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[bookmark: abs]Abstract
The (pre)school environment is an important setting to improve children’s health. Especially, the (pre)school playground provides a major opportunity to intervene. This review presents an overview of the existing evidence on the value of both school and preschool playgrounds on children’s health in terms of physical activity, cognitive and social outcomes. In addition, we aimed to identify which playground characteristics are the strongest correlates of beneficial effects and for which subgroups of children effects are most distinct. In total, 13 experimental and 17 observational studies have been summarized of which 10 (77%) and 16 (94%) demonstrated moderate to high methodological quality, respectively. Nearly all experimental studies (n = 11) evaluated intervention effects on time spent in different levels of physical activity during recess. Research on the effects of (pre)school playgrounds on cognitive and social outcomes is scarce (n = 2). The experimental studies generated moderate evidence for an effect of the provision of play equipment, inconclusive evidence for an effect of the use of playground markings, allocating play space and for multi-component interventions, and no evidence for an effect of decreasing playground density, the promotion of physical activity by staff and increasing recess duration on children’s health. In line with this, observational studies showed positive associations between play equipment and children’s physical activity level. In contrast to experimental studies, significant associations were also found between children’s physical activity and a decreased playground density and increased recess duration. To confirm the findings of this review, researchers are advised to conduct more experimental studies with a randomized controlled design and to incorporate the assessment of implementation strategies and process evaluations to reveal which intervention strategies and playground characteristics are most effective.
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Introduction
[bookmark: d75723e139][bookmark: d75723e141][bookmark: d75723e143][bookmark: d75723e145][bookmark: d75723e149][bookmark: d75723e151][bookmark: d75723e155][bookmark: d75723e157][bookmark: d75723e161]During childhood and adolescence, regular physical activity is associated with improvements in both physiological and psychological health [1-4]. Despite the growing awareness of these benefits, children’s physical activity level seems to be declining [5,6]. Several studies have shown that many children are currently insufficiently active and do not meet the health-related physical activity guideline of ‘180 minutes or more of physical activity at any intensity spread throughout the day’ for preschool children [7,8] or the guideline of ‘60 minutes or more of at least moderate intensity activity each day’ for school-aged children [9]. Therefore, the promotion of regular physical activity in youth has become a public health priority.
[bookmark: d75723e167][bookmark: d75723e169][bookmark: d75723e171][bookmark: d75723e173][bookmark: d75723e175][bookmark: d75723e177][bookmark: d75723e181][bookmark: d75723e183][bookmark: d75723e185][bookmark: d75723e187][bookmark: d75723e191][bookmark: d75723e195][bookmark: d75723e199][bookmark: d75723e204][bookmark: d75723e206][bookmark: d75723e210][bookmark: d75723e212][bookmark: d75723e216][bookmark: d75723e218][bookmark: d75723e222][bookmark: d75723e226][bookmark: d75723e228][bookmark: d75723e230][bookmark: d75723e234][bookmark: d75723e239][bookmark: d75723e243]Physical activity is influenced by many factors. Several reviews have summarized the evidence on correlates of children’s physical activity [10-15]. There is extensive literature on the demographic, biological, and psychosocial determinants of physical activity among youth [10,13-15]. In the last decade, a growing interest in the role of the built environment on physical activity can be observed. Ferreira et al. [11] conducted a semi-quantitative review of 150 studies on environmental correlates of youth physical activity published between 1980 and 2004, and found that particularly the school environment is associated with children’s physical activity level. This was subscribed in a similar, but smaller review of Davison & Lawson [12]. School is known as a suitable setting for the promotion of physical activity in youth, since children can be reached with minimal effort and children spent most of their time there [16]. School-based opportunities to engage in physical activity are during physical education classes, during recess and after school hours [17,18]. In contrast to physical education, which only provides 8% to 11% of children’s daily physical activity on a weekday [19,20], recess offers the potential to gather up to 40% of the daily amount of moderate to vigorous physical activity (MVPA) [21,22]. In 2006, Ridgers et al. summarized the effects of the first recess-based interventions and showed that energy expenditure and physical activity levels of children aged 4 to 12 years old increased shortly after the implementation of playground-based interventions at schools [22]. However, not all intervention strategies seem to be as effective [23-25]. According to Escalante et al.[25] who summarized five experimental studies, interventions based on playground markings, game equipment, or a combination of the two do not increase the physical activity level of children aged 4–11 years, but interventions based on playgrounds markings plus physical structures can be effective in the short to medium term. This is in contrast with Parrish et al. who summarized six experimental studies [24]. In their review, they state that playgrounds markings and games equipment significantly increase children’s physical activity level. Studies that examined combined strategies showed mixed findings. They conclude that although there are some promising recess-based interventions, there is no conclusive evidence for an effect of any type of recess-based intervention on the physical activity level of children aged 5–11 years. So far, none of the reviews have examined the effects of playground-based interventions on preschool children. Preschool children may also benefit from playgrounds [15]. In addition, none of the reviews have looked for evidence on the beneficial effects of playgrounds on outcomes other than physical activity.
