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Abstract: Background: active lifestyles and Physical Activity (PA) are closely related to health. 
Healthy habits such as being physically active should be consolidated during childhood. Children 
with Autism Spectrum Disorders (ASD) present fewer opportunities to be involved in PA. For this 
reason, we conducted a Service-Learning (SL) program to enhance the possibility of participating 
ASD children enjoying PA sessions. The aim of this study was to analyze and describe the evolution 
in terms of the frequency and intensity of PA performed by ASD children who participated in the 
SL program. Methods: we used a quasi-experimental design. The sample was formed by 26 children 
with ASD (Experimental group: n = 16; 4 girls, 12 boys) (Control group: n = 10; 1 girl, 9 boys) with 
ASD level 1. Results: after the intervention program, moderate PA during the week increased 
significantly (Pre-Median: 92.04, Range: 35.71–126.47 min; Post-Median: 212.67, Range: 99.75,  
271.04 min) (p ≤ 0.001). When comparing both groups, the tendency to do PA in the Experimental 
group remained more stable. Also, the improvements in moderate intensities were higher in the 
Experimental group after the intervention. Conclusion: a six-month SL program improved the 
moderate PA routines of ASD children. However, longer programs and longitudinal studies  
are required. 
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1. Introduction 

As stated by the WHO [1], health is not only the absence of illness but the quality of life that we 
add to our days. Childhood and adolescence are particularly sensitive periods during which 
environmental factors may influence individuals’ present and future health [2]. According to Sallis 
[3], behavior is one of the factors that has the greatest effect on lifelong health. It is therefore 
fundamental to establish healthy habits during childhood, which will become ingrained throughout 
the child’s lifetime [4]. Active lifestyles and Physical Activity (PA) are closely related to health, so it 
is important that children practice moderate or vigorous PA regularly. In other words, children 
should become more physically active during their days because this may lead to improvements in 
their quality of life. For instance, this can be achieved by increasing their social interactions through 
PA or even by including active displacements to the study center [5]. It is therefore a matter of 
enhancing the quality of their lives, not just analyzing their performance or intensity at specific 
moments. 
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The practice of PA, inside and outside the school context, is a fundamental tool for enhancing 
an active lifestyle. This is one of the most highlighted objectives and a general concern of today’s 
society, especially with the aim to prevent the emergence of weight-related illnesses, such as type 2 
diabetes mellitus [6]. 

Children with Autism Spectrum Disorders (ASD), in particular, are characterized as displaying 
stereotyped repetitive behaviors, lower spontaneous social interactions and restricted interests in 
comparison to Typically Developing (TD) children [7,8]. Social constrictions are highlighted as one 
of the most restricted parameters that influences ASD children’s participation during PA [9]. This is 
something that research has shown by analyzing strategies to increase the interactions of ASD 
children with their peers at school [10–12], as well as their physical fitness, motor skills [13,14], and 
participation in after-school activities [15,16].  

PA is also a fundamental factor in their social relationships [17]. While doing PA, children have 
the opportunity to use different materials and engage in spontaneous interactions in standardized 
contexts [18], therefore reducing restricted, stereotyped, and repetitive behaviors [19] and enhancing 
motor skill proficiency [20]. In this regard, social activities favor self-regulation [21], which consists 
of performing actions in response to the social information perceived in a certain context, thus 
increasing their emotional state and reducing rigid encounters. 

Accelerometers are one of the objective instruments for measuring PA most widely described in 
the literature. This instrument facilitates the description of the frequency and intensity of PA  
practice [22]. Different studies have aimed to describe the PA levels of children with ASD [12,23–25]. 
However, to date, very few studies have reported the quantity and quality of PA in children with 
ASD after a physical education intervention. It is important to bear in mind that people with ASD 
tend to have over- or under-sensitivity, and it is necessary to consider how the technologies they may 
use can affect them [26].  

The intervention program, the effects of which are analyzed in this study, was implemented as 
a Service-Learning (SL) initiative carried out in a Physical Education Teacher Education (PETE) 
program. SL is defined as a teaching methodology that seeks to develop academic and professional 
skills in the students involved. In PETE programs, SL involves physical interaction and active 
participation of both the PETE students and the people receiving the service, in this case children 
with ASD [27–29]. 

Previous research reveals SL as an optimal innovative proposal for implementing PA programs 
in disadvantaged populations, which combine and integrate the service into the community with 
formal learning [30,31], developing the necessary social and professional skills in the area of physical 
education and sports [32]. In this respect, participation in an SL program might lead to higher PA 
intensity and frequency, as children with ASD might show greater interaction with their peers and 
also with the participants who perform the service. 

