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Abstract
Study aim: While there is wide debate around specialization in one sport, there is a lack of information about fitness levels and
motor competence of children participating in single or multiple sports.
Material and methods: The study involved 358 fifth-grade children who participated in a set of health-related fitness and motor
competence tests over two consecutive years. A subsample of children (n = 109) wore an accelerometer for seven consecutive
days. The independent samples t-test and ANCOVA were used to compare differences between single and multi-sport participants in study variables and changes between baseline and follow-up.
Results: Multi-sport participants performed better in shuttle run (baseline/follow-up; p = 0.001/p = 0.006), push-up
(p = 0.006/p = 0.036), and five leap tests (p = 0.001/p = 0.009) in baseline than single sport participants among boys. Likewise,
multi-sport participants showed significantly more improvement in the throwing and catching combination test between study
years among boys F1,159 = 3.570, p = 0.030. Among girls, no differences were found in any study variable between single and
multi-sport participants.
Conclusions: From the perspective of fitness and motor competence tests, there are no arguments for participating in just one
sport at an early age. Instead, multi-sport participants performed better than single sport participants in the majority of test
variables.

Keywords: Accelerometer – Physical fitness – Motor competence – Multi-sport – Single sport
– Longitudinal
Introduction
Participating in organized sports is an essential aspect
of life for many children and adolescents. Kokko et al. [32]
reported that approximately two-thirds of children and adolescents participated in sport club activities in many Western countries. For example, in Finland, organized sport is
based on involvement in sports clubs rather than in sports
academies or schools [20]. It has been acknowledged
that competitive sport has emerged as a change of focus
in youth sport from child-driven and recreational sport to
adult-driven, highly structured organized sport that is more
success and target oriented [3, 33]. This change has also
raised a debate whether young athletes should participate
in only one sport or multiple sports [1]. Early engagement
in single sport and involvement in competition before the
age of 12 has been considered as early specialization [34].
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In the junior sport field, there are many practitioners who
believe that early specialization is the necessary path when
developing elite athletes [43]. The contrasting approach is
categorized as late specialization (or sampling) and involves young athletes engaging in multiple sport activities
across childhood and early adolescence. Many practitioners follow the late specialization route and believe that it is
essential for future success [14].
The issue of participating in just one sport during early
childhood has sparked both positive and negative arguments. There are arguments that participating in just one
sport is associated with success at the junior level [24],
and it seems to be a prerequisite in some sports (e.g. figure skating and gymnastics) [14, 44]. Previous research
has also indicated that participation in a single sport promotes higher focus on athletic achievement [21]. Counterarguments highlight the negative aspects of one sport focused training such as less emphasis on the “fun” aspects
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of activities [21], higher risk of injuries [16], increases in
psychological stress or burnout [16], earlier drop-out [16],
social isolation [38] or suppression of comprehensive motor skill development. This, in turn, may negatively influence the achievement of optimal performance later in the
athlete’s career [25]. In addition, participation in a single
sport may not necessarily lead to success in the later athletic career, but instead is associated with many athletes
increasing their physical inactivity [42]. Recently, it was
found that participation in a single sport does not necessarily have superior task related performance (e.g. better
fitness test results) when compared to those who play several sports [31].
However, participating in multiple sports has been
highlighted to facilitate a repertoire of fundamental sports
skills [14]. Apart from physical development, other benefits are gained from participation in multiple sports [42].
Engaging in a wide range of sports activities as a young
person will promote diverse relationships and experiences
and promote physical activity options in adulthood [42].
Additionally, this can foster children’s intrinsic motivation, provide diverse social experiences and constrain the
tendency to be drawn into “specific sports culture” [42].
Research has demonstrated that young athletes may benefit from participation in multiple sports because it has the
capacity to foster a lifelong engagement in physical activity, provide a variety of enjoyable social experiences,
and lead to a lower frequency of injuries, dropouts and
mental problems [15]. Previous studies have shown that
participation in multiple sports is more likely to promote
a task climate that will nurture children’s interest in sport
and promote intrinsic motivation [42]. In addition, multi-sport engagement provides variability in the stimuli
for muscular and nervous systems across childhood and
adolescence. Boys (aged 10-12) participating in multiple
sports perform better in tests measuring maximal static
and explosive strength (standing broad jump), strength
test (knee push-up) and a test measuring speed and agility
(10 x 5-meter shuttle run) than boys participating in just
one sport [22]. However, in flexibility and cardiovascular endurance, there were no differences between single
and multi-sport participants. It has also been reported that
boys usually outperform girls in fitness tests, except mobility tests [12]. It is worth noting that similar differences
also exist at an earlier age [37].
Physical activity during leisure time has demonstrated
a strong association with health-related fitness [10], which
is typically formulated as an outcome of cardiorespiratory
endurance, muscular endurance, muscular strength, body
composition, and flexibility [9]. Furthermore, individuals
with higher levels of health-related fitness have a lower
risk for cardiovascular mortality [19] and morbidity [30].
In addition, health-related fitness is associated with skeletal [54] and mental health [51]. Motor competence is also
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an important factor to promote and sustain engagement
with physical activities during childhood and adolescence
[47] and is mediated by a relationship with proficiency in
fundamental motor skills (i.e. object control and locomotor skills). In addition to perceived competence, enjoyment
is a contributing factor to maintain the participation. Also,
drop-out may be partly explained by specializing in one
sport [17]. Previous research showed that among 10–12
year old boys, multiple sports participants performed better in gross motor coordination tests (motor quotient) than
single sport participants [22]. Without adequate levels of
motor competence, youth are less likely to be physically
fit [50]. In addition, higher motor competence has been
shown to be associated with lower levels of central obesity
[26].
While there is evidence related to competitive success in youth level between single and multi-sport participants, there is a gap in research investigating differences
in health-related physical fitness, motor competence and
moderate to vigorous physical activity between single or
multi-sport participants. Therefore, the aim of this study
was to investigate differences between single and multisport participants’ fitness and motor competence test
scores at baseline and follow-up and over two consecutive years. In addition, differences between boys and girls
in health-related fitness, motor competence, and physical
activity were analysed.

