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 Temporal Trends of Linear Speed and Change of Direction 
Performance in Italian Children 

by 
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Caterina Cavallo 1,3, Agnese Pirazzi 1, Matteo Giuriato 1, Nicola Lovecchio 4 

Children tend to enjoy high-intensity activities that involve both linear speed (LS) and change of direction 
(COD), essential for sports performance. However, the results of trends in LS and COD have not been consistent over 
time. Therefore, our study aimed to investigate the temporal trends in LS and COD performance among 11–13 year old 
Italian children/preadolescents over 25 years, while minimizing the effect of anthropometric characteristics. A total of 
3884 students were recruited between 1990 and 2010 and performed 4 x 5-m shuttle run, 30-m sprint, and 60-m speed 
tests. A weighted linear regression was performed to analyze the overall temporal trends in BMI-adjusted speed tests. 
The results showed an increase in mean 4 x 5-m shuttle run time, indicating a decrease in COD ability, while LS 
performance remained relatively stable over time. These trends were consistent across genders and ages. Our study 
concludes that LS test performance remained steady over decades, while COD ability declined with sex-based variations 
despite participants' early age. Our results offer crucial data for interventions to improve children's physical fitness: in 
particular for COD performance. PE teachers and coaches should prioritize improving COD over LS to improve these 
abilities and prevent physical fitness decline. 
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Introduction 

Most physical activities performed among 
adolescents and children include high-intensity 
tasks requiring the production of anaerobic energy. 
Linear speed (LS) and change of direction (COD) 
are part of those activities, where COD tasks are 
known for being more demanding in terms of 
motor and balance control (Giuriato et al., 2021a; 
Zając et al;., 2022). Moreover, LS and COD abilities 
are usually associated with enhanced performance 
in sports (Howley, 2001). They can be assessed 
using various maximal or submaximal field-based 
running tests. Generally, children prefer exercises 
that require the attainment of their full potential, 
yet for short time intervals. For these reasons, 

physical education (PE) teachers and coaches 
prefer 30–50 m trials for assessing running speed 
due to their simplicity, efficiency and reliability, 
whether conducted indoors or outdoors (Ortega et 
al., 2023).  

During pre-adolescent and adolescent 
stages, general performance improves as a result of 
biological maturation, alongside an amelioration in 
spatiotemporal orientation skills and laterality, 
positively impacting both COD and LS abilities 
(Zouhal et al., 2018). Furthermore, tasks involving 
COD require greater movement of the body 
against gravity. Therefore, such tasks are more 
demanding for children with overweight or  
obesity, whose prevalence has been increasing  
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over time (Morano et al., 2016). Indeed, D’Hondt et 
al. (2011) demonstrated a negative association 
between gross motor coordination and weight  
status that progressively increased with age from  
childhood to adolescence. Additionally, some 
studies linked COD and LS abilities to 
performance markers (Giuriato et al., 2021b; Gupta 
et al., 2022; Howley, 2001; Luberecka et al., 2022). 
For these reasons, temporal trends in LS and COD 
should therefore reflect corresponding trends in 
population fitness and health. Consequently, this 
may be the key to promoting healthy lifestyles 
based on physical activity (PA) levels among 
youngsters, leading to the development of 
appropriate public health policies. 

In fact, there has been growing attention to 
secular trends or normative values about the 
physical fitness level of children and adolescents 
during growth (Ortega et al., 2023). In this context, 
many countries have provided a local description 
of how physical fitness changed across the years 
(Doyon et al., 2021; Hanssen-Doose et al., 2021; 
Lovecchio et al, 2019b). Also, some studies 
analyzed the physical fitness trends of Italian 
children and adolescents (Fiori et al., 2020; Giuriato 
et al., 2023a; Lovecchio et al., 2020) albeit with 
cardiorespiratory fitness as most evaluated 
(Lovecchio et al., 2022). However, our study 
considers another dimension of physical fitness, 
i.e., speed performance.  

Indeed, LS and COD abilities are crucial 
predictors of team sports performance (Giuriato et 
al., 2021a, 2023a) and also important health 
markers (Howley, 2001). To the best of our 
knowledge, only two Italian papers have 
investigated the aforementioned abilities along 20 
years or more (Lovecchio et al., 2022; Vandoni et 
al., 2022). 

Due to the growing interest in the 
assessment of temporal trends and the limited data 
on LS and COD abilities trends, our study aimed to 
provide information about these abilities in Italian 
middle-school students. Moreover, the few data 
that described the trends of speed and COD 
performance revealed rather incohesive secular 
trends over the last 40 years (Matton et al., 2007; 
Tambalis et al., 2011; Tomkinson et al., 2007). 
Different test choices and/or assessment 
procedures to evaluate COD and LS skills in 
children and adolescents may partly explain those 
results. Additionally, several studies showed that  
 

COD was influenced by different factors, such as 
anthropometric characteristics, maturation, muscle 
qualities (Giuriato et al., 2023b), and participation 
in PA after school (Giuriato et al., 2021b).  

Keeping this in perspective, the present 
analyses also attempted to “minimize” the effects 
of anthropometric characteristics and aimed to 
evaluate the real temporal trends in LS and COD 
abilities over 25 years. The purpose of this analysis 
was to examine how children’s abilities changed 
independently of the increase in fat mass that was 
recorded over the years.  

Therefore, the main aim of this study was 
to provide an updated overview of speed abilities 
by estimating temporal trends in field-based COD 
and LS tests for Italian children over two decades, 
since the authors believe that these abilities had a 
lower decline compared to other nations’ trends 
(Matton et al., 2007)  and to the cardiorespiratory 
fitness decline (Lovecchio and Zago, 2019). Three 
different speed tests (30-m, 60-m and 4 x 5-m 
shuttle run) were administered to evaluate the real 
temporal trend exclusive of anthropometric 
characteristics. 

Methods 
Participants 

A total of 3884 Italian children/pre-
adolescents (n = 2168 [56%] boys) aged 11–13 years 
were recruited across the period between 1990 and 
2010, from a single middle-high school in northern 
Italy in a suburb-area near Milan (rural). Children 
of both sexes were recruited according to the 
following inclusion criteria: no-previously known 
neurological/orthopedic or cardiovascular 
diseases, no illness that could affect growth, and/or 
their active participation in school PE classes, 
healthy and eligible to perform PE activities (as 
certified upon medical examination), participation 
in physical education classes during the academic 
years. 