Therefore, from a combined physiological and a social perspective centered on promoting the 
active lifestyle of children with ASD, the aim of this study was to analyze and describe the frequency 
and intensity of the PA practice of children with ASD before and after participating in a 6-month 
active program using SL methodology. Our hypotheses were that: (1) ASD children would have 
better results in moderate and vigorous activity parameters during the week and weekend after 
implementation of this program, and (2) ASD children who participated in the intervention program 
would show a stronger increase in PA levels in comparison with the Control group. 

2. Methodology 

2.1. Design 

The study used a quasi-experimental design of two non-equivalent groups (Experimental and 
Control), with pre-test and post-test measures, to compare how participation in an SL program based 
on PA promotion affected children with ASD.  
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2.2. Sample 

The researchers contacted entities that serve children with ASD and schools throughout 
Castellón’s region to recruit study participants. They were informed about the research and the 
criteria for participating. All participants had a clinical diagnosis (made by trained professionals) 
based on the diagnostic standards for ASD established in the DSM-IV-TR [33] or DSM-V-TR [34], as 
well as an IQ > 70 and some degree of functionality in communicating, understanding and following 
instructions. Among the types of ASD that exist, level 1 is the mildest because its symptoms are not 
acute or deep. Usually, children diagnosed with this condition have a good memory capacity. 
However, they tend to have mental rigidity and ideas associated with obsession, which may be 
accompanied by motor clumsiness. 

The sample was formed by 26 children (Experimental group: n = 16; 4 girls, 12 boys; age: 10.46 ± 
2.47 years; height: 138.29 ± 14.09 cm; body mass: 38.20 ± 17.03 kg; BMI: 19.70 ± 6.42; ~75th percentile) 
(Control group: n = 10; 1 girl, 9 boys; age: 10.13 ± 3.09 years; height: 140.13 ± 17.18 cm; body mass: 
37.21 ± 16 kg; BMI: 18.17 ± 5.30; 75th–85th percentile) with ASD level 1. The samples were previously 
compared in order to verify that they were not significantly different (age: p = 0.809, height: p = 0.692, 
body mass: p = 0.189). Figure 1 shows the participants’ flow chart. 

 

Figure 1. Participants’ flow chart. 

2.3. Intervention Program 

The Experimental group undertook a PA program twice a week for a duration of one hour each 
session between November and May. The program was implemented at Universitat Jaume I in 
Castellón (Spain). The sessions were led by PETE students who were guided and supervised by their 
educators. These students had been learning how to implement inclusive physical education sessions 
and how to adapt them specifically to ASD children. Therefore, thanks to the SL program, they were 
able to put into practice the theoretical concepts and teaching skills learned in class, complementing 
and deepening them. The aim of the program was to promote active life-styles by implementing long-
lasting and autonomous PA habits in children with ASD. Participants showed a high adherence to 
the program (91.2% average attendance). The sessions’ design was previously sent to the families so 
they could help the children anticipate the tasks at home. All sessions had a very simple structure, 
focusing on providing the children with opportunities for future practice of healthy, recreational and 
educational PA: 5 to 10 minutes of simple warm-up activities, 45 minutes of activities or games 
focusing on motor skills and body expression, and a dynamic cool-down to finish the session. Each 
session was composed of both group dynamics based on social interaction (e.g. parachute games, 
teamwork and dancing games), which were carried out mainly during the warm-up and cool-down 
parts of the session, and analytical activities in groups of three or four children based on age ranges 
(e.g. manipulative skills, balance and gross coordination). The SL tasks followed some of the 
guidelines that had been used in previous SL programs [35]. Each PE session was supported by a 
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number of PETE students, which made it possible for the ratio of children to staff to be between 3 
and 5, depending on each session and age group. On the other hand, the children in the Control 
group did not carry out extracurricular activities that involved PA, as reported during interviews 
with the families.  

2.4. Materials and Procedure 

PA intensity and frequency was assessed using triaxial accelerometers (Actigraph, xGT3X-BT, 
Pensacola, Fl, USA). This is a small device (size: 4.6 cm × 3.3 cm × 1.5 cm; weight: 19 g) that measures 
PA in three planes at an epoch length of 10 s. Specifically, it was placed on the children’s right hip for 
seven days. Specific guidelines were offered to the families on how to use the accelerometer so that 
it did not affect the children sensorially. Data were collected between October and first week of June, 
before and after the intervention program, respectively.  