[bookmark: d75723e249][bookmark: d75723e251][bookmark: d75723e253][bookmark: d75723e255]Therefore, the aim of this review paper is to present an overview of the existing evidence on the value of (pre)school playgrounds for children’s health in terms of physical activity, cognitive and social outcomes. Further, we aimed to identify which playground characteristics are most effective, and for which subgroups of children effects are most distinct. In contrast to previous reviews on this topic [22-25], both observational and experimental studies focusing on preschool children as well as older age groups will be included, allowing for comparison of the results.
[bookmark: sec2]Methods
Search strategy and data sources
[bookmark: d75723e268]Studies published from January 2000 to September 2012 were identified through a structured computerized search of PubMed, PsycINFO, and EMBASE. The search terms are shown per database in Additional file 1. According to the search terms, only studies conducted in children from 2 to 18 years old were selected. In addition to these terms, related and most recent thesaurus terms of the search engines were added. No limitations for study design were added. Based on the title, search results were checked for relevance and duplicates.
Additional file 1. Long-Search terms for the cross-database search in PubMed, PsycInfo and EMBASE.
Format: DOCX Size: 14KB Download file[image: Open Data]
Selection of studies
Based on the title and the abstract, further study selection was performed by two independent researchers (KB and AMS). Studies had to examine the association between a (pre)school playground and physical, cognitive or social outcomes. (Pre)school playgrounds were defined as spaces located on (pre)school properties that were specifically designed for outdoor play and sports activities for children from 2 to 18 years old. Studies on other playgrounds, e.g., amusement parks or recreation areas that were not school-based were not included. Further, studies were included if published in a peer reviewed scientific journal and published in English. In addition, grey literature from January 2000 to September 2012 was identified through the Educational Resources Information Centre (ERIC) and the Dutch database ‘Grey Literature in the Netherlands’ (GLIN) using the search terms ‘schoolyard’ and ‘playground’. Grey literature formed a contextual background for the interpretation of the topic and results. Data from grey literature was not further extracted.
Data extraction
Based on the full-texts of the studies, the data of each study was extracted by two independent researchers (KB and AMS or KB and SdV). In case of disagreement, this was discussed until consensus was reached. The following study characteristics were extracted: design of the study, level of randomization, aim of the study, size and source of the study sample, country in which the study was performed, age range and/or mean age of the sample, socio-economic status of the sample, type of playground and characteristics, type of outcomes, measurement instruments of playgrounds and outcomes, and effects per outcome. If available, additional results per subgroup (e.g., according to sex) were extracted.
Methodological quality
[bookmark: d75723e301][bookmark: d75723e305]Methodological quality was assessed by two independent researchers (KB and AMS or KB and SdV), based on the full-texts of the studies. Two scoring lists were developed for observational and experimental studies respectively. Items were derived from scoring lists of Prins et al. [26] and De Vries et al. [27]. The scoring list for observational studies contained 11 items: five items that indicated internal validity (reported validity and reliability of measurement instruments of the playground, reported validity and reliability of the outcomes, and report of statistical analytical procedure) and six items that indicated external validity (representativeness of the study sample, specification of the age range of the study sample, specification of in- and exclusion criteria, response rate or specification of non-response, specification of the study period, and specification of the sample characteristics).
The scoring list for experimental studies contained 14 items: nine items identical to those scored for observational studies, except for the reported validity and reliability of measurement instruments of the playground. Five items were specific for experimental studies, i.e., presence of a control group, randomization, blinding of study participants and interventionists, blinding of outcome assessors, and completeness of outcome data.
[bookmark: d75723e313]Each item was scored with ‘present’ (1), ‘partly present’ (0.5), or ‘absent’ (0), in accordance with De Vries et al. [27]. A total score was computed per publication by summing all unweighted scores. Each publication was then assigned a methodological quality rating. For experimental studies, methodological quality was high if 10 points or more were assigned, indicating that 72% of the quality criteria were met. The methodological quality of experimental studies was moderate if 7.0 – 9.5 points were assigned and low if 6.5 or less points were assigned. For observational studies, methodological quality was high if 8.5 points or more were assigned, indicating that 77% of the quality criteria were met. The methodological quality of observational studies was moderate if 5.5 – 8.0 points were assigned and low if 5.0 or less points were assigned. In case of disagreement between the two independent researchers, this was discussed until consensus was reached.