Exclusion criteria were: orthopedic injuries 
during the last six months, any condition that 
would impede students from taking part in 
curricular PE classes, any medical condition that 
could hinder exercise participation. Parents or 
legal guardians read and signed written informed 
consent following a detailed description of the 
study procedures. Children expressed verbally 
their voluntary participation and were informed 
that they had the right to withdraw from the study 
at any point without repercussions. Participants  
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did not receive any additional credit or benefit in 
return for their participation. This study was 
approved by the Ex-Irre Lombardia (National  
Agency for Scholastic development; Ministry of 
Instruction and Research; Prot. 1523; Cod 123.1/6; 
approval date: 27 December 1997) and was 
conducted in accordance with the Declaration of 
Helsinki (JAMA, 2013). 

Measures 

Over the 20-year period, the same teacher 
assessed participants during two consecutive PE 
classes at the same time of the day (9:00 am to 1:00 
pm) and in the first month of every school year 
(between mid-September and mid-October). To 
avoid nutritional problems, all participants had 
only breakfast before entering school facilities. All 
testing sessions were conducted in the same gym, 
with regulated and fixed temperature, following 
the civic rules, between 19 and 21°C.  

Body mass and height were assessed 
according to the guidelines of the International 
Society for the Advancement of 
Kinanthropometry, i.e., with participants without 
shoes and while wearing light exercise clothes. 
Body mass was measured to the nearest 0.1 kg 
using a balance scale (Seca 864, Seca GmbH and 
Co., Hamburg, Germany), while body height was 
measured to the nearest 1 cm with a stadiometer 
(Seca 216, Seca GmbH and Co., Hamburg, 
Germany) and asking participants to stand upright 
with their head in the Frankfort plane. These 
variables were used to calculate the participants’ 
body mass index (BMI) using the following 
formula: body mass (kg) divided by squared body 
height (m2). 

Physical Fitness Tests 

The assessment protocol consisted of a 
series of comprehensive physical fitness tests 
usually administrated in school settings (Artero et 
al., 2011; Lovecchio et al., 2019b). Field tests 
included in the assessment protocol are considered 
valid and reliable tools to evaluate the physical 
fitness level in children and adolescents (Artero et 
al., 2011). Furthermore, these tests are 
standardized, inexpensive in terms of equipment 
needed, and simple to administrate (Ruiz et al., 
2011; Tomkinson and Olds, 2008). 

 

 

 
30-m Speed Test 

The participant performed a 30-m 
maximum speed test (ICC = 0.96) (Lovecchio et al., 
2020). The start and end points were marked on the 
floor to ensure the correct distance measurement.  
The execution time was measured using a 
stopwatch (Stopwatch W073, SEIKO, Tokyo, 
Japan) having a time resolution of 0.01 s. The 
assessor, who was the same for all testing, started 
the stopwatch after the cue “3, 2, 1, go” and 
stopped the measurement when the participant 
crossed the end-line with one foot. Worse 
performances were identified by higher time 
scores. To ensure a correct task execution, the 
assessor showed the participants how to perform 
the test. 

60-m Speed Test 

The 60-m speed test was performed on an 
athletic track marked on the outer borders of the 
gymnasium’s floor. For this test, participants were 
asked to run within the marked lane at their 
maximal speed. The test preparation, as well as the 
data collection, was similar to the procedure 
described in the previous paragraph. 

4 x 5-m Shuttle Run Test 

The 4 x 5-m shuttle run test was used to 
evaluate participants' COD ability. During this test, 
participants had to run back and forth four times 
along a 5-m track at the highest possible speed 
(shuttle run). The turn angle was 180° for every 
COD for a total of three shuttles (ICC = 0.90; 95% 
CI 0.75–0.97) (Artero et al., 2011; Ortega et al., 
2008). This test was used to investigate COD ability 
(Giuriato et al., 2021a) using the same stop-watch 
as indicated before. Every participant performed 
the test twice, however, only the better result was 
registered for further analysis. A higher execution 
time indicated a worse performance. To ensure a 
correct task execution, the assessor showed 
participants how to perform the test. The floor was 
checked after every participant to ensure a slip-
proof floor condition. 

Statistical Analysis 

All data were manually entered into a 
spreadsheet and were checked for transcription 
errors, making corrections where appropriate. The 
dataset was also controlled for outliers where the  
execution time was close to zero and/or over twice  
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the time of test-specific average performance (4 x 5 
m, 30 m, 60 m). Similarly to other studies (Hanssen-
Doose et al., 2021; Lovecchio et al., 2022), we first 
pooled the data into three-year study waves (e.g., 
1990–92, 1993–95, … 2008–10) and then stratified 
our analysis into test-sex-age-specific groups (e.g.,  
11-year-old boys tested on the 4 x 5 m). Firstly, we 
calculated the natural logarithm (ln) of the body 
mass index (BMI) and represented it graphically to 
describe its changes over the years. Figure 1 
illustrates this temporal trend for children aged 11–
13 years between 1990 and 2010, showing an 
increase in the BMI over time.  

For this reason, we executed a statistical 
analysis that considered the real trend of 
performance, adjusting the trends for 
anthropometric characteristics. The overall BMI-
adjusted temporal trends for 4 x 5-m shuttle run, 
30-m and 60-m speed tests were calculated using a 
weighted linear regression for each test-sex-age 
group as well as the corresponding 95% confidence 
interval (CI, obtained by multiplying the standard 
error of the regression coefficient per 1.96 
(Tomkinson et al., 2021)). All temporal trends were 
expressed in three standard metrics: (a) as absolute 
trends (i.e., the regression coefficient), (b) as 
percent trends (i.e., the regression coefficient was 
expressed as a percentage of the mean for all the 
values of the regression), and (c) as standardized 
(Cohen’s) effect sizes (ESs) (i.e., the regression 
coefficient divided by the SD for all values of the 
regression). ESs of 0.2, 0.5, and 0.8 were 
respectively used as thresholds for small, 
moderate, and large ES, with ES <0.2 considered 
negligible (Cohen, 1988). Positive temporal trends 
indicated an increased time to complete the task, 
consequently outlining a declined performance, 
while negative trends showed a decreased task 
execution time, hence indicating an improvement 
in performance. We also calculated weighted mean 
trends for boys, girls, and all children of both sexes 
by pooling the test-sex-age-specific trends using a 
post-stratification population weighting 
procedure. This helped adjust for sampling bias by 
incorporating the underlying population  
demographics. Population weights were obtained 
from the United Nations sex-age-specific 
population estimates for Italy in 2000 (United 
Nations, 2019). All analyses were performed in 
SPSS Statistics (v14, IBM, Chicago, IL, USA). 