Material and methods
Participants
Data were collected from 37 different classes across
17 socio-demographically representative Finnish schools
in September 2017 and September 2018. In total, 1148
children (583 girls, 565 boys) aged 11–12 years at baseline (M = 11.3, SD = 0.3) participated in the study. From
this group, 715 participants were also involved in fitness
tests in both years and from a subsample of 550 participants, valid accelerometer data were collected. From 550
participants, 247 participants had valid accelerometer data
from both years. Participants’ stature was assessed to the
nearest 0.1 cm using portable measuring equipment. Body
mass was measured to the nearest 0.1 kg using a scale calibrated for barefooted children in light clothing. For each
participant, BMI was calculated, and transformed to a Zscore [11]. Mean BMI at baseline was 18.7 (SD 2.8) (girls
18.8 [2.8], boys 18.9 [2.7)].
Measures, design and procedures
The participants completed self-report questionnaires
at baseline and follow-up regarding involvement in organized sports. Researchers collected all questionnaire
data and clarified questions if children did not understand

Participating in different numbers of sports
them. The participants were asked the number of sports
they practised. Sport club participation was assessed with
the structured question “are you a participating member of
a sports club?” with answer options: yes, regularly; yes,
now and then; not at the moment, but I used to; and no,
and I have never been. Those who answered “yes, regularly” were considered as sport club participants. The answers were categorized into several groups including single sport and multi-sport participants (participants who
had either one sport or multiple sports at both baseline and
follow-up). Consequently, the final sample comprised 358
single and multi-sport participants who had valid fitness
test data from baseline and follow-up. In addition, valid
accelerometer data were obtained from 109 participants.
Ethics statement
Ethical approval was obtained from the University of
Jyväskylä ethical committee. Written parental consent and
child assent to complete the study were obtained before
participation.
Physical fitness tests and motor competency tests
The curl-up test assesses abdominal strength [28] and
has been found to be a reliable test for use with children
and adolescents [45]. In the curl-up test, the participant
performed as many curl-ups as possible with a maximum
set at 75 at the pace of a dictated pre-recorded sound signal. The participant started the test in a lying position, with
knees bent at 100 degrees, heels and feet on the mat and
arms straight, parallel to the trunk. Participants kept their
arms extended and using the abdominal muscles, they slid
their fingertips along the mat (8 cm) until they reached
the marker. The test ended due to stopping to rest, fatigue,
improper form or the end of the sound marker. The participant conducted the test once and the total number of
correctly performed curl-ups was recorded [40].
The push-up test has been recommended for assessing
upper body strength because there are no requirements for
equipment, several students can be tested at the same time,
and most students can perform at least one push-up [13].
The push-up test has been found to be a reliable method
for measuring upper body strength within youth [48]. The
participant completed as many defined form 90° degree
push-ups as possible in 60 seconds and the number of correctly performed push-ups was counted. Push-ups were
done under the supervision of researchers, who decided
whether or not the performance was accepted. Girls performed the test with a knee push-up test. The participants
performed the test once.
The assessment of cardiovascular fitness involved the
use of the 20-meter shuttle run test [36]. Participants continuously cover a shuttle distance of 20 meters between
two lines at the pace dictated by a pre-recorded sound
signal. The signal gets faster every minute. Participants
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continue until they can no longer maintain the current
pace. The number of completed shuttles was used as a variable in the analyses [34]. The participants had one try to
perform the test.
The throwing and catching combination test has been
developed in Finland for children aged 11–15 [28] and it