Data synthesis
Level of evidence for playground-based intervention strategies
[bookmark: d75723e327][bookmark: d75723e331][bookmark: d75723e335]In order to summarize the level of evidence of the findings from experimental studies, intervention strategies used in the experimental studies were labelled with a level of evidence, ranging from strong, moderate, limited, inconclusive to no evidence. This rating system was used in previous reviews of Van Sluijs et al. [16] and Parrish et al. [24] and takes into account: study design, sample size, methodological quality, and the intervention effect. The decision-making process underlying the rating system is available as a supplementary file by Van Sluijs and colleagues [16]. In short, intervention strategies were labelled with strong, moderate or limited level of evidence if at least two-third of the studies found significant positive results. In order to be labelled as a large study, more than 250 participants were required.
Associations of playground characteristics with physical activity
[bookmark: d75723e345][bookmark: d75723e349][bookmark: d75723e353]The results of the observational studies were summarized in a slightly different manner. For each playground characteristic a summary code was determined taking into account the outcome, the methodological quality of the studies, and the total number of studies that examined the playground characteristic. Playground characteristics were categorized as either hardware (i.e., permanent playground conditions, such as playground size, and surface type), software (i.e., the provided equipment and activities on playgrounds, such as fixed and portable play equipment), or orgware (i.e., the organization beyond playgrounds, such as the presence of supervision and the recess duration). First, all outcomes were weighted for the quality of the study as previously done by De Vries et al. [27]. Observational studies of poor quality (≤5.0 points) provide less evidence for the reported associations than studies of high quality (≥8.5 points). Next, the number of studies that found significant positive or negative associations between the playground characteristic and physical activity was divided by the total number of studies that examined that characteristic. This resulted in a percentage of studies that supported a significant positive or negative association with physical activity. This percentage was classified as no association (0), indeterminate/inconclusive association (?), positive (+) or negative association (−) using the model of Sallis [13]. When 0%-33% of the studies supported a positive or negative association, the result was classified as no association (0). An indeterminate/ inconclusive (?) classification was determined if 34%-59% of the studies supported an association. A positive (+) or negative (−) association was determined when 60%-100% of the studies supported the direction of the association. When the quality of the underlying studies was moderate or high one or two additional characters (− or +) were assigned to the summary code, respectively. In addition, if a playground characteristic was investigated four or more times an additional + or – was also assigned [13].
[bookmark: sec3]Results
Selection of studies
[bookmark: d75723e366]The initial cross-database search in PubMed, PsycINFO, and EMBASE resulted in 1073 publications. After eliminating duplicates, 931 publications remained. Titles and abstracts were reviewed for eligibility criteria, resulting in 35 publications that were fully considered. Based on the full-texts, 26 of them were included in the review. A backward search of the reference lists of these publications yielded another seven publications. Thus, 33 publications were finally included. A flowchart of the selection procedure is depicted in Figure 1.
[image: thumbnail]Figure 1. Flowchart describing the number of articles retrieved, and included and excluded at each stage of the review process.
Study characteristics
[bookmark: d75723e387][bookmark: d75723e390]Of the 33 included publications, 16 reported on experimental studies and 17 on observational studies. Their study characteristics are summarized in Table 1 and Table 2, respectively.
Table 1. Characteristics of experimental studies (n = 13) and effects of (pre)school playgrounds on children’s health
Table 2. Characteristics of observational studies (n = 17) and associations of (pre)school playgrounds with children’s health
Experimental studies
[bookmark: d75723e3463][bookmark: d75723e3465][bookmark: d75723e3467][bookmark: d75723e3471][bookmark: d75723e3473]The 16 publications reporting on experimental studies were based on 13 studies, since some publications were based on the same study sample. This was true for three publications of Ridgers and colleagues, in which the effects of incentives to change playgrounds on physical activity during recess were reported for different follow-up periods, i.e., six weeks, six months, and 12 months [28-30]. Further, Stratton and colleagues reported twice on the effects of painting markings on playgrounds of two early primary schools; once in 2000 and once again in a more recent publication in 2005. In the most recent publication, the sample size had increased through the inclusion of two additional late primary schools [31,32].