2.5. Physical Activity Data Reduction 

The data obtained from the accelerometers were processed using Actilife software (version 
6.13.3, Actigraph), selecting the criteria of Troiano [36]. Non-wear time period was considered over 
60 min. From these data, we obtained the minutes per day and percentage of time that each child 
performed PA at different intensities. 

2.6. Data Analysis 

The data obtained from the accelerometers were exported to Excel (version 10 for Windows, 
Microsoft). We performed statistical analysis using SPSS software (version 26, Chicago, Il). 
Descriptive values were used for characterization of the sample (mean ± standard deviation). Median 
and Interquartile Range (IQR) counts per minute were examined in the categories of Sedentary, Light, 
Moderate, Vigorous and Very Vigorous. We only examined moderate and vigorous intensities, as 
they are the ones reported in specialized literature. After performing the normality test, the data were 
compared using a T-Wilcoxon to assess the Pre and Post conditions, considering the differences 
significant when they were p ≤ 0.05. Mann–Whitney tests were performed to compare the differences 
between Pre and Post for the Experimental and Control group characteristics and results, at a level 
of significance of p ≤ 0.05. Moreover, Spearman’s bivariate correlations were analyzed (p ≤ 0.05). 

2.7. Ethical Considerations 

All parents or legal guardians of the children signed an informed consent form during an 
informative session prior to the start of this study. During this informative session, the researchers 
provided information about the data they were going to analyze. This study was approved by the 
University’s Institutional Review Board. All the researchers followed the ethical guidelines 
established in the Declaration of Helsinki [37]. 

In order to counteract ethical issues, the families of the participating children could decide 
whether to be included in the Experimental or the Control group, so that everyone had the 
opportunity to attend to the PA program. Likewise, the following academic year a similar program 
was repeated without restriction of access.  

3. Results 

According to the results observed in our study, the participants of the 6-month intervention 
program showed a significant increase in the number of minutes of PA performed at a moderate 
intensity during the week (Pre-Median: 92.04, IQR: 35.71–126.47 min; Post-Median: 212.67, IQR: 
99.75–271.04 min) (p ≤ 0.001). Non-significant improvements were also observed in the weekend 
moderate (Pre: 146.25, IQR: 89.50–259.13 min), weekend vigorous (Pre-Median: 1.25, IQR: 0.13–11.00 
min; Post-Median: 3.00, IQR: 0.50–6.88 min) and during the week vigorous intensities (Pre-Median: 
1.42, IQR: 0.20–8.60 min; Post-Median: 5.33, IQ: 0.83–12.00 min) (Figure 2). Therefore, the first 
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hypothesis was partially confirmed since there was a general improvement, but statistically 
significant results were only found in some outcomes. 

 

Figure 2. Number of minutes of PA at moderate and vigorous intensities during the week and 
weekend performed by the participants of the 6-month intervention SL program. ***: p ≤ 0.001. 

The number of hours of PA correlated, in all cases, during the weeks and weekends and at 
moderate and vigorous intensities. The results from the Pre moderate intensity during the week 
correlated with the week vigorous (r = 0.84, p < 0.001) and weekend vigorous (r = 0.58, p < 0.05). The 
results from the Post week moderate intensity correlated with the week vigorous (r = 0.74, p < 0.010) 
and very vigorous (r = 0.63, p < 0.010). 

When specifically analyzing the results observed in the Experimental and Control groups for 
moderate PA, we observed that in both groups the values increased. However, the values in the 
Experimental group remained more stable throughout the days assessed (Figure 3a,b) in comparison 
to the Control group. 
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(a) 

(b) 

Figure 3. (a) Moderate intensity PA performed by the Experimental and Control groups before 
participation in the program. We show the adjustment equation; (b) Moderate intensity PA performed 
by the Experimental and Control groups after the 6-month intervention program. We show the 
adjustment equation. 

For vigorous intensity, we also observed that the Experimental group tended to participate in 
more minutes at vigorous intensities (Figure 4a,b). Moreover, this tendency was more stable in the 
Experimental group after the intervention program, in comparison with the Control group. 
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(a) 

(b) 

Figure 4. (a) Vigorous intensity PA performed by the Experimental and Control groups before 
participation in the program. Adjustment equations are shown; (b) Vigorous intensity PA performed 
by the Experimental and Control groups after the 6-month intervention program. Adjustment 
equations are shown. 