is reliable for measuring manipulative skills and upper
body strength for children without special needs [28].
Each participant throws a tennis ball 20 times at a square
of 1.5 meters × 1.5 meters (bottom of the square at the
height of 90 cm) and moves forward to catch the ball after
one bounce from the floor. The distance for throwing was
seven meters for fifth-grade girls and eight meters for boys
[28]. If the participant failed to catch the ball, the participant proceeded to the next throw and continued until
20 throws had been performed. There was no time limit to
perform the test. Successful throw-catches were counted
with a maximum score of 20. The participants had one try
to perform the test.
The five leaps test was used as a measure for muscular
strength of lower limbs and locomotor skills. This test is
widely used and reliable for measuring muscular strength
of the lower limbs and leaping skills [6]. A participant
takes five leaps, starting and finishing with both legs in
a parallel position. The total length of the five leaps is
measured in centimetres from the starting position to the
heel of the leg furthest back upon landing. Participants had
a possibility to perform the leap sequence twice and the
better result was recorded in the result sheet. All tests were
performed under the supervision of research staff members during a regular physical education lesson.
Moderate to vigorous physical activity
A subsample of 589 children was recruited in 2017,
and accelerometers were provided to each of these participants in both study years. Analyses of moderate-to-vigorous physical activity were restricted to 109 participants
who provided at least three days (two week days + one
weekend day) of valid accelerometer data in both study
years. Children were fitted with a wGT3X-BT Actigraph
accelerometer (Pensacola, FL) by trained researchers at
the beginning of the data collection period. Participants
were asked to wear the accelerometer for seven consecutive days (except for sleep time and water-based activities) on their right hip attached via an elastic belt. The
epoch length was set at 15 seconds and data were processed using the Actilife Lifestyle monitoring System,
version 6.12.1. Non-wear time was defined as 30 min of
consecutive zeros. Three-day measurement has proven
to be a reliable method when investigating physical activity [39]. A valid day was defined as recording at least
500 min of measured wear time between 07:00 and 23:00.
In previous studies, it has been demonstrated that at least
360 minutes should be measured for a valid day [7]. To
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avoid possible bias in physical activity levels, children
who provided three valid days of accelerometer data were
compared with those who provided four or more days. No
differences between moderate-to-vigorous physical activity levels were found. Standard cut-points were used to
define the mean daily percentage of time spent at various
intensities: sedentary (0–100 counts per minute [CPM]),
light (101–2295 CPM) and moderate-to-vigorous physical
activity (>2295 CPM) [7].
Statistical analyses
Descriptive statistics of the participants are shown in
Table 1. The following continuous variables were not approximately normally distributed: shuttle run test in 2017
and 2018 among girls and five leaps test among boys in
2018. Other variables were normally distributed. To determine whether there were differences in study variables between single and multi-sport participants, the independent
samples t-test was used. Cohen’s d was used to calculate
the effect size. To examine the mean differences between
single and multi-sport participants’ fitness test and motor
competence scores, we used a repeated measures analysis of covariance (ANCOVA), where baseline scores and
sex were included as covariates. Bonferroni correction
was used. The between-subjects factor in the analysis was
based on the variable of sport participation classification
(single/multiple sport participation). For all variables, all
assumptions for conducting repeated measures ANCOVA

were met: there was homogeneity of variance (assessed as
Levene’s test, p = 0.112–0.841) and no outliers were detected. Eta squared is reported for all the continuous variables as a measure of effect size. All statistical analyses
were performed with IBM SPSS Statistics 24.