 

 
Results 
Performance Trends in the 4 x 5-m Shuttle Run Test 

A significant large increase was observed 
in the mean 4 x 5-m shuttle run time (trend 
[95%CI]: 0.69 s [0.74, 0.64]; 9.15% [9.80, 8.50]; 1.36 
ES [1.46, 1.26]). Sex stratified analyses revealed  
large increases in execution time for boys (1.01 ES 
[1.13, 0.90]) and girls (1.66 ES [1.82, 1.50]).  

BMI-adjusted 4 x 5-m analyses showed 
that temporal trends improved with age, in 
particular the decline rate was slowing down with 
age in girls, while boys showed an increase (11 
compared to 13 years) after a slow decrease (12 
years). 

Performance Trends in the 30-m Speed Test  

With regard to 30-m speed test 
performance, analyses revealed negligible trends 
in the BMI-adjusted mean (0.00 s [0.03, −0.03]; 
0.01% [0.63, −0.62]; -0.01 ES [0.06, −0.07]) that were 
confirmed when stratified for boys (0.00 ES [0.04, 
−0.04]) and girls (0.00 ES [0.05, −0.05]). 

Performance Trends in the 60-m Speed Test 

Considering the BMI-adjusted mean, 
negligible trends were found in 60-m speed test 
performance (−0.10 s [−0.01, −0.11]; −0.90% [0.03, 
−1.83]; −0.07 ES [−0.01, −0.07]). In particular, 
negligible and small trends were found for boys 
(0.10 ES [0.26, −0.04]) and girls (−0.21 ES [0.04, 
−0.34]), respectively. 

Discussion 
The present investigation provides an 

update on age and sex-specific BMI-weighted LS 
and COD trends of Italian children. Our results 
demonstrate: i) a large increase in 4 x 5-m shuttle 
run time for both boys and girls according to BMI-
adjusted analyses, showing a slow decline with age 
in girls and an increase (11 compared to 13 years), 
after a slow decline (12 years), in boys; ii) a 
negligible trend in mean BMI-adjusted 30-m speed 
performance, denoting small changes over time 
when stratified for boys and girls, and iii) no 
difference in 60-m speed test performance between 
successive years according to BMI-adjusted mean 
values. The main objective of this study was to 
compare LS (30-m, 60-m test) and COD (4 x 5-m) 
performance among Northern Italian children 
aged between 11 and 13 years over a time span of  
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20 years (from 1990 to 2010). According to the 
current analysis, independently of the weighing 
variable (BMI) a decrease in performance over time 
was observed only in 4 x 5-m shuttle run 
performance for both girls and boys and in every 
age group. The stagnation of 30-m and 60-m speed 
test performance is in accordance with what was 
reported by Eberhardt et al. (2020), showing no  
differences over time in 30-m speed test 
performance. Moreover, Lovecchio et al. (2020) 
showed non-significant changes in speed test 
performance (the same 30-m speed test) from 2004  
 

 
to 2013 among Italian children (boys 5.18 + 0.46 s; 
girls 5.33 + 0.44 s). Similar findings were reported 
by Hanssen-Doose et al. (2021) who initially 
recorded a mild increase in physical fitness levels  
of German children and adolescents when 
comparing baseline results (2003–2006) to wave 1 
(2009–2012), however, their physical fitness levels 
remained the same between wave 1 and wave 2 
(2014–2017). Another study (Rosa et al., 2023) 
indicated that physical fitness levels of Portuguese 
children did not differ between 2008 and 2018. 

 

 

 
 
 

Table 1. Descriptive statistics for 4 x 5-m shuttle run, 30-m and 60-m sprint tests among 
northern Italian boys aged 11–13 years between 1984 and 2010. 

Boys 

   11  12  13 

 Years wave n Mean + SD n Mean + SD n Mean + SD 

4 x 5-m shuttle run test (s) 1984–86 53 7.38 + 0.39 60 7.27 + 0.73 38 7.02 + 0.36 

1987–89 69 7.32 + 0.41 94 7.12 + 0.38 129 6.88 + 0.45 
1990–92 79 7.34 + 0.50 70 7.02 + 0.39 58 6.87 + 0.36 
1993–95 74 7.31 + 0.42 66 7.09 + 0.59 64 6.9 + 0.45 
1996–98 85 7.44 + 0.50 64 7.25 + 0.41 82 6.90 + 0.37 
1999–01 92 7.53 + 0.51 72 7.31 + 0.52 75 7.11 + 0.51 
2002–04 72 7.43 + 0.48 81 7.29 + 0.52 73 6.96 + 0.44 
2005–07 110 7.66 + 0.60 105 7.50 + 0.61 91 7.22 + 0.54 
2008–09 77 7.98 + 0.67 81 7.64 + 0.59 65 7.53 + 0.61 

30-m sprint test (s) 1984–86 193 5.36 + 0.34 194 5.15 + 0.36 194 4.94 + 0.40 

1987–89 66 5.32 + 0.37 104 5.11 + 0.39 130 4.87 + 0.37 
1990–92 81 5.39 + 0.38 76 5.15 + 0.41 56 4.92 + 0.41 
1993–95 80 5.35 + 0.37 74 5.13 + 0.56 68 5.05 + 0.60 
1996–98 87 5.40 + 0.45 78 5.28 + 0.42 83 4.93 + 0.44 
1999–01 91 5.32 + 0.41 71 5.12 + 0.40 76 4.94 + 0.45 
2002–04 70 5.26 + 0.32 65 5.09 + 0.43 71 4.83 + 0.41 
2005–07 111 5.39 + 0.48 103 5.16 + 0.56 98 4.85 + 0.53 
2008–09 74 5.31 + 0.56 79 5.26 + 0.60 67 5.01 + 0.51 