[bookmark: d75723e3479][bookmark: d75723e3481][bookmark: d75723e3483][bookmark: d75723e3487][bookmark: d75723e3489][bookmark: d75723e3491][bookmark: d75723e3493][bookmark: d75723e3495][bookmark: d75723e3497][bookmark: d75723e3501][bookmark: d75723e3503][bookmark: d75723e3505][bookmark: d75723e3509][bookmark: d75723e3511][bookmark: d75723e3513][bookmark: d75723e3515][bookmark: d75723e3517][bookmark: d75723e3521][bookmark: d75723e3526][bookmark: d75723e3530][bookmark: d75723e3532][bookmark: d75723e3534][bookmark: d75723e3536][bookmark: d75723e3538][bookmark: d75723e3542][bookmark: d75723e3544][bookmark: d75723e3546][bookmark: d75723e3548][bookmark: d75723e3550][bookmark: d75723e3552][bookmark: d75723e3554][bookmark: d75723e3556][bookmark: d75723e3558][bookmark: d75723e3560][bookmark: d75723e3562]Seven of the 13 experimental studies (54%) included a control group in the study design, and only three of them used a randomization procedure to allocate schools and/or children to an intervention or control condition [33-35]. Six of the 13 experimental studies were conducted in the United States[36-41]. The remaining seven studies were conducted in Belgium [33,35,42], United Kingdom [28-32], Cyprus [34], and Australia [43]. All study samples contained approximately 50 percent girls. Sample sizes ranged from one to 40 schools and from five to 5488 children. Five studies specifically targeted preschools with children from three to six years old [33,36-38,42], whereas eight studies described the effects of playground interventions on primary schools, with children aged four to 11 years old [28-32,34,35,39-41,43].
[bookmark: d75723e3568][bookmark: d75723e3570][bookmark: d75723e3574][bookmark: d75723e3578][bookmark: d75723e3585][bookmark: d75723e3590][bookmark: d75723e3594][bookmark: d75723e3598][bookmark: d75723e3602]In preschools, the five interventions included the provision of play equipment [33,36], the promotion of physical activity on playgrounds by teachers [37], variations in recess duration [38], and variations in playground density (m2/child) [42]. Two of the five experimental studies included a control group, i.e., Cardon et al. [33] and Brown et al. [37]. Cardon and colleagues [33] compared the effects of two intervention conditions (i.e., the provision of play equipment only and the provision of play equipment and painting of playground markings) with a no-intervention condition. Brown et al. [37] also tested two intervention conditions (i.e., the promotion of physical activity by teachers against the addition of group discussions and the provision of stickers when children showed sufficient physical activity) against a no-intervention condition.
[bookmark: d75723e3608][bookmark: d75723e3610][bookmark: d75723e3612][bookmark: d75723e3614][bookmark: d75723e3616][bookmark: d75723e3618][bookmark: d75723e3620][bookmark: d75723e3622][bookmark: d75723e3624][bookmark: d75723e3628][bookmark: d75723e3630][bookmark: d75723e3634][bookmark: d75723e3638][bookmark: d75723e3642][bookmark: d75723e3644][bookmark: d75723e3649][bookmark: d75723e3651][bookmark: d75723e3653][bookmark: d75723e3657][bookmark: d75723e3661][bookmark: d75723e3665]In primary schools, all eight interventions included the provision of play equipment and/or the application of playground markings. Six of the eight experimental studies in primary schools included a no-intervention condition [28-32,34,35,40,44]. One study examined the isolated effect of playground markings with a no-intervention condition [31,32]. Similarly, Bundy et al. [43] evaluated the effect of the provision of play materials, only without a control condition. In the other studies the interventions contained multiple components. Of these six studies, Hyberty et al. [39] was the only study without a control condition. Interventions in two studies contained both the provision of play equipment and the application of playground markings, complemented with the creation of space for team games, and staff training respectively [34,39]. Ridgers et al. [28-30], Colabianchi et al. [40], and Brink et al. [41] combined the provision of play equipment and playground markings with playground improvements. Verstraete and colleagues provided both play equipment and activity cards which informed children on the activities that could be performed with different pieces of play equipment [35].
[bookmark: d75723e3670][bookmark: d75723e3674][bookmark: d75723e3676][bookmark: d75723e3678][bookmark: d75723e3682][bookmark: d75723e3686][bookmark: d75723e3688][bookmark: d75723e3692][bookmark: d75723e3697]As is shown in Table 1, nearly all experimental studies (n = 11) evaluated intervention effects on time spent in different levels of physical activity during recess. The proportion of time spent in light, moderate and vigorous physical activity and sedentary activity was mostly assessed with the use of accelerometers, with the exception of three studies in which physical activity was assessed by observations [37,40,41], one study that used pedometers [34], and one study that used heart rate telemetry [31,32]. Other observed outcomes were playfulness [43] and post-recess attention [38]. Intervention effects were assessed mostly directly during recess. In case of the provision of playground markings and structural playground improvements, outcomes were assessed with follow-up periods ranging from one month to 12 months.