Results
Demographics and distribution of participants in single
and multi-sport categories are presented in Table 1. Likewise, number of sports participated in in 2017 and 2018
are presented in Table 1.
Differences in test scores at baseline and follow-up
measurement points
Results (mean, SD) between different sport participation groups are reported in Table 2. Among boys,
multi-sport participants showed higher test scores in
shuttle run (baseline/follow-up; p = 0.001/p = 0.006),
push-up (p = 0.006/p = 0.036), and five leap tests
(p = 0.001/p = 0.009) than single sport participants at
baseline and follow-up measurement points. In addition,
multi-sport participants performed better in the curl-up
test at baseline than single sport participants (p = 0.021).
Among girls, no differences were found between different
sport participants.
Between boys and girls in single sport participants
group, there was a significant difference in push-ups

Table 1. Demographics (mean and SD) of sport participants in the baseline (n = 358), and moderate to vigorous physical activity between single and multi-sport participants (n = 109)
Single-sport participants (n = 176)

Multi-sport participants (n = 97)

Age [years]

11.27 (0.30)

11.21 (0.33)

Height [cm]

148.95 (6.96)

146.79 (6.24)

41.76 (7.58)

39.21 (6.5)

18.72 (2.53)

18.12 (2.34)

No of sports participated
in 2017

1 (0)

2.45 (0.69)

No of sports participated
in 2018

1 (0)

2.24 (0.56)

Weight
Body Mass Index

[kg/m2])

Moderate to vigorous physical activity
Single sport participants (n = 68)

Multi-sport participants (n = 41)

p

Cohen’s d

MVPA* (mins) 2017

60.9 (22.7)

68.7 (24.1)

0.119

0.33

MVPA (mins) 2018

60.0 (21.5)

64.9 (18.3)

0.262

0.24

Boys

Girls

MVPA (mins) 2017

69.9 (22.2)

63.3 (24.6)

0.044

0.28

MVPA (mins) 2018

65.8 (22.2)

58.8 (19.4)

0.045

0.33

* – moderate-to-vigorous physical activity.
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Table 2. Means, standard deviations, and main effects for group outcome measures (n = 168) of motor competence and fitness
test scores in 2017 and 2018, between different sport participants
Single sport participant boys
(n = 103)

Multi-sport participants boys
(n = 65)

p

Cohen’s d

Shuttle run test 20171

41.9 (19.7)

53.1 (19.8)

0.003

0.56

test 20181

44.5 (20.9)

56.3 (22.4)

0.004

0.54

5 leaps test 2017

7.8 (0.9)

8.2 (0.7)

0.036

0.5

5 leaps test 2018

8.3 (1.1)

8.7 (0.7)

0.006

0.44

Curl-up 2017

37.5 (20.5)

46.7 (21.9)

0.021

0.43

Curl-up 2018

42.8 (21.6)

50.2 (20.6)

0.060

0.35

Push-up 2017

18.4 (10.7)

23.8 (11.3)

0.009

0.49

Push-up 2018

15.8 (11.6)

24.3 (14.7)

0.001

0.64

Throwing catching test 2017

13.0 (4.3)

12.7 (4.9)

0.711

0.06

Throwing catching test 2018

13.5 (4.9)

15.2 (4.0)

0.051

0.38

Single sport participant girls
(n = 124)

Multi-sport participants girls
(n = 66)

p

Cohen’s d

Shuttle run test 2017

36.0 (14.4)

38.8 (16.4)

0.274

0.18

Shuttle run test 2018

40.7 (16.2)

46.9 (19.9)

0.059

0.34

5 leaps test 2017

7.9 (0.8)

7.8 (1.0)