60-m sprint test (s) 1984–86 193 10.33 + 0.74 194 9.93 + 0.82 192 9.50 + 0.93 

1987–89 66 10.34 + 0.82 104 9.87 + 0.95 130 9.29 + 0.84 
1990–92 82 10.58 + 0.89 76 10.01 + 0.93 56 9.60 + 0.92 
1993–95 80 10.32 + 0.82 74 10.07 + 1.78 66 9.62 + 1.31 
1996–98 87 10.67 + 1.15 78 10.31 + 0.97 81 9.54 + 1.04 
1999–01 90 10.35 + 0.98 71 9.90 + 0.98 75 9.48 + 0.95 
2002–04 67 10.31 + 0.84 65 9.90 + 0.86 67 9.32 + 0.85 
2005–07 111 10.51 + 1.02 103 10.04 + 1.24 98 9.31 + 1.19 
2008–09 74 10.46 + 1.18 79 10.18 + 1.26 67 9.69 + 1.07 

 
 
 



 by Matteo Vandoni et al. 3 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

 
 
 

Table 2. Descriptive statistics for 4 x 5-m shuttle run, 30-m and 60-m sprint tests among 
northern Italian girls aged 11–13 years between 1987 and 2010. 

Girls
   11  12  13 
 Year wave n Mean + SD n Mean + SD n Mean + SD 
4 x 5-m shuttle run test (s) 1984–86 28 7.48 + 0.40 29 7.25 + 0.27 37 7.24 + 0.33 

1987–89 77 7.54 + 0.43 63 7.38 + 0.39 78 7.25 + 0.39 
1990–92 62 7.66 + 0.46 74 7.43 + 0.42 95 7.33 + 0.49 
1993–95 64 7.60 + 0.37 52 7.60 + 0.46 75 7.34 + 0.46 
1996–98 90 7.94 + 0.58 70 7.71 + 0.67 91 7.40 + 0.46 
1999–01 70 7.78 + 0.55 95 7.54 + 0.51 80 7.53 + 0.62 
2002–04 90 7.91 + 0.56 88 7.85 + 0.66 78 7.62 + 0.54 
2005–07 88 8.27 + 0.52 68 8.00 + 0.58 74 7.89 + 0.53 

30-m sprint test (s) 2008–09 28 5.49 + 0.43 30 5.29 + 0.26 38 5.30 + 0.31 
1984–86 79 5.44 + 0.37 74 5.27 + 0.35 79 5.15 + 0.33 
1987–89 65 5.62 + 0.48 82 5.36 + 0.45 96 5.19 + 0.52 
1990–92 59 5.45 + 0.40 60 5.38 + 0.41 71 5.30 + 0.44 
1993–95 84 5.58 + 0.49 67 5.29 + 0.36 92 5.21 + 0.38 
1996–98 65 5.47 + 0.44 78 5.25 + 0.42 69 5.36 + 0.47 
1999–01 86 5.41 + 0.39 91 5.27 + 0.39 85 5.15 + 0.34 
2002–04 85 5.57 + 0.45 63 5.41 + 0.43 72 5.25 + 0.41 

60-m sprint test (s) 2005–07 28 11.20 + 1.61 30 10.29 + 0.65 38 10.29 + 0.69 
2008–09 79 10.74 + 0.87 73 10.25 + 0.88 79 10.28 + 1.33 
1984–86 66 11.21 + 1.38 82 10.48 + 1.09 96 10.12 + 1.14 
1987–89 59 10.76 + 0.77 60 10.45 + 0.88 69 10.45 + 1.48 
1990–92 84 10.95 + 1.20 68 10.41 + 0.90 92 10.11 + 0.86 
1993–95 61 10.76 + 0.99 75 10.20 + 0.95 65 10.51 + 1.16 
1996–98 86 10.59 + 0.82 91 10.30 + 0.81 85 9.96 + 0.86 
1999–01 85 10.87 + 0.97 63 10.56 + 1.02 72 10.07 + 0.86 

 
 
 
 
 
 

Table 3. Temporal trends in means for BMI-adjusted 4 x 5-m shuttle run time among 
northern Italian children aged 11–13 years between 1984 and 2010. 

    Trends in means (95% CI) 

 Gender Age N Absolute Percent Standardized ES 

BMI-adjusted 4 
x 5-m (s) 

Boys 11 711 0.57 (0.59–0.55) 7.57 (7.62–7.52) 1.05 (1.07–1.03) 
Boys 12 693 0.50 (0.51–0.49) 6.89 (6.94–6.84) 0.88 (0.90–0.86) 

Boys 13 764 0.56 (0.57–0.55) 7.78 (7.83–7.73) 1.11 (1.13–1.09) 

Girls 11 569 0.92 (0.94–0.90) 11.79 (11.84–11.74) 1.89 (1.91–0.87) 

Girls 12 539 0.76 (0.78–0.74) 10.02 (10.04–10.00) 1.50 (1.52–1.48) 

Girls 13 608 0.77 (0.78–0.76) 10.32 (10.33–10.31) 1.60 (1.62–1.58) 

Notes: Positive trends indicated increases in time to perform the test (temporal declines in performance) and negative 
trends indicated declines in time to perform the test (temporal increases in performance) 
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Table 4. Temporal trends in means for BMI-adjusted 30-m sprint test time among northern 
Italian children aged 11–13 years between 1984 and 2010. 

