundamental movement skill while physical fitness refers to the ability to 307 

carry out daily tasks and perform physical activities in a highly functional state.  Our 308 

results showed no statistically significant or rather substantial association between PA 309 

variables and individual motor abilities. These findings indicate that the covariates used 310 

to adjust the regression model i.e. for age, sex, height, parental education and time 311 

spent at a sports club, have a greater impact on the motor abilities in our sample of 312 

preschool-aged children. 313 

Results from our study were not similar to previous studies that reported a significant 314 

relationship between measures of PA and performance on similar motor ability tests of 315 

speed and agility (Kambas et al., 2012; Wrotniak et al., 2006), lower leg explosive 316 

strength (i.e. SLJ) (Wrotniak et al., 2006), or balance (Kambas et al., 2012). However, 317 

these previous studies were conducted using correlational analyses; clearly when 318 
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interpreting the relationship between PA and motor abilities, the type of analyses 319 

conducted (correlation versus regression) should be carefully considered. Regression 320 

analysis can provide greater insight as it enables researchers to adjust the association 321 

for multiple confounding factors. Differences in PA measurements also limit the 322 

comparability across studies as Kambas et al. (2012) used pedometer derived steps to 323 

measure PA and Wrotniak et al. (2006) used a different accelerometer with different cut-324 

off points to determine PA. Additionally, our study population was slightly younger than 325 

that of these previous studies as Kambas et al. (2012) studied 5 -6-year olds and 326 

Wrotniak et al. (2006) investigated 8 – 10-year olds. Loprinzi and Frith (2017) also found 327 

no significant association between meeting PA guidelines and motor skills scores in 328 

children aged 3 – 5, however they used composite scores in their regression analyses. 329 

Iivonen et al. (2013) also found no significant association between MVPA and 330 

performance on the SLJ test in 4-year-old children however, they found that other 331 

individual test items, including OLS, were significantly associated with MVPA. Other 332 

studies have shown mixed results regarding associations between PA and different 333 

measures of motor abilities. One study found that higher total skills score and locomotor 334 

skills score was significantly associated with increased time spent in vigorous PA but 335 

not MVPA or TPA (Webster et al., 2019) while others reported significant associations 336 

between similar tests of motor abilities and measures of PA (Fang et al., 2017; 337 

Leppanen et al., 2018). However, these studies slightly differ from ours; for example, 338 

Leppanen et al. (2018) derived PA levels from doubly labelled water and Fang et al. 339 

(2017) and Webster et al., (2019) used composite motor competency scores in their 340 

analysis. Even though Leppanen et al. (2018) administered two of the tests used in the 341 
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present analysis (shuttle run and standing long jump), they aimed to measure physical 342 

fitness which highlights how inconsistent terminology can further complicate 343 

comparisons across studies. Furthermore, Webster et al., (2019) used measures of 344 

motor competency as the independent variable and PA measures as the dependent 345 

variable while our analysis used PA measures as independent variables and motor 346 

ability as dependent variables. Although our results showed no significant associations, 347 

the tendencies and directions of the associations as well as the strength of our models 348 

suggest that certain associations may warrant further investigation. Specifically, 349 

associations between TPA and meeting WHO guidelines for PA may be of interest for 350 

future research. The relationship between PA and individual skills in preschool-aged 351 

children has not yet been fully explored in the literature as authors frequently use 352 

composite scores in their analyses which hinders the ability to investigate the effect of 353 

PA on the development of specific skills during the early years (Holfelder & Schott, 354 

2014). Comparability across studies which implement different test batteries could be 355 

improved if future authors report relationships between PA and similar individual test 356 

items.  357 

Our results indicated that age was the strongest contributor to models predicting 358 

performance on SR, SLJ, LJ and OLS tests; older children had better performance on 359 

all of these tests. This is concurrent with the developmental model proposed by Stodden 360 

et al. (2008), which proposes that the relationship between PA and motor competency 361 

strengthens with age. Previous research has shown positive associations between 362 

motor competency during early childhood and PA levels during adolescence 363 

(Venetsanou & Kambas, 2017). Therefore, gaining a better understanding of PA levels 364 
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and motor abilities of preschoolers may be important for understanding PA and motor 365 