0.846

0.11

5 leaps test 2018

8.2 (0.8)

8.5 (0.9)

0.184

0.35

Curl-up 2017

44.0 (22.5)

45.2 (24.0)

0.780

0.05

Curl-up 2018

44.3 (20.4)

49.0 (21.7)

0.192

0.22

Push-up 2017

26.8 (11.2)

28.9 (10.2)

0.273

0.19

Push-up 2018

24.3 (12.0)

26.4 (13.3)

0.334

0.16

Throwing-catching test 2017

10.3 (4.7)

10.0 (5.1)

0.756

0.06

Throwing-catching test 2018

13.5 (3.8)

13.4 (4.8)

0.896

0.02

Shuttle run

1

– number of shuttles.

(p < 0.001) at baseline and follow-up, and in the shuttle run (p = 0.027), curl-up (p = 0.05), and throwing and
catching combination tests (p < 0.001) at baseline, boys
having higher scores in the shuttle run test and the throwing and catching combination test, while girls had higher
scores in the push-up and curl-up tests. Among multi-sport
participants, boys had higher scores in the throwing and
catching test (p = 0.013) at baseline and in the shuttle run
test in both years (p < 0.001–0.032). Girls performed better in the push-up test (p = 0.022).
Changes in test scores between baseline and follow-up
Among boys, multi-sport participants had larger increases in throwing and catching combination test score
than single-sports participants, F1,159 = 3.570, p = 0.030.
Among girls, there were no differences between single and

multi-sport participants in change in scores. Among single
sport participants, boys had smaller decreases in push-up
test scores, F1,173 = 5.011, p = 0.026, than girls, and girls
had a larger increase in throwing and catching combination scores than boys, F1,173 = 6.930, p = 0.009.
Physical activity
A total of 109 children had valid accelerometer data
from both years. Results are presented in Table 1. Overall,
no differences were found between single and multi-sport
participation groups at baseline or follow-up in moderateto-vigorous physical activity. However, boys had higher
scores for moderate-to-vigorous physical activity at baseline (p = 0.044) and follow-up (p = 0.045) than girls. Furthermore, changes in moderate-to-vigorous physical activity between baseline and follow-up were not statistically
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significantly different between single and multi-sport participation groups or between boys and girls.