   Trends in means (95% CI) 

 Gender Age N Absolute Percent Standardized ES 

BMI-adjusted 
4 x 5 m (s) 

Boys 11 711 0.57 (0.59–0.55) 7.57 (7.62–7.52) 1.05 (1.07–1.03) 
Boys 12 693 0.50 (0.51–0.49) 6.89 (6.94–6.84) 0.88 (0.90–0.86) 

Boys 13 764 0.56 (0.57–0.55) 7.78 (7.83–7.73) 1.11 (1.13–1.09) 

Girls 11 569 0.92 (0.94–0.90) 11.79 (11.84–11.74) 1.89 (1.91–0.87) 

Girls 12 539 0.76 (0.78–0.74) 10.02 (10.04–10.00) 1.50 (1.52–1.48) 

Girls 13 608 0.77 (0.78–0.76) 10.32 (10.33–10.31) 1.60 (1.62–1.58) 

Notes: Positive trends indicated increases in time to perform the test (temporal declines in performance) and negative 
trends indicated declines in time to perform the test (temporal increases in performance) 

 
 
 

Table 5. Temporal trends in means for BMI-adjusted 60-m sprint test time among northern 
Italian children aged 11–13 years between 1984 and 2010. 

    Trends in means (95% CI) 
 Gender Age N Absolute Percent Standardized ES 
BMI-adjusted 60 m (s) Boys 11 850 0.07 (0.08–0.06) 0.70 (0.85–0.55) 0.18 (0.19–0.17) 

Boys 12 842 0.13 (0.14–0.12) 1.35 (1.37–1.33) 0.14 (0.15–0.13) 
Boys 13 832 −0.03 (−0.03–−0.03) −0.32 (−0.33–0.31) −0.03 (−0.03–−0.03) 
Girls 11 549 −0.49 (−0.50–−0.51) −4.56 (−4.60–−4.52) −0.44 (−0.45–−0.43) 
Girls 12 542 0.01 (0.01–0.01) 0.95 (0.97–0.93) 0.01 (0.01–0.01) 
Girls 13 602 −0.21 (−0.22–−0.20) −2.07 (−2.09–−2.05) −0.20 (−0.21–−0.19) 

Notes: Positive trends indicated increases in time to perform the test (temporal declines in performance) and negative 
trends indicated declines in time to perform the test (temporal increases in performance) 

 
 
 

 
Figure 1. Temporal trends in lnBMI for northern Italian children aged 11–13 years 

between 1984 and 2010.  
Note: A = Girls; B = Boys 
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The results of the 4 x 5-m shuttle run test 

underline a decrease in nonlinear speed 
performance across years (Matton et al., 2007; 
Tomkinson and Olds, 2007; Vandoni et al., 2022). 
Similar findings were obtained by Matton et al. 
(2007) that showed a decrease in 10 x 5-m shuttle 
run test performance over a time span of thirty-five 
years. Also Tambalis et al. (2011) showed a 
decrease in COD performance in Greek children 
from 1997 to 2007 which was coupled with an 
increase in the obesity status of this population. 
Despite the above-mentioned studies which are in 
accordance with our results, others showed stable 
or increased COD performances (Moliner-Urdiales 
et al., 2010), indicating unclear temporal trends 
with regard to COD ability. However, it should be 
acknowledged that the cited studies did not take 
into account participants’ anthropometric 
characteristics in their analyses, showing an 
influenced temporal trend. This gap raises a 
significant concern, as different BMI values of 
children could potentially explain the contrasting 
trends observed in these studies. Indeed, 
anthropometric measures are an important 
indicator of physical fitness (Gatti et al., 2023; 
Lovecchio and Zago, 2019). Basterfield et al. (2022) 
reported how children’s BMI and 20-m shuttle run 
test performance changed adversely over one year 
from October 2019 to November 2020, 
demonstrating the influence of the BMI on 
performance.  

On the other hand, the difference in trends 
related to 4 x 5-m shuttle run and LS tests may be 
associated with an increase in sedentary behaviors 
along with a reduction in PA levels that have been 
recorded worldwide (Currie et al., 2012). In fact, 
organized PA could be the first performance 
predictor in the 4 x 5-m shuttle run test, showing 
that this type of activity is fundamental for the 
adequate development of motor abilities while 
growing (Morano et al., 2016). Probably non-linear 
tests, as is the 4 x 5-m shuttle run task, may be more 
affected by a decrease in PA levels (Guthold et al., 
2018) when compared to linear speed tests such as 
the 30-m and 60-m tests. Indeed, 30-m and 60-m 
linear speed requires less motor coordination and 
balance control. In fact, coordination and PA are 
strictly related: some studies showed strong 
evidence for a positive association between motor 
coordination and the amount of PA practice 
(Giuriato et al., 2021b), suggesting that a reduced  
 

PA level together with an increased sedentary 
behavior may negatively influence 4 x 5-m shuttle 
run test performance over the years. Another 
possible explanation for the different results found 
in the 4 x 5-m shuttle run and the LS test could be 
related to different requirements in terms of 
coordination and effort levels. From a 
physiological point of view, the 4 x 5-m shuttle run 
test requires a mixture of physical abilities 
(Sheppard and Young, 2006), including balance, 
strength, and power, as noted by McBurnie and 
Dos’Santos (2022), which are different from 
physiological demands of LS tests. 

The strengths of this study include the 
large sample size and the use of valid and reliable 
tests (4 x 5-m shuttle run, 30-m and 60-m speed 
tests) to assess LS and COD abilities in adolescents 
(Carnevale Pellino et al., 2020). Additionally, this 
research model could be employed to investigate 
LS and COD abilities of other populations 
presenting different networks of social, behavioral, 
psychosocial, and psychological factors.  

The current study also displays some 
limitations. Firstly, the lack of body composition 
information did not allow an in-depth data 
analysis limiting our results to the use of BMI-
adjusted variables. Secondly, the sample size was 
only composed of Caucasian participants recruited 
from one school in northern Italy, therefore the 
results may not apply to other demographic 
groups or countries. Another possible limitation is 
the lack of detailed information about children’s 
PA levels. However, it is important to note that the 
IPAQ questionnaire, which is commonly used to 
evaluate PA levels, was developed between 1997 
and 1998 (Craig et al., 2003), while the Italian 
version was validated only in 2010 (Mannocci et 
al., 2010). Therefore, it was impossible to evaluate 
PA levels before that year. Finally, even though our 
data include 25 years of evaluation, they only 
extend up to 2009. As a result, they may not 
accurately reflect current performance of middle-
school students. Therefore, further collaboration 
among coaches and PE teachers is crucial to update 
LS and COD trends in the last decade, especially 
after the COVID-19 restrictions. 