From these values, we observed significant differences in the intensities of PA performed by the 
Experimental and Control groups. Differences between Pre and Post were especially significant for 
day 3 (p = 0.017) and 4 (p = 0.006) at a moderate intensity, (Figure 5a) and for day 4 at a vigorous 
intensity (p = 0.041), as well as day 6 (p = 0.015) and day 7 (p = 0.005) (Figure 5b).  
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(a) 

(b) 

Figure 5. (a) Differences between Pre and Post for moderate intensity of the Experimental and Control 
groups. Significant differences are also shown. *: p ≤  0.05, **: p ≤  0.010, ***: p ≤  0.001; (b) 
Differences between Pre and Post for vigorous intensity of the Experimental and Control groups. 
Significant differences are also shown. *: p ≤ 0.05, **: p ≤ 0.010, ***: p ≤ 0.001. 

4. Discussion 

The goal of the investigation was to analyze and describe the frequency and intensity of PA 
levels in children with ASD, before and after they participated in a 6-month intervention program 
using SL methodology. The main findings were consistent with our hypotheses: (1) ASD children 
have better results in moderate and vigorous PA parameters after the implementation of this 
program, and (2) the group that participated in the program shows greater differences in moderate 
and vigorous PA levels when pre- and post-test measures are compared. 
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It is fundamental to establish healthy habits during childhood in order to promote a better 
quality of life [4], and active lifestyles are essential in this regard [38]. For example, a recent systematic 
review and meta-analysis found that PA has a significant overall effect on mental health in children 
and adolescents [2]. Despite the literature regarding the PA participation of people with ASD being 
inconclusive [39–41], several authors claim that more exercise programs should be carried out in 
order to enhance the quality of life of this population [12]. 

In this vein, regarding the first hypothesis, the SL program presented in this study entailed an 
increase in PA levels when the pre- and post-test measures of the Experimental group were 
compared. Specifically, this increase was significant for moderate intensity during weekdays and 
more moderate for the vigorous intensity weekdays, as well as the weekend moderate and vigorous 
intensities. Our findings are consistent with those of García, Leahy, et al. [42]. They examined the 
efficacy of an 8-week judo program among young people with ASD, and the percentage of time spent 
in moderate and vigorous PA significantly increased after their participation. However, interventions 
do not always show such clear increases in moderate and vigorous PA levels [43]. For instance, some 
studies claim that young people with ASD record higher PA counts on weekdays compared to 
weekends [44,45]. However, the results obtained by García Pastor et al. [46] indicate that normal-
weight ASD children and adolescents tend to record more moderate and vigorous PA during 
weekends. Finally, the overall findings of a systematic review suggest no differences in PA between 
weekdays and weekends [39]. The conflict between these viewpoints might be related to the age of 
the ASD participants because younger children seem to be more active at the weekend than they are 
during weekdays, while the opposite seems to be true for older children [25]. 

Also, our results may be explained by the fact that many ASD children seem to go straight home 
after school and engage in sedentary, technology-based activities that contribute to inactivity [16]. 
Therefore, it is not surprising that before the program, moderate and vigorous PA levels were low. 
However, the children’s participation in the SL program seems to have changed this reality and their 
routines, because after the program was developed their PA levels significantly increased on 
weekdays. Thus, our results suggest that the SL program has not only helped promote the 
participants’ physical health but has also helped improve their physically active lifestyle. This is the 
reason why free time on weekdays and at weekends is an appropriate target when promoting PA in 
ASD children [25]. 

In relation to the second hypothesis, we observed that in both groups, the values increased for 
moderate and vigorous PA intensities. However, improvement in the Experimental group was 
higher. This improvement was observed at both moderate and vigorous intensities. Nevertheless, the 
differences were stronger in the category of moderate weekday intensity. Usually, ASD children 
spend more time in moderate PA than in vigorous PA and, in fact, there is general concern because 
studies suggest that they spend a very small portion of time at vigorous PA levels, particularly after 
school [24]. In this regard, our results suggest that participation in the SL program may be related to 
the improvement in the time spent at moderate and, especially, vigorous PA levels. 

In general, there is a lack of opportunities for engaging in PA or sports programs that are aimed 
specifically at ASD children. This means that families may be limited to few options for their children 
[40]. However, programs should be carefully planned and implemented. In other words, the quality 
of the interventions should be ensured because the enjoyment of participating ASD children could 
be decisive for their future lifestyle and quality of life. It is essential to establish healthy habits during 
childhood. Our results show more stable values of moderate and vigorous PA during the week for 
the Experimental group. This means that, despite the sessions of the SL program being implemented 
twice a week, they displayed similar levels of moderate and vigorous PA on the other days. Therefore, 
participating children might have got used to active lifestyles thanks to the SL program [4]. Further 
research could analyze whether this trend continues after a longer period of time in order to find out 
whether active lifestyles really do become consolidated. 