competency of children and youth (Stodden et al., 2014). Of particular concern was that 366 

over half of the children in our study did not meet the current WHO PA 367 

recommendations for their age group, which may have consequences for motor 368 

competency and PA levels in the future. 369 

An interesting result was discovered during our analyses regarding how much time 370 

children spent at a sports club. Spending an average of 30 to 90 minutes per week at a 371 

sports club was significantly associated with increased performance on the OLS test 372 

and results for SR and LJ tests showed substantial, but non-significant associations in 373 

the regression models in line with the age effect, highlighting a complex interplay 374 

between these factors. These results are supported in the literature as Klein (2011), 375 

Krombholz (2006) and Birnbaum et al. (2016) all found that having a sports club 376 

membership was associated with increased performance on similar motor ability tests. 377 

As mentioned previously, sports club participation among this young age group in 378 

Germany typically represents “gymnastics” or structured exercises geared towards 379 

fundamental movements such as crawling, running and jumping rather than sports 380 

specific exercises. Consequently, our findings suggest that the structured and guided 381 

PA obtained through sports clubs may be beneficial to the development of specific 382 

motor abilities during the early years – or expressed in other words: the quality of PA is 383 

at least as equally important as the quantity of PA in young children. This is in 384 

agreement with recent evidence which suggests that opportunities for guided instruction 385 

on specific movements improves motor abilities (Robinson et al., 2015), therefore 386 

having a sports club membership, or attending another form of guided PA sessions, 387 
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may provide important benefits for the development of motor abilities during the early 388 

years (Barnett et al., 2016a). 389 

Although our motor ability tests were selected because they require small amounts 390 

of time and limited materials, allowing for effective testing of large groups of children 391 

(Klein et al., 2012) the product-oriented scoring method only measures the final product 392 

of each test (i.e. distance jumped, total speed). This does not allow for qualitative, or 393 

“process-oriented” assessment of test performance. The addition of some qualitative 394 

measures (i.e. video analysis or subscales of performance on tests) to give more 395 

indication of emerging motor abilities may provide a more comprehensive 396 

representation of children’s motor ability. As suggested by Robinson et al. (2015), both 397 

process and product-oriented tests should be implemented in order to gain a more 398 

complete measure of children’s motor competency.  Inclusion of a measure of 399 

endurance or aerobic fitness level may be beneficial as cardiorespiratory fitness has 400 

also been associated with increased motor proficiency in this age group (Robinson et 401 

al., 2015).  402 

Further limitations are presented when working with this age group as certain 403 

children may have difficulties understanding the tasks; therefore, performance may 404 

have been reduced due to a lack of understanding rather than poor motor ability. As this 405 

was an initial concern of study investigators, careful instructions and demonstrations of 406 

each test were given to all children by the same trained study nurses to promote 407 

consistency across all testing sessions. The addition of perceived motor competency 408 

measures could provide further information needed to better understand children’s 409 

motor ability and participation in PA as studies have shown that children with higher 410 
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perceived motor competency are more likely to engage in higher levels of PA (Stodden 411 

et al., 2014). Due to the complex, multivariate nature of the relationship between motor 412 

competency and PA during the early years, future analyses should explore other 413 

accelerometer-derived variables such as predicted energy expenditure, bouts of MVPA 414 

or TPA, or sedentary time variables may provide additional information about the 415 

associations between motor competency and movement behaviours of preschool aged 416 

children. Additionally, researchers should investigate other measures of neurological 417 

development such as fine motor skills, coordination, dual tasking, as well as cognitive 418 

and social emotional development. Lastly, cross-sectional analysis limits the ability to 419 

investigate causal links between PA and motor ability. Previous research indicates that 420 

changes in motor abilities are driven by PA during childhood (Barnett et al., 2016b; 421 