Conclusions 
In conclusion, our results show that 

performance levels in LS tests did not decline over 
decades, while COD ability, assessed with the 4 x  
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5-m shuttle run test, revealed a decline in 
performance that varied according to participants’  
sex despite their early age. Furthermore, the 
current results provide objective data on physical 
performance, which is crucial for changing 
knowledge based on a subjective mindset. Also, 
such data lead to an in-depth understanding of the 
specific activities in which we can intervene 
effectively to improve physical fitness, and 
consequently, children’s health status. Moreover,  

 
since the 4 x 5-m shuttle run test is an ecological 
test that simulates a sport-specific scenario, PE 
teachers and coaches should take its performance-
related decline into account. They should consider 
spending some of their limited teaching and 
coaching hours strategically, focusing on 
improving COD ability rather than LS to prevent 
further decline in performance and physical fitness 
levels. 

 

Author Contributions: Conceptualization: M.V.; methodology: N.L.; software: A.G. and M.G.; validation: 
M.V., M.G. and N.L.; formal analysis: A.G.; investigation: V.C.P.; resources: M.V.; data curation: A.G.; 
writing—original draft preparation: V.C.P., A.G., C.C. and A.P.; writing—review and editing: M.V., M.G. and 
N.L.; visualization: M.V.; supervision: M.V.; project administration: N.L. All authors have read and agreed to 
the published version of the manuscript. 

Funding Information: This research received no external funding. 

Institutional Review Board Statement: This study was approved by the Ex-Irre Lombardia (National Agency 
for Scholastic development; Ministry of Instruction and Research; Prot. 1523; Cod 123.1/6; approval date: 27 
December 1997) and was conducted in accordance with the Declaration of Helsinki (JAMA, 2013). 

Informed Consent: Informed consent was obtained from all participants included in the study. 

Conflicts of Interest: The authors declare no conflict of interest. 

Received: 09 September 2023 

Accepted: 06 June 2024 

 

 

References 
Artero, E. G., Espaa-Romero, V., Castro-Piero, J., Ortega, F. B., Suni, J., Castillo-Garzon, M. J., and Ruiz, J. R. 

(2011). Reliability of field-based fitness tests in youth. International Journal of Sports Medicine, 32(3), 159–
169. https://doi.org/10.1055/s-0030-1268488 

Basterfield, L., Burn, N. L., Galna, B., Batten, H., Goffe, L., Karoblyte, G., Lawn, M., and Weston, K. L. (2022). 
Changes in children’s physical fitness, BMI and health-related quality of life after the first 2020 
COVID-19 lockdown in England: A longitudinal study. Journal of Sports Sciences, 40(10), 1088–1096. 
https://doi.org/10.1080/02640414.2022.2047504 

Carnevale Pellino, V., Giuriato, M., Ceccarelli, G., Codella, R., Vandoni, M., Lovecchio, N., and Nevill, A. M. 
(2020). Explosive Strength Modeling in Children: Trends According to Growth and Prediction 
Equation. Applied Sciences, 10(18), 6430. https://doi.org/10.3390/app10186430 

Craig, C. L., Marshall, A. L., Sjöström, M., Bauman, A. E., Booth, M. L., Ainsworth, B. E., Pratt, M., Ekelund, 
U., Yngve, A., Sallis, J. F., and Oja, P. (2003). International physical activity questionnaire: 12-country 
reliability and validity. Medicine and Science in Sports and Exercise, 35(8), 1381–1395. 
https://doi.org/10.1249/01.MSS.0000078924.61453.FB 

Currie, C., Zanotti, C., Morgan, A., Currie, D., de Looze, M., Roberts, C., Samdal, O., Smith, O. R. F., and 
Barnekow, V. (2012). Social determinants of health and well-being among young people: Health Behaviour in 
School-aged Children (HBSC) study: International report from the 2009/2010 survey. World Health 
Organization. Regional Office for Europe. 

 
 



20  Temporal trends of linear speed and change of direction performance in Italian children 

Journal of Human Kinetics, volume 95, January 2025 http://www.johk.pl 

 
D’Hondt, E., Deforche, B., Vaeyens, R., Vandorpe, B., Vandendriessche, J., Pion, J., Philippaerts, R., de 

Bourdeaudhuij, I., and Lenoir, M. (2011). Gross motor coordination in relation to weight status and  
age in 5- to  12-year-old boys and girls: A cross-sectional study. International Journal of Pediatric Obesity : 
IJPO : An Official Journal of the  International Association for the Study of Obesity, 6(2–2), e556–64. 
https://doi.org/10.3109/17477166.2010.500388 

Doyon, C. Y., Colley, R. C., Clarke, J., Janssen, I., Timmons, B. W., Tomkinson, G. R., Tremblay, M. S., and 
Lang, J. J. (2021). Trends in physical fitness among Canadian adults, 2007 to 2017. Health Reports, 32(11), 
3–15. https://doi.org/10.25318/82-003-x202101100001-eng 

Eberhardt, T., Niessner, C., Oriwol, D., Buchal, L., Worth, A., and Bös, K. (2020). Secular Trends in Physical 
Fitness of Children and Adolescents: A Review of Large-Scale Epidemiological Studies Published after 
2006. International Journal of Environmental Research and Public Health, 17(16), E5671. 
https://doi.org/10.3390/ijerph17165671 

Fiori, F., Bravo, G., Parpinel, M., Messina, G., Malavolta, R., and Lazzer, S. (2020). Relationship between body 
mass index and physical fitness in Italian prepubertal schoolchildren. PloS One, 15(5), e0233362. 
https://doi.org/10.1371/journal.pone.0233362 

Freitas, A. S., Figueiredo, A. J. B., de Freitas, A. L. R., Rodrigues, V. D., da Cunha, A. A. C., Deusdará, F. F., 
and Coelho E Silva, M. J. (2014). Biological Maturation, Body Morphology and Physical Performance 
in 8-16 year-old obese girls from Montes Claros—MG. Journal of Human Kinetics, 43, 169–176. 
https://doi.org/10.2478/hukin-2014-0102 

Gatti, A., Cudicio, A., Giuriato, M., and Lovecchio, N. (2023). Exploring shuttle run test performance and 
adiposity indices among Italian high school students: A comparative analysis with European norms. 
Journal of Physical Education and Sport, 23, 1982–1989. https://doi.org/10.7752/jpes.2023.08228 