In this regard, some studies state that there is a substantial reduction in PA levels across the 
adolescent years in ASD because they are significantly more physically inactive [24,12]. If ASD 
teenagers do not develop participation in PA as a regular health behavior, they will probably become 
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increasingly sedentary and predisposed to develop certain chronic diseases [16]. Therefore, there is a 
need for further research to analyze PA levels among ASD adolescents who have carried out PA since 
they were young, in order to uncover if they continue displaying active lifestyles that promote their 
health and quality of life.  

On the other hand, the results obtained also show that both the Control and Experimental groups 
met or exceeded the WHO recommendations for 60 min of moderate and vigorous PA per day [47]. 
Although some studies state that ASD populations are at least capable of reaching the PA guidelines 
for TD individuals [40,41,48], others claim that children and adolescents with ASD are less likely to 
meet these guidelines for PA [39,49]. Since PA can be a tool for enhancing health-related quality of 
life [36], it is fundamental to provide motor programs as part of early intervention in young ASD 
populations [39,50]. In this regard, the SL program may have helped meet PA recommendations for 
the Experimental group as well as improving their social skills and social performance [51], thus 
helping to improve their physically active lifestyle. 

5. Conclusions 

Although the practice of PA is crucial for healthy growth, there are many barriers to doing 
moderate to vigorous PA after school for children with ASD. The current study analyzed and 
described the frequency and intensity of PA in children with ASD after participating in a 6-month SL 
program that tried to promote it. Overall, the application of the program had a positive impact on 
the PA of children with ASD. Specifically, participants of the program reported a significant increase 
in the number of minutes of PA performed at a moderate intensity during the week. In fact, it was 
figumoderate PA values increased, the values in the Experimental group remained more stable 
throughout the days assessed. In addition, for the vigorous intensity, the Experimental group showed 
a greater and more stable tendency. In conclusion, the results obtained provide relevant information 
and interesting lines of research that favor the well-being of children with ASD. However, future 
research is needed to increase our understanding of PA programs that aim to promote active lifestyles 
in children with ASD, especially evaluation of interventions.  

Regarding the limitations of the study, although promising results have been obtained, the 
sample size is an important limitation to consider. However, this is a common issue in research that 
attempts to uncover intervention programs [52]. In addition, studies with ASD populations usually 
rely on data gathered with a similar number of participants [40]. In this regard, the quasi-
experimental design this study used attenuates this limitation. In any case, replicating the training 
with the Control group and revaluating both groups might have yielded more useful information. 
Another possible limitation is that the specific period in which the measures were taken (towards the 
end of spring and the beginning of summer) could have increased opportunities to practice PA due 
to better weather conditions. In the same vein, an element that could also distort the amount of PA is 
children walking to and from school, which also might occur more frequently in summer and on 
weekdays rather than weekends. Finally, the fact that the children in both groups came from similar 
social contexts could have required some children from the Experimental group to share their PAs 
with those from the Control group. This could have increased the PA of the Control group, concealing 
positive results of the intervention. Regardless, we are convinced that by highlighting the results and 
sharing the quantitative measures obtained, this work has contributed to knowledge in this field. 

Author Contributions: Conceptualization, T.V.-E. and O.C.-B.; methodology, T.V.-E. and C.S.-G.; software, 
T.V.-E. and C.S.-G.; validation, T.V.-E. and C.S.-G.; formal analysis, T.V.-E. and C.S.-G.; investigation, M.M.-V., 
C.S.-G. and O.C.-B.; resources, M.M.-V., C.S.-G. and O.C.-B.; data curation, T.V.-E., C.S.-G. and M.M.-V.; 
writing—original draft preparation, T.V.-E., O.C-B., C.S.-G. and M.M.-V.; writing—review and editing, T.V.-E., 
O.C-B., C.S.-G. and M.M.-V.; visualization, T.V.-E., O.C-B., C.S.-G. and M.M.-V.; supervision, M.M.-V., C.S.-G. 
and O.C.-B.; project administration, O.C.-B.; funding acquisition, O.C.-B. and M.M-V. All authors have read and 
agreed to the published version of the manuscript. 

Acknowledgments: The authors would like to thank the UJI-A2017-03 funding project, professional services for 
manuscript revision and editing assistance, and especially all the participants involved in the study. 