Burgi, 2011) and that the relationship between motor competency and PA strengthens 422 

over time (Stodden et al., 2008), therefore longitudinal analyses are required to 423 

investigate the impact that motor competency and PA during the early years have later 424 

in life. Ultimately, the study sample in the present analysis was underpowered to 425 

provide statistical inference on the hypothesized associations. 426 

Despite certain limitations, the present study addresses a current gap in the 427 

literature as we provided a detailed analysis of the relationship between multiple 428 

measures of PA and individual motor ability tests which is in line with recommendations 429 

from Jones et al. (2020) and Holfelder and Schott (2014). An additional strength of this 430 

study is the use of objectively measured PA, as energy expenditure was predicted from 431 

raw accelerometer data using a model that was developed from children of the same 432 

age and country (Steenbock et al., 2019). 433 
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Conclusion 434 

 In conclusion, this study did not find statistically significant associations between 435 

multiple measures of PA and motor abilities, but other factors such as age and time 436 

spent at sports clubs seemed to be important factors. Further investigation is warranted 437 

to examine the development of motor abilities and whether environmental factors such 438 

as PA, parental education, and sports club membership can influence the process of 439 

motor ability development. We also recommend that future research should always 440 

include the quality of PA, and not only rely on quantity, especially when associations 441 

between PA and motor abilities is targeted.442 
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Table 1: Descriptive characteristics for the entire sample and by sex 443 

Note. negative values for SAR indicate that the children did not reach past their toes  444 

  
ALL (n = 193) GIRLS (n = 101) BOYS (n = 92) 

 n Mean SD Range Mean SD Range Mean SD Range 

Age  193 4.2 0.7 3.0 to 5.9 4.2 0.7 3.0 to 5.9 4.3 0.7 3.0 to 5.9 

Height (cm)  193 106 6.7 89.4 to 124 105 6.7 89.4 to 123 106 6.7      89.8 to 124 

Weight (kg) 193 16.8 3.2 10.1 to 34.2 16.5 2.8 10.1 to 29.5 17.1 3.5 11.0 to 34.2 

BMI z-score  193 - 0.62 1.3  - 5.0 to 3.4 - 0.56 1.1 - 2.8 to 2.6 -0.69 1.4     - 5.0 to 3.4 

Motor Ability Performance          

SR (seconds) 192 11.1 1.9  8.1 to 16.7 11.1 1.8 8.2 to 16.6 11.1 2.0 8.1 to 16.7 

SLJ (cm) 192 72.7 22.8    8 to 129 69.6 23.1 10.2 to 129 76.0 22.1 8 to 123 

LJ (# of jumps) 189 15.2 6.9  0 to 41 16.0 6.8 1 to 33 14.7 6.9 0 to 41 

OLS (# of touchdowns) 178 10.3 6.7  0 to 29 10.1 7.1 0 to 29 10.5 6.1 0 to 27 

SAR (cm)  192 3.2 4.1    -10 to 12 3.8 4.0 - 9 to12 2.5 4.2      -10 to 11 

Accelerometer Data           

MVPA (min/day) 193 72.4 29.0  22 to 184 63.0 22.2 23 to 147 83.8 32.0 22 to 184 

TPA (min/day) 193 249 61.2 129 to 451 242 58.1 154 to 451 255 64.0     129 to 442 

Wear Time (min/day) 193 616 37.5     503 to 703 615 39.4 503 to 695 617 36.1     522 to 703 

% TPA 193 40.3 9.7 20.8 to 74.2 39.4 9.5 24.6 to 74.2 41.3 10.0    20.8 to 67.5 

% MVPA of TPA  193 28.8 7.5   10.8 to 47.0 26.1 6.6 10.8 to 43.1 32.0 7.2    13.1 to 47.0 
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Table 2: Frequencies for parental education, sports club membership, PA guidelines  445 

Note. WHO guideline for 3-4 years = 180 mins of PA/day, including at least 60 mins of MVPA 446 
         WHO guidelines for 5+ years = at least 60 mins of MVPA per day 447 
         Whether or not children met WHO guidelines was determined using their average PA data 448 

 ALL (n = 193)  GIRLS (n = 
101) 

 BOYS (n = 92) 

 n %  n %  n % 

Parental Education Score          
Low 16 8  13 13  3 3 
Medium 104 54  59 58  45 49 
High 65 34  25 25  40 44 
Missing 8 4  4 4  4 4 