Giuriato, M., Carnevale Pellino, V., Cavallo, C., Farronato, L., Pirazzi, A., Beghetto, A., Gross, F., Del Bianco, 
M., Gatti, A., Vandoni, M., and Lovecchio, N. (2023a). Physical fitness trend after COVID-19 
restrictions in Italian school-aged children: A cross-sectional study. Journal of Sports Medicine and 
Physical Fitness, 63(9), 995–1002. https://doi.org/10.23736/S0022-4707.23.14943-7 

Giuriato, M., Codella, R., Lovecchio, N., Carnevale Pellino, V., Vandoni, M., and Nevill, A. M. (2021a). Speed 
agility trends in children according to growth. Annals of Human Biology, 48(4), 271–279. 
https://doi.org/10.1080/03014460.2021.1928285 

Giuriato, M., Kawczynski, A., Mroczek, D., Lovecchio, N., and Nevill, A. (2021b). Allometric association 
between physical fitness test results, body size/shape, biological maturity, and time spent playing 
sports in adolescents. PloS One, 16(4), e0249626. https://doi.org/10.1371/journal.pone.0249626 

Giuriato, M., Pellino, V. C., Lovecchio, N., Codella, R., Vandoni, M., and Talpey, S. (2023b). Do maturation, 
anthropometrics and leg muscle qualities influence repeated change of direction performance in 
adolescent boys and girls? Biology of Sport, 40(4), 1033–1038. 
https://doi.org/10.5114/biolsport.2023.123322 

Gupta, S., Stanula, A., Goswami, A., Adhikari, A., Singh, A., and Ostrowski, A. (2022). Relationship between 
cycling speed and blood lactate level at various intervals following 1-km time trial cycling. 
Antropomotoryka. Journal of Kinesiology and Exercise Sciences, 98(32), 29–36. 
https://doi.org/10.5604/01.3001.0015.8589 

Guthold, R., Stevens, G. A., Riley, L. M., and Bull, F. C. (2018). Worldwide trends in insufficient physical 
activity from 2001 to 2016: A pooled analysis of 358 population-based surveys with 1·9 million 
participants. Lancet Global Health, 6(10), e1077–e1086. https://doi.org/10.1016/S2214-109X(18)30357-7 

Hanssen-Doose, A., Niessner, C., Oriwol, D., Bös, K., Woll, A., and Worth, A. (2021). Population-based trends 
in physical fitness of children and adolescents in Germany, 2003–2017. European Journal of Sport Science, 
21(8), 1204–1214. https://doi.org/10.1080/17461391.2020.1793003 

Howley, E. T. (2001). Type of activity: Resistance, aerobic and leisure versus occupational physical activity. 
Medicine and Science in Sports and Exercise, 33(6 Suppl), S364–S420. https://doi.org/10.1097/00005768-
200106001-00005 

 
 
 



 by Matteo Vandoni et al. 21 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

 
Kasović, M., Štefan, L., and Petrić, V. (2021). Secular trends in health-related physical fitness among 11–14-

year-old Croatian children and adolescents from 1999 to 2014. Scientific Reports, 11(1), 11039. 
https://doi.org/10.1038/s41598-021-90745-y 

Lovecchio, N., Giuriato, M., Pellino, V. C., Valarani, F., Codella, R., and Vandoni, M. (2020). Italian physical 
fitness decline: A true fact or a mindset? A 10-year observational perspective study. International 
Journal of Environmental Research and Public Health, 17(21), 8008. https://doi.org/10.3390/ijerph17218008 

Lovecchio, N., Giuriato, M., Zago, M., and Nevill, A. (2019a). Identifying the optimal body shape and 
composition associated with strength outcomes in children and adolescent according to place of 
residence: An allometric approach. Journal of Sports Sciences, 37(12), 1434–1441. 
https://doi.org/10.1080/02640414.2018.1562615 

Lovecchio, N., Novak, D., Sedlacek, J., Hamar, P., Milanovic, I., Radisavljevic-Janic, S., Emeljanovas, A., Eid, 
L., and Zago, M. (2019b). Physical fitness for sedentary students: A common trend from six European 
countries. Journal of Sports Medicine and Physical Fitness, 59(8), 1389–1396. 
https://doi.org/10.23736/S0022-4707.18.08926-0 

Lovecchio, N., Vandoni, M., Codella, R., Rovida, A., Carnevale Pellino, V., Giuriato, M., Klug, M. G., and 
Tomkinson, G. R. (2022). Trends in means and distributional characteristics of cardiorespiratory 
endurance performance for Italian children (1984–2010). Journal of Sports Sciences, 40(22), 2484–2490. 
https://doi.org/10.1080/02640414.2023.2165007 

Lovecchio, N., and Zago, M. (2019). Fitness differences according to BMI categories: A new point of view. 
Journal of Sports Medicine and Physical Fitness, 59(2), 298–303. https://doi.org/10.23736/S0022-
4707.18.08271-3 

Luberecka, A. (2022). The impact of plyometric training program on sprinting speed and jumping ability in 
american football players of a german amateur club. Journal of Kinesiology and Exercise Sciences, 99(32), 
18–25. https://doi.org/10.5604/01.3001.0015.9435 

Mannocci, A., Thiene, D., Cimmuto, A., Masala, D., Boccia, A., Vito, E., and La Torre, G. (2010). International 
Physical Activity Questionnaire: Validation and assessment in an Italian sample. International Journal 
of Public Health, 7, 369–376. https://doi.org/10.2427/5694 

Matton, L., Duvigneaud, N., Wijndaele, K., Philippaerts, R., Duquet, W., Beunen, G., Claessens, A. L., Thomis, 
M., and Lefevre, J. (2007). Secular trends in anthropometric characteristics, physical fitness, physical 
activity, and biological maturation in Flemish adolescents between 1969 and 2005. American Journal of 
Human Biology: The Official Journal of the Human Biology Council, 19(3), 345–357. 
https://doi.org/10.1002/ajhb.20592 