Observational studies
[bookmark: d75723e3706][bookmark: d75723e3710][bookmark: d75723e3712][bookmark: d75723e3714][bookmark: d75723e3716][bookmark: d75723e3718][bookmark: d75723e3722][bookmark: d75723e3724][bookmark: d75723e3728][bookmark: d75723e3730][bookmark: d75723e3734][bookmark: d75723e3736][bookmark: d75723e3741][bookmark: d75723e3743][bookmark: d75723e3747][bookmark: d75723e3751][bookmark: d75723e3755][bookmark: d75723e3759][bookmark: d75723e3763]Of the 33 included publications, 17 reported on observational studies. Their study characteristics are summarized in Table 2. Five of the 17 observational studies were conducted in the United States [44-48] and the remaining studies were conducted in the United Kingdom [49,50], Australia [51,52], Norway [53,54], New Zealand [55,56], Belgium [57], Sweden [58], Denmark [59], and the Netherlands [60]. Forty-three to 61 percent of the study samples were girls, and sample sizes ranged from seven to 130 schools and from 128 to 36.955 children. Five studies specifically reported on associations in preschools (age range: 2.6 to six years old), nine studies in primary schools (age range: five to 12 years old), and three in other types of schools, such as in secondary schools, middle schools or mixed schools (age range: eight to 15 years old). The study of Nielsen et al. [59] was exceptive, as in this study the association of playground characteristics with physical activity was examined at two time points: at preschool, and at primary school.
[bookmark: d75723e3769][bookmark: d75723e3771][bookmark: d75723e3773][bookmark: d75723e3775][bookmark: d75723e3779][bookmark: d75723e3781][bookmark: d75723e3785][bookmark: d75723e3787][bookmark: d75723e3789][bookmark: d75723e3791][bookmark: d75723e3793][bookmark: d75723e3795][bookmark: d75723e3797][bookmark: d75723e3799][bookmark: d75723e3801][bookmark: d75723e3803][bookmark: d75723e3805][bookmark: d75723e3808][bookmark: d75723e3810][bookmark: d75723e3812][bookmark: d75723e3814][bookmark: d75723e3818][bookmark: d75723e3820][bookmark: d75723e3822][bookmark: d75723e3826][bookmark: d75723e3828][bookmark: d75723e3830][bookmark: d75723e3832][bookmark: d75723e3834][bookmark: d75723e3836][bookmark: d75723e3838][bookmark: d75723e3840][bookmark: d75723e3845][bookmark: d75723e3847][bookmark: d75723e3849][bookmark: d75723e3851][bookmark: d75723e3855][bookmark: d75723e3857][bookmark: d75723e3859][bookmark: d75723e3863][bookmark: d75723e3865][bookmark: d75723e3869]Many different playground characteristics were examined and categorized as either hardware, software, or orgware. With regard to software, some studies made a distinction between fixed and loose equipment [45,49,51,60]. Playground characteristics were assessed through self-reports[53,55] or observations [44-52,54,56-60], mostly with the use of validated instruments, such as the Environmental Assessment of Public Recreation Spaces Tool (EAPRS), Children Activity Scanning Tool (CAST), and Environment and Policy Assessment and Observation instrument (EPAO) [46,52,60]. In accordance with the experimental studies, the outcomes reported in observational studies were mainly in terms of time spent in different levels of physical activity during recess. Physical activity was mostly assessed through observational instruments [44,46-49,51,52,60], four studies used an accelerometer [45,50,56,59], three studies used a self-report instrument [53-55], and two studies used a pedometer [57,58]. In addition to physical activity, Colabianchi et al. [46] also assessed the utilization of the playground through observations.