Sports club membership          
Yes 94 49  54 54  40 55 
No 97 50  46 45  51 44 
Missing 2 1  1 1  1 1 

Time at sports club 
(mins/week) 

 
  

 
  

 
 

No time 97 50  46 47  51 55 
>=30 mins - <90 mins 55 29  30 31  25 27 
>=90 mins 35 18  21 22  14 15 
Missing 6 3  4 4  2 2 

WHO guidelines          
yes 111 58  47 47  64 70 
no 82 42  54 54  28 30 
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 449 

Table 3: Linear regression models regressing all measures of PA on each motor ability test 450 

 451 

Note. 
 a
 Adjusted for Age, Sex, height, parental education, sports club time and Wear Time (mean mins) 452 

b 
Adjusted for Age, Sex, height, parental education, sports club time and %TPA 453 

Reference category for sex is Male, Reference category for Parental Education is “low” score. 454 
Reference category for sports club time is no time spent at sports clubs 455 
ß = Standardized Coefficients Beta, B = Unstandardized coefficients Beta, 95% CI = 95% Confidence Interval 456 

457 

 SR (seconds) SLJ (cm) LJ (# of Jumps) OLS (#of touchdowns) 

 
ß B 95% CI

 Adj 

R
2
 

ß B 95% CI 
Adj 

R
2
 

ß B 95% CI 
Adj 

R
2
 

ß B 95% CI 
Adj 
R

2
 

Model 1: No PA variable  .38    .42    .45    .24 
Age -0.45 -1.15 -1.64, -0.66  0.54 16.7 11.06, 22.42  0.71 6.51 4.89, 8.14  -0.47 -4.21 -6.10, -2.31  

Sex 0.01 0.47 -0.42, 0.51  -0.14 -6.22 -11.65, -0.79  0.05 0.62 -0.94, 2.18  -0.04 -0.45 -2.31, 1.40  
Height -0.19 -0.06 -0.11, -0.002  0.12 0.40 -0.22, 1.02  -0.09 -0.09 -0.27, 0.09  -0.04 -0.04 -0.25, 0.17  
Parental Education                
   Medium score 0.22 0.84 0.002, 1.67  -0.13 -6.08 -15.83, 3.68  -0.18 -2.37 -5.17, 0.42  0.05 0.63 -2.70, 3.95  
   High score 0.25 0.99 0.11, 1.87  -0.15 -6.98 -17.24, 3.28  -0.17 -2.38 -5.31, 0.56  0.02 0.25 -3.23, 3.72  
Sports Club Time                 
   ≥30 - < 90mins -0.03 -0.12 -0.64, 0.40  -0.01 -0.41 -6.46, 5.64  0.07 1.07 -0.68, 2.81  -0.18 -2.65 -4.73, -0.57  
   ≥90mins -0.08 -0.36 -0.98, 0.26  0.04 2.34 -4.89, 9.56  0.11 1.84 -0.23, 3.91  -0.01 -0.15 -2.53, 2.23  

Model 2:  MVPA
 
(mins) 

a
  .40    .42    .45    .24 

 
-0.04 -0.003 -0.01, 0.06  0.02 0.02 -0.09, 0.13  0.04 0.01 -0.02, 0.04  0.03 0.01 -0.03, 0.04  

Model 3:  TPA (mins) 
a
  .40    .42    .44    .25 

 
-0.004 0.00 -0.004, 0.004  -0.06 -0.02 -0.07, 0.02  0.02 0.002 -0.01, 0.01  0.10 0.01 -0.04, 0.03  

Model 4: %MVPA of TPA 
b
  .38    .43    .44    .24 

 
-0.04 -0.01 -0.05, 0.03  0.13 0.42 -0.04, 0.87  0.04 0.04 -0.09, 0.17  -0.08 -0.08 -0.23, 0.08  

Model 5:  Meeting WHO guidelines 
a
 .40    .42    .44    .24 

 
-0.04 -0.14 -0.61, 0.33  0.07 3.11 -2.51, 8.73  0.02 0.26 -1.36, 1.87  -0.03 -0.33 -2.25, 1.58  
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