Funding: This research was funded by University Jaume I grant number UJI-A2017-03 and PREDOC/2016/53. 



Sustainability 2020, 12, 4354 11 of 13 

Conflicts of Interest: The authors declare that the research was conducted in the absence of any potential conflict 
of interest. 

References 

1. World Health Organization. The World Health Report 2000: Health Systems: Improving Performance; World 
Health Organization: Geneva, Switzerland, 2000. 

2. Rodriguez-Ayllon, M.; Cadenas-Sánchez, C.; Estévez-López, F.; Muñoz, N.E.; Mora-Gonzalez, J.; Migueles, 
J.H.; Molina-García, P.; Henriksson, H.; Mena-Molina, A.; Martínez-Vizcaíno, V.; et al. Role of physical 
activity and sedentary behavior in the mental health of preschoolers, children and adolescents: A 
systematic review and meta-analysis. Sports Med. 2019, 49, 1383–1410. 

3. Sallis, J.F. Measuring physical activity environments: A brief history. Am. J. Prev. Med. 2009, 36, S86–S92. 
4. Acree, L.S.; Longfors, J.; Fjeldstad, A.S.; Fjeldstad, C.; Schank, B.; Nickel, K.J.; Montgomery, P.S.; Gardner, 

A. Physical activity is related to quality of life in older adults. Health Qual. Life Outcomes 2006, 4, 37. 
5. Molina-García, J.; Castillo, I.; Queralt, A.; Sallis, J.F. Bicycling to university: Evaluation of a bicycle-sharing 

program in Spain. Health Promot. Int. 2015, 30, 350–358. 
6. Pulgaron, E.R.; Delamater, A.M. Obesity and type 2 diabetes in children: Epidemiology and treatment. 

Curr. Diabetes Rep. 2014, 14, 508. 
7. Bauminger, N.; Kasari, C. Loneliness and friendship in high-functioning children with autism. Child Dev. 

2000, 71, 447–456. 
8. Bauminger, N.; Shulman, C.; Agam, G. Peer interaction and loneliness in high-functioning children with 

autism. J. Autism Dev. Disord. 2003, 33, 489–507. 
9. Llewellyn, A.; Hogan, K. The use and abuse of models of disability. Disabil. Soc. 2000, 15, 157–165. 
10. DiSalvo, C.A.; Oswald, D.P. Peer-mediated interventions to increase the social interaction of children with 

autism: Consideration of peer expectancies. Focus Autism Other Dev. Disabil. 2002, 17, 198–207. 
11. Kamps, D.M.; Barbetta, P.M.; Leonard, B.R.; Delquadri, J. Classwide peer tutoring: An integration strategy 

to improve reading skills and promote peer interactions among students with autism and general 
education peers. J. Appl. Behav. Anal. 1994, 27, 49–61. 

12. Memari, A.H.; Ghaheri, B.; Ziaee, V.; Kordi, R.; Hafizi, S.; Moshayedi, P. Physical activity in children and 
adolescents with autism assessed by triaxial accelerometry. Pediatr. Obes. 2013, 8, 150–158. 

13. Pan, C.Y.; Frey, G.C. Identifying physical activity determinants in youth with autistic spectrum disorders. 
J. Phys. Act. Health 2005, 2, 412–422. 

14. Schultheis, S.F.; Boswell, B.B.; Decker, J. Successful physical activity program-ming for students with 
autism. Focus Autism Other Dev. Disabil. 2000, 15, 159–162. 

15. Obrusnikova, I.; Miccinello, D.L. Parent perceptions of factors influencing after-school physical activity of 
children with autism spectrum disorders. Adapt. Phys. Act. Q. 2012, 29, 63–80. 

16. Sandt DD, R.; Frey, G.C. Comparison of physical activity levels between children with and without autistic 
spectrum disorders. Adapt. Phys. Act. Q. 2005, 22, 146–159. 