Methodological quality
[bookmark: d75723e3879][bookmark: d75723e3881][bookmark: d75723e3885][bookmark: d75723e3887][bookmark: d75723e3889][bookmark: d75723e3891][bookmark: d75723e3893][bookmark: d75723e3895][bookmark: d75723e3897][bookmark: d75723e3899][bookmark: d75723e3901][bookmark: d75723e3903][bookmark: d75723e3905][bookmark: d75723e3909][bookmark: d75723e3911][bookmark: d75723e3913][bookmark: d75723e3916][bookmark: d75723e3920][bookmark: d75723e3922][bookmark: d75723e3924][bookmark: d75723e3926][bookmark: d75723e3928][bookmark: d75723e3930][bookmark: d75723e3932][bookmark: d75723e3937][bookmark: d75723e3939][bookmark: d75723e3941][bookmark: d75723e3943][bookmark: d75723e3945][bookmark: d75723e3947][bookmark: d75723e3949][bookmark: d75723e3951][bookmark: d75723e3955][bookmark: d75723e3959][bookmark: d75723e3962]The methodological quality scores of the experimental studies ranged from 4.5 to 10 points on a 14-point scale. Two of the 13 studies (15%) demonstrated high methodological quality [33,41], eight studies (62%) were of moderate quality [28-32,34-36,39,40,43], and three studies (23%) were of low quality [37,38,42]. None of the experimental studies reported on the use of blinding of study participants, personnel who implemented the intervention or outcome assessors. A summary of the methodological quality analysis per study can be found in Additional file 2. The methodological quality of the observational studies ranged from 5.0 to 9.5 points on an 11-point scale. Seven of the 17 observational studies (41%) demonstrated high methodological quality [46,50,52,53,55,58,60], nine studies (53%) were of moderate quality [30,37,44,48,51,54,56,57],[59], and one study (6%) was of low quality [45]. Information on the reliability and validity of instruments for the measurement of playground characteristics was reported by only one and five studies respectively. Detailed information on the quality scores of the observational studies can be found in Additional file 2.
Additional file 2. Table S1. Methodological quality of experimental experimental (n = 13) andTable S2. Methodological quality of observational studies (n=17).
Format: PDF Size: 104KB Download file
This file can be viewed with: Adobe Acrobat Reader[image: Open Data]
Study outcomes
Experimental studies
[bookmark: d75723e3991][bookmark: d75723e3995]Although it was our intention to summarize the effects of (pre)school playgrounds on children’s health in terms of physical activity, cognitive, and social outcomes, nearly all experimental studies (n = 11) focused on physical activity as the primary outcome. Only one study examined the effect a playground-based intervention on cognitive outcomes (i.e., post-recess attention, Holmes et al. [38]) and social outcomes (i.e., playfulness, Bundy et al. [43]).
[bookmark: d75723e4000][bookmark: d75723e4003][bookmark: d75723e4007][bookmark: d75723e4011][bookmark: d75723e4013][bookmark: d75723e4017][bookmark: d75723e4019][bookmark: d75723e4024][bookmark: d75723e4028][bookmark: d75723e4030][bookmark: d75723e4033]In preschools, the effect of decreased playground density was investigated by one study that showed a significant increase of physical activity levels (see Tables 1 and 3) [42]. The provision of play equipment showed mixed effects on physical activity levels of preschool children [33,36]. No effects were found in the two studies that investigated the provision of playground markings and promotion of physical activity by teachers [33,37]. Increase of recess duration was investigated by one single study that showed positive effects on post-recess attention of preschool children [38]. Further, two studies investigated the effects of a multi-component intervention, including a combination of promotion of physical activity by teachers and guided discussions in one study, and the provision of play equipment and playground markings in another study [33,37]. Both studies showed no beneficial effects on preschool children. In summary, taking into account the study design, the sample size and the methodological quality of the experimental studies, there is inconclusive evidence for an effect of the provision of play equipment, playground markings or for multi-component interventions at preschools on children’s health (Table 3). No evidence was generated for the other intervention strategies at preschools.
Table 3. Summary of level of evidence for the intervention strategies used in the included experimental studiesa
[bookmark: d75723e4495][bookmark: d75723e4498][bookmark: d75723e4502][bookmark: d75723e4504][bookmark: d75723e4508][bookmark: d75723e4510][bookmark: d75723e4514][bookmark: d75723e4519][bookmark: d75723e4521][bookmark: d75723e4523][bookmark: d75723e4525][bookmark: d75723e4529][bookmark: d75723e4533][bookmark: d75723e4537][bookmark: d75723e4539][bookmark: d75723e4541][bookmark: d75723e4545][bookmark: d75723e4548]In primary schools, the two interventions that targeted the provision of play equipment were effective with regard to physical activity levels during recess and playfulness (see Tables 1 and 3) [35,43]. The two studies that investigated the effects of the provision of playground markings found mixed effects[31,32]. Allocating play space for team games was investigated by one study that found a significant beneficial effect [34]. Seven studies investigated multi-component playground interventions, of which the majority showed beneficial effects on physical activity levels [29,34,39,41]. Multi-component interventions that showed beneficial effects contained combinations of staff training, play equipment and playground markings [39], the allocation of play space, play equipment and playground markings[34], the provision of playground markings and physical structures [28-30] and the installation of play equipment and asphalt areas [41] respectively. When summarizing the effects into levels of evidence, one can conclude from Table 3 that there is inconclusive evidence for an effect of the provision of play equipment, playground markings and allocating play space in primary schools on children’s physical activity level. Moderate evidence is found for an effect of the use of multi-component intervention strategies. For the remaining separate intervention strategies no evidence is found.