Discussion
The purposes of this study were to investigate differences between single and multi-sport participants’ fitness
test and motor competence a) test scores in baseline and
follow-up and b) test score changes between two consecutive years. Additionally, moderate to vigorous physical
activity was compared between single and multi-sport participants at baseline and follow-up. In addition, differences between boys and girls in health-related fitness, motor
competence, and physical activity were analysed.
Differences in fitness and motor competence tests
at baseline and follow-up
Overall, those who participated in multiple sports
performed better in the majority of the fitness test and
motor competence variables at baseline and follow-up.
Differences found in this study were in line with previous research [22], indicating that sampling various sports
strengthens the development of fitness and motor competence. It has been stated previously that participation in
one sport does not appear to improve the task-related performance outcomes of athletes when compared to multiple sport athletes [31]. In this study, better cardiovascular
and muscular fitness was one outcome of participating in
multiple sports, but it should be noted that it is not the
only benefit of multiple sports participation. According to
Côte [14], participating in multiple sports exposes children to a greater number of physical, cognitive, affective,
and psycho-social environments than participating only in
a single sport. The result demonstrating that participation
in several sports was more strongly associated with muscular fitness is an important finding because research has
shown that better muscular fitness may decrease children’s
susceptibility to sports-related injuries [18]. In addition,
it has been found that children’s muscular fitness levels
track into adulthood and are linked to future cardiovascular disease risk [23].
Differences in fitness and motor competence test
scores between boys and girls might be a result of variation in the types of sports in which the children participated. Whilst among boys, ball games (e.g. football)
are more favoured, among girls, aesthetic sports such as
gymnastics and dance are preferred [41]. In these sports,
physical requirements are different and may explain the
difference between boys and girls in fitness test scores.
In a previous study [46], ball game participants scored
higher in shuttle run and sprint tests, while gymnastics
participants performed better in sit-ups, even though the
results were not statistically significant when the training
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volume was considered in the analysis. In addition, it
should be noted that motives for participation in certain
sports are different. For boys, performance motives are
more important compared to girls, and this may drive
boys to apply more effort during the training [29]. At
the same time, girls participate in sports predominantly
because of social and health reasons [29] and are more
prone to seek enjoyment and feelings of competence [4].
In addition, sex may influence the experience of youth
sport specialization, as boys and girls may differ in
achieving developmental milestones [31].
Changes in test scores between baseline and follow-up
In this study, differences were found between multisport participants and single sport participants in change
in scores for boys on the throwing and catching test. It has
been reported that object control skills in childhood are
positively associated with adolescent moderate-to-vigorous physical activity [2]. Participating in multiple sports
appeared to support the maintenance of a higher level of
motor competence, since among single sport participants
the motor competence change score was lower. These differences may indicate that participating in multiple sports
develops motor skills in a more versatile way and this explains the difference in change in scores between single
and multi-sport participants.
Physical activity at baseline and follow-up
Boys had higher levels of moderate-to-vigorous physical activity than girls at both baseline and follow-up. This
is in line with previous studies highlighting the difference
in physical activity between boys and girls to reveal higher
levels for boys in early adolescence [52].
It is also notable that participation in one sport, in this
sample, did not mean lower levels of moderate-to-vigorous physical activity time despite practising just one
sport. It should be noted that daily moderate-to-vigorous
physical activity is facilitated by a range of physical activities apart from participation in organized sport [49].
While physical activity levels did not differ between single and multi-sport participants, it should be highlighted
that participation in organized sport does not mean that
recommended guidelines for physical activity are met.
In previous studies it has been shown that fewer than
one-fourth of youth sport participants obtained the recommended 60 minutes of moderate-to-vigorous physical
activity during practice [35]. Hence, it should be kept in
mind that the remainder comes from physical education,
unstructured play, and general human movement. While
the results of this study favours participation in multiple sports, it should be kept in mind that an excessive
amount of training may lead to negative consequences
such as fatigue, sleep disturbances, chronic muscle pain
and performance decline [8].
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Strengths and limitations
In this study, the sample size for health-related fitness
and motor competence tests was high enough to compare
participants with different participation status between
the study years. In addition, the accelerometer data were
sufficient to allow comparison of physical activity levels
between single and multi-sport participants. It is also not
known how many months per year children have spent
in their sport clubs. At the age of 12, children are usually in the developmental phase of their athletic career
and typically participate in their sport across the entire
calendar year [55]. While the number of training sessions
was not reported, moderate-to-vigorous physical activity time was reported for the subsample, and intensity of
participation was found to be similar within the different
sports. Furthermore, the competition level of participants
was not assessed. In most sports the competition level
is still regional, but for certain sports (e.g. gymnastics)
there may already be national level competitions. Hence,
the competitive seriousness of the participation may vary
between sports. Additionally, socioeconomic status was
not measured in this study, which limited the capacity to
contrast the current results with previous research that
reported that among girls there are associations between
socioeconomic status and physical fitness variables [53].
Motor competence was measured only via throwing and
catching, and hence it does not give a complete overview
of motor competencies since no kicking, skipping etc.
were measured. However, the five leaps test, which can
be seen as a part of lower body competence, was measured in this study. In the future, longer follow-up studies
of single and multiple sport participants could be done.
Also, tracking the objective physical activity levels of
single and multiple organized sport participants warrants
specific investigation.

Conclusions
The results from this study showed that participating in
multiple sports was related to higher performance among
boys in fitness and motor competence tests at the age of
11 and 12. This should serve as an impetus to encourage
children to play multiple sports rather than concentrating
on just one sport. In a recent study, it was found that participating in multiple activities was associated with higher
academic achievement in addition to typical cardiovascular fitness benefits [27]. While there was the support
of higher physical performance among multi-sport participants, a critical perspective to also consider is that involvement in multiple sports is associated with continuing
sport participation later in adolescence [5]. Also, coaches
should keep in mind the negative aspects of sports such as

overtraining and emotional exhaustion, which may lead to
earlier drop-out. Hence, in sport clubs it should be kept in
mind that engaging children in regular physical activity as
long as possible should be the most important objective.
Conflict of interest: Authors state no conflict of interest.
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