17. Weiss, M.J.; Harris, S.L. Teaching social skills to people with autism. Behav. Modif. 2001, 25, 785–802. 
18. Lord, C.; Cook, E.H.; Leventhal, B.L.; Amaral, D.G. Autism spectrum disorders. Neuron 2000, 28, 355–363. 
19. Rosenthal-Malek, A.; Mitchell, S. Brief report: The effects of exercise on the self-stimulatory behaviours and 

positive responding of adolescents with autism. J. Autism Dev. Disord. 1997, 27, 193–202. 
20. Houwen, S.; Hartman, E.; Visscher, C. Physical activity and motor skills in children with and without visual 

impairments. Med. Sci. Sports Exerc. 2009, 41, 103–109. 
21. Fogel, A. Developing through Relationships; University of Chicago Press: Chicago, USA, 1993. 
22. Migueles, J.H.; Cadenas-Sanchez, C.; Ekelund, U.; Nyström, C.D.; Mora-Gonzalez, J.; Löf, M.; Labayen, I.; 

Ruiz, J.R.; Ortega, F.B. Accelerometer Data Collection and Processing Criteria to Assess Physical Activity 
and Other Outcomes: A Systematic Review and Practical Considerations. Sports Med. 2017, 47, 1821–1845, 
doi:10.1007/s40279-017-0716-0. 

23. Bandini, L.G.; Gleason, J.; Curtin, C.; Lividini, K.; E Anderson, S.; A Cermak, S.; Maslin, M.; Must, A. 
Comparison of physical activity between children with autism spectrum disorders and typically 
developing children. Autism 2013, 17, 44–54. 

24. MacDonald, M.; Esposito, P.; Ulrich, D. The physical activity patterns of children with autism. BMC Res. 
Notes 2011, 4, 422. 



Sustainability 2020, 12, 4354 12 of 13 

25. Pan, C.Y.; Tsai, C.L.; Hsieh, K.W.; Chu, C.H.; Li, Y.L.; Huang, S.T. Accelerometer-determined physical 
activity among elementary school-aged children with autism spectrum disorders in Taiwan. Res. Autism 
Spectr. Disord. 2011, 5, 1042–1052. 

26. Wali, L.J.; Sanfilippo, F. A Review of the State-of-the-Art of Assistive Technology for People with ASD in 
the Workplace and in Everyday Life. In Conference on e-Business, e-Services and e-Society. Proceedings of the 
18th IFIP Conference on e-Business, e-Services, and e-Society, Trondheim, Norway, 18–20 September 2019; 
Springer: Cham, Switzerland, 2019; pp. 520–533. 

27. Carson Russell, L.; Raguse, A. Systematic Review of Service-Learning in Youth Physical Activity Settings. 
Quest 2014, 66, 57–95, doi:10.1080/00336297.2013.814578. 

28. Cervantes, C.; Karen, M. Examining Service-Learning Literature in Physical Education Teacher Education: 
Recommendations for Practice and Research. Quest 2013, 65, 332–353, doi:10.1080/00336297.2013.773533. 

29. Chiva-Bartoll, O.; Ruiz-Montero, P.; Martín Moya, R.; Pérez López, I.; Giles Girela, J.; García-Suárez, J.; 
Rivera-García, E. University Service-Learning in Physical Education and Sport Sciences: A systematic 
review. Rev. Complut. Educ. 2019, 30, 1147–1164, doi:10.5209/rced.60191. 

30. Meaney, K.S.; Bohler, H.R.; Kopf, K.; Hernandez, L.; Scott, L.S. Service-Learning and Pre-Service Educators’ 
Cultural Competence for Teaching: An Exploratory Study. J. Exp. Educ. 2008, 31, 189–208, 
doi:10.1177/105382590803100206. 

31. Meaney, K.S.; Hart, M.A.; Griffin, K.L. Fun & Fit, Phase I: A program for overweight African American and 
Hispanic American children from low–income families. J. Phys. Educ. Recreat. Dance 2009, 80, 35–39, 
doi:10.1080/07303084.2009.10598338. 

32. Capella-Peris, C.; Gil-Gómez, J.; Chiva-Bartoll, Ò. Innovative Analysis of Service-Learning Effects in 
Physical Education: A Mixed-Methods Approach. J. Teach. Phys. Educ. 2020, 1, 102–110. 

33. American Psychiatric Association [APA]. Diagnostic and Statistical Manual-Text Revision (DSM-IV-TR); 
American Psychiatric Association: Washington, DC, USA, 2000. 

34. American Psychiatric Association [APA]. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; 
American Psychiatric Association: Washington, DC, USA, 2013. 

35. Chiva-Bartoll, O.; Capella-Peris, C.; Salvador-García, C. Service-learning in physical education teacher 
education: Towards a critical and inclusive perspective. J. Educ. Teach. 2020, 46 1–13, 
doi:10.1080/02607476.2020.1733400. 

36. Troiano, R.; Berrigan, D.; Dodd, K.; Masse, L.; Tilert, T.; McDowell, M. Physical activity in the United States 
measured by accelerometer. Med. Sci. Sports Exerc. 2008, 40, 181–188. 