When the evidence for different playground-based intervention strategies is summarized regardless of school type (preschool or primary school), studies generate moderate evidence for an effect of the provision of play equipment, inconclusive evidence for an effect of the use of playground markings, allocating play space or multi-component interventions, and no evidence for an effect of decreasing playground density, the promotion of physical activity by staff and increasing recess duration on children’s health in terms of physical activity, cognitive, and social outcomes.
Subgroups
[bookmark: d75723e4560][bookmark: d75723e4564][bookmark: d75723e4568][bookmark: d75723e4572][bookmark: d75723e4576][bookmark: d75723e4581][bookmark: d75723e4585][bookmark: d75723e4589]With regard to subgroups in which playground interventions are most effective, four experimental studies found stronger effects on the physical activity level and on post-recess attention of girls compared to boys. These interventions entailed the decrease of playground density [42], the presentation and provision of game equipment and activity cards [35], and variations in recess duration [38]. Brink et al. [41] indicated that girls were more active on soft structured surfaces (with play equipment, fall zones and play fields with grass), in contrast to boys who were more active on hard unstructured surfaces (unprogrammed creative play, educational marking areas, sitting and social gathering areas, shade areas). Subgroup analyses in observational studies indicated a more pronounced association between less supervising teachers and physical activity levels in girls [57]. In boys, associations of physical activity levels with the presence of hopscotch and skipping rope areas[53], decreased playground density [57], and the presence of soccer fields [53] were more prominent.
Observational studies
[bookmark: d75723e4598]In Table 4 the associations with physical activity are summarized per type of playground characteristic: hardware, software, and orgware. In preschools, summary codes of association indicate that there is evidence for a positive association between physical activity and playground size (++), the presence of an open field with no markings (++), a structured track (+++), decreased playground density (++), and increased recess duration (++). Negative associations were found for the presence of slides (- - -), a sandbox (- - -), swinging equipment (- - -), and supervision (−−).
Table 4. Summary of associations between playground characteristics and physical activity in (pre)school children, according to included observational studies
In primary, secondary or mixed schools, summary codes of association indicate no associations of hardware playground characteristics with physical activity. Of the software characteristics, the provision of play equipment (++), balls (+++), portable (++) and fixed equipment (+++), and hopscotch/skipping rope area (+++) were positively associated with physical levels. With regard to the orgware playground characteristics, no organized activities (++) and decreased playground density (++) were positively associated with recess activities. Negative associations were found with physical activity for trash cans (- - -) and water and swimming facilities (- -).
When the associations between playground characteristics and physical activity are summarized regardless of school type (preschool or primary, secondary, or mixed school), there is no longer an association between hardware playground characteristics and children’s physical activity level. Decreased playground density and no organized activities are positively associated with children’s physical activity, as well as the provision of portable and fixed play equipment (including balls), the presence of a hopscotch/skipping rope area, an open field with no markings, and a structured track.
[bookmark: sec4]Discussion
[bookmark: d75723e6769][bookmark: d75723e6771][bookmark: d75723e6773]Overall, this review found moderate evidence for an effect of the provision of playground equipment on physical activity levels of children at preschools and primary, secondary or mixed schools. There was inconclusive evidence for an effect of the allocation of playground markings and more play space and for multi-component interventions on children’s health in terms of physical activity, cognitive and social outcomes. These results are in accordance with previous reviews that also showed no conclusive evidence of playground interventions at primary schools [22,24,25]. Evidence for playground intervention effects was only slightly different for primary schools and preschools. At primary schools, there was moderate evidence for an effect of the use of multi-component interventions on children’s physical activity level, in contrast to inconclusive evidence at preschools. For the other intervention strategies no (conclusive) evidence was found nor in primary schools nor in preschools.
Boys versus girls
[bookmark: d75723e6783][bookmark: d75723e6787][bookmark: d75723e6791]Four of the 13 experimental studies performed subgroup analyses and found stronger effects on the physical activity level and on post-recess attention of girls compared to boys. According to Verstraete et al. [35] this might be explained by the fact that boys are already very active at baseline level, making it difficult to find significant improvements due to an intervention. The fact that girls more often engage in social talk on playgrounds and choose sedentary play activities and games also make them more susceptible for improvements [49]. Lastly, it is known that boys often engage in ball games. Decreasing playground density, as performed in the study of Van Cauwenberghe et al. [42] may allow girls to increasingly engage in their own type of games/physical activities, without being dominated by e.g., boys or supervisors. Since the main reasons for the difference in playground physical activity levels between girls and boys are not yet known, future studies on this topic should contain subgroup analyses according to sex in their design.