McBurnie, A. J., and Dos’Santos, T. (2022). Multidirectional Speed in Youth Soccer Players: Theoretical 
Underpinnings. Strength and Conditioning Journal, 44(1), 15–33. 
https://doi.org/10.1519/SSC.0000000000000658 

Moliner-Urdiales, D., Ruiz, J. R., Ortega, F. B., Jiménez-Pavón, D., Vicente-Rodriguez, G., Rey-López, J. P., 
Martínez-Gómez, D., Casajús, J. A., Mesana, M. I., Marcos, A., Noriega-Borge, M. J., Sjöström, M., 
Castillo, M. J., and Moreno, L. A. (2010). Secular trends in health-related physical fitness in Spanish 
adolescents: The AVENA and HELENA Studies. Journal of Science and Medicine in Sport, 13(6), 584–588. 
https://doi.org/10.1016/j.jsams.2010.03.004 

Morano, M., Rutigliano, I., Rago, A., Pettoello-Mantovani, M., and Campanozzi, A. (2016). A multicomponent, 
school-initiated obesity intervention to promote healthy lifestyles in children. Nutrition, 32(10), 1075–
1080. https://doi.org/10.1016/j.nut.2016.03.007 

Ortega, F. B., Artero, E. G., Ruiz, J. R., Vicente-Rodriguez, G., Bergman, P., Hagströmer, M., Ottevaere, C., 
Nagy, E., Konsta, O., Rey-López, J. P., Polito, A., Dietrich, S., Plada, M., Béghin, L., Manios, Y., 
Sjöström, M., and Castillo, M. J. (2008). Reliability of health-related physical fitness tests in European 
adolescents. The HELENA Study. International Journal of Obesity, 32, S49–S57. 
https://doi.org/10.1038/ijo.2008.183 

 
 
 
 



22  Temporal trends of linear speed and change of direction performance in Italian children 

Journal of Human Kinetics, volume 95, January 2025 http://www.johk.pl 

 
Ortega, F. B., Leskošek, B., Blagus, R., Gil-Cosano, J. J., Mäestu, J., Tomkinson, G. R., Ruiz, J. R., Mäestu, E., 

Starc, G., Milanovic, I., Tammelin, T. H., Sorić, M., Scheuer, C., Carraro, A., Kaj, M., Csányi, T., 
Sardinha, L. B., Lenoir, M., Emeljanovas, A., … FitBack, HELENA and IDEFICS consortia. (2023). 
European fitness landscape for children and adolescents: Updated reference values, fitness maps and 
country rankings based on nearly 8 million test results from 34 countries gathered by the FitBack 
network. British Journal of Sports Medicine, 57(5), 299–310. https://doi.org/10.1136/bjsports-2022-106176 

Rosa, G. B., Hetherington-Rauth, M., Magalhães, J. P., Correia, I. R., Pinto, G. M., Ferreira, J. P., Coelho-e-Silva, 
M. J., Raimundo, A. M., Mota, J., and Sardinha, L. B. (2023). Physical fitness trends in a nationally 
representative sample of Portuguese youth: What has changed from 2008 to 2018? Scandinavian Journal 
of Medicine and Science in Sports, 33(10), 2058–2067. https://doi.org/10.1111/sms.14420 

Ruiz, J. R., Castro-Piñero, J., España-Romero, V., Artero, E. G., Ortega, F. B., Cuenca, M. A. M., Enez-Pavón, D. 
J., Chillón, P., Girela-Rejón, M. J., Mora, J., Gutiérrez, Á., Suni, J., Sjöström, M., and Castillo, M. J. (2011). 
Field-based fitness assessment in young people: The ALPHA health-related fitness test battery for 
children and adolescents. British Journal of Sports Medicine, 45(6), 518–524. 
https://doi.org/10.1136/bjsm.2010.075341 

Sheppard, J. M., and Young, W. B. (2006). Agility literature review: Classifications, training and testing. Journal 
of Sports Sciences, 24(9), 919–932. https://doi.org/10.1080/02640410500457109 

Tambalis, K. D., Panagiotakos, D. B., Psarra, G., and Sidossis, L. S. (2011). Inverse but independent trends in 
obesity and fitness levels among Greek children: A time-series analysis from 1997 to 2007. Obesity 
Facts, 4(2), 165–174. https://doi.org/10.1159/000327994 

Tomkinson, G. R., Kaster, T., Dooley, F. L., Fitzgerald, J. S., Annandale, M., Ferrar, K., Lang, J. J., and Smith, J. 
J. (2021). Temporal Trends in the Standing Broad Jump Performance of 10,940,801 Children and 
Adolescents Between 1960 and 2017. Sports Medicine (Auckland, N.Z.), 51(3), 531–548. 
https://doi.org/10.1007/s40279-020-01394-6 

Tomkinson, G. R., and Olds, T. (2008). Field tests of fitness. Paediatric Exercise Science and Medicine, 1, 109–128. 
https://doi.org/10.1093/med/9780199232482.003.0009 

Tomkinson, G. R., and Olds, T. S. (2007). Secular changes in pediatric aerobic fitness test performance: The 
global picture. Medicine and Sport Science, 50, 46–66. https://doi.org/10.1159/000101075 

Vandoni, M., Carnevale Pellino, V., De Silvestri, A., Lovecchio, N., Rovida, A., Gatti, A., Biagioli, V., Zuccotti, 
G., and Calcaterra, V. (2022). The Temporal Association between Body Characteristics and Speed 
Performance over Twenty-Five Years in Italian Adolescents. Children (Basel, Switzerland), 9(4), 521. 
https://doi.org/10.3390/children9040521 

Zając, B., Gaj, PK., and Zięba, JM. (2022). Concurrent Validity and Inter-Rater Reliability of Hand-Held 
Measurements of Maximal Sprint Speed. Journal of Kinesiology and Exercise Sciences, 100(32), 15–21. 
https://doi.org/10.5604/01.3001.0016.1225 

Zouhal, H., Abderrahman, A. B., Dupont, G., Truptin, P., Le Bris, R., Le Postec, E., Coppalle, S., Ravé, G., 
Brughelli, M., and Bideau, B. (2018). Laterality Influences Agility Performance in Elite Soccer Players. 
Frontiers in Physiology, 9, 807. https://doi.org/10.3389/fphys.2018.00807 