37. WMA Declaration of Helsinki -Ethical Principles for Medical Research Involving Human Subjects. 
Available online: http://www.wma.net/en/30publications/10policies/b3/index.html (accessed on 1 July 
2016). 

38. Hamm, J.; Yun, J. Influence of physical activity on the health-related quality of life of young adults with 
and without autism spectrum disorder. Disabil. Rehabil. 2019, 41, 763–769. 

39. Jones, R.A.; Downing, K.L.; Rinehart, N.J.; Barnett, L.M.; May, T.; McGillivray, J.; Papadopoulos, N.; 
Skouteris, H.; Timperio, A.; Hinkley, T. Physical activity, sedentary behavior and their correlates in 
children with Autism Spectrum Disorder: A systematic review. PLoS ONE 2017, 12, e0172482, 
doi:10.1371/journal.pone.0172482. 

40. Reinders, N.J.; Branco, A.; Wright, K.; Fletcher, P.C.; Bryden, P.J. Scoping review: Physical activity and 
social functioning in young people with autism spectrum disorder. Front. Psychol. 2019, 10, 120. 

41. Thomas, S.; Hinkley, T.; Barnett, L.M.; May, T.; Rinehart, N. Young children with ASD participate in the 
same level of physical activity as children without ASD: Implications for early intervention to maintain 
good health. J. Autism Dev. Disord. 2019, 49, 3278–3289. 

42. Garcia, J.M.; Leahy, N.; Rivera, P.; Renziehausen, J.; Samuels, J.; Fukuda, D.H.; Stout, J.R. Brief Report: 
Preliminary Efficacy of a Judo Program to Promote Participation in Physical Activity in Youth with Autism 
Spectrum Disorder. J. Autism Dev. Disord. 2019, 50, 1–7. 

43. Ledford, J.R.; Lane, J.D.; Shepley, C.; Kroll, S.M. Using teacher-implemented playground interventions to 
increase engagement, social behaviors, and physical activity for young children with autism. Focus Autism 
Other Dev. Disabil. 2016, 31, 163–173. 

44. Jeong, I.; Ryu, D.S. Comparison of physical activity between youth with down syndrome and youth with 
autism spectrum disorders. 한국체육과학회지 2019, 28, 1073–1084. 



Sustainability 2020, 12, 4354 13 of 13 

45. Stanish, H.I.; Curtin, C.; Must, A.; Phillips, S.; Maslin, M.; Bandini, L.G. Physical activity levels, frequency, 
and type among adolescents with and without autism spectrum disorder. J. Autism Dev. Disord. 2017, 47, 
785–794. 

46. Garcia-Pastor, T.; Salinero, J.J.; Theirs, C.I.; Ruiz-Vicente, D. Obesity status and physical activity level in 
children and adults with autism spectrum disorders: A pilot study. J. Autism Dev. Disord. 2019, 49, 165–172. 

47. WHO (World Health Organization). Global Action Plan for the Prevention and Control of 
Noncommunicable Diseases 2013–2020. 2013. Available online: 
http://www.who.int/mediacentre/factsheets/fs385/es/ (accessed on 21 May 2020). 

48. Tyler, K.; MacDonald, M.; Menear, K. Physical activity and physical fitness of school-aged children and 
youth with autism spectrum disorders. Autism Res. Treat. 2014, 2014, 1–6. 

49. Healy, S.; Carrie, J.A.; Justin, A.H.; Patterson, F. Meeting the 24-hr movement guidelines: An update on US 
youth with autism spectrum disorder from the 2016 National Survey of Children’s Health. Autism Res. 
2019, 12, 941–951. 

50. Ketcheson, L.; Hauck, J.; Ulrich, D. The effects of an early motor skill intervention on motor skills, levels of 
physical activity, and socialization in young children with autism spectrum disorder: A pilot study. Autism 
2017, 21, 481–492. 

51. Bo, J.; Pang, Y.; Dong, L.; Xing, Y.; Xiang, Y.; Zhang, M.; Wright, M.; Shen, B. Brief Report: Does Social 
Functioning Moderate the Motor Outcomes of a Physical Activity Program for Children with Autism 
Spectrum Disorders-A Pilot Study. J. Autism Dev. Disord. 2019, 49, 415–421. 

52. Sandoval, W.A.; Bell, P. Design-based research methods for studying learning in context: Introduction. 
Educ. Psychol. 2004, 39, 199–201. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