Additional findings from the observational studies
Next to 13 experimental studies, 17 observational studies have been summarized in our review. The observational studies indicate that among preschoolers, mainly hardware and orgware playground characteristics (i.e., increased playground size, decreased playground density, and increased recess duration) are associated with an increase in physical activity level during recess. However, among children on primary, secondary or mixed schools, software characteristics (i.e., play equipment) are mainly positively associated with increased physical activity levels. It seems that for preschool children, having sufficient space to play and having optimal playground conditions (open field, no supervision, longer recess duration) may be sufficient to be physically active.
Observational studies versus experimental studies
[bookmark: d75723e6807][bookmark: d75723e6809]Although randomized controlled trials remain a prominent study design in clinical research, they depend on plausibility and adequacy arguments from observational studies to make hypotheses about causal relationships credible [61,62]. Overall, results from observational studies in our review indicate that particularly hardware and orgware playground characteristics (i.e. playground size, decreased playground density and increased recess duration) are associated with children’s physical activity levels at preschools. However, experimental studies found no evidence for this, mainly due to the small amount of studies that investigated the effects of these strategies. Second, observational studies also show that the provision of play equipment is associated with children’s physical activity levels, particularly in primary, secondary or mixed schools. Unfortunately, experimental studies were not able to generate conclusive evidence for the provision of play equipment at primary, secondary or mixed schools. However, regardless of school type, we found moderate evidence for the use of play equipment. Aiming for observational and experimental studies to be complementary, fellow researchers are advised to take results from observational studies into account when designing an experimental study and vice versa.
Limitations and recommendations
Based on study design, sample size, methodological quality and intervention effect, nearly all intervention strategies did not reach moderate or strong levels of evidence. At first sight, when looking at the percentage of studies that found positive effects, some playground interventions seemed to have significant beneficial effects in this review. However, because of a lack of large randomized controlled trials with high methodological quality in this review, levels of evidence did not reach moderate or strong levels. We realize that the application of a randomized study design in experimental studies is hampered by the nature of environmental interventions, and by the context of the study. For example, some interventions were based on governmental funding aiming to improve environmental facilities of deprived schools, and for this reason no randomization procedure could be carried out. However, we strongly advise researchers to conduct more large RCTs investigating environmental interventions, in order to draw conclusions that are more valid. The effects of the improvement of e.g., organizational factors in (pre)school playgrounds could be investigated by allocating a number of preschools to either an intervention or a control condition.
[bookmark: d75723e6821]A second limitation is that the outcomes of this review do mainly account for physical activity and can therefore not be generalized to other types of outcomes. Investigation of the association of (pre)school playgrounds with cognitive, and social economic outcomes is highly relevant, and researchers are urgently invited to focus on these outcomes in future observational and experimental studies. With regard to generalizability, the results of this review are mainly limited to studies performed in preschools or primary schools. Only two studies explored associations of playground characteristics with physical activity during recess at secondary schools. Since many adolescents fail to achieve the requirements for sufficient physical activity [63], it is recommended to examine the value of playgrounds for this age group as well. Another limitation that should be kept in mind is the variability in the type of school playgrounds examined in this review. Although the majority of the studies were conducted in the United States or United Kingdom, playgrounds differ in e.g., their size, shape, vegetation, and climate, depending on their geographical location. These differences might have influenced the effects and associations found in the studies included in the review.
[bookmark: sec5]Conclusion
Overall, findings demonstrate inconclusive evidence for positive effects of playground interventions in a (pre)school setting on children’s physical activity levels. Looking at the evidence on the value of different playground-based intervention strategies, moderate evidence was generated for an effect of the provision of play equipment at all school types, and for an effect of multi-component interventions, including the provision of playground markings, play equipment and/or play space on the physical activity level of children at primary schools. No evidence was found for other health effects of playground-based interventions in terms of cognitive and social outcomes. For preschool children, having sufficient time and space to play seems to be sufficient to be physically active. In primary, secondary or mixed schools on the other hand, the presence of fixed play equipment appears to be a predictor of children’s physical activity level during recess. In order to strengthen the findings of this review, researchers are advised to conduct more high quality experimental studies with a large sample size and randomized controlled design. Further, future research should examine the effect of playground-based interventions on other outcomes than physical activity. In addition, future research should also focused on additional assessment of implementation strategies and process evaluations to reveal which intervention strategies and playground characteristics are most effective.
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