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A B S T R A C T   

Nature-based daycare centers offer young children valuable opportunities to establish a meaningful connection 
with the natural world. These opportunities frequently remain underrealized as caregivers often lack adequate 
skills in effectively integrating the natural environment into their daily pedagogical practices. This study eval-
uated the impact of a one-year Community of Practice training program to enhance the pedagogical use of the 
outdoor area of nature-based daycare centers. It examined the impact of the program on children’s stress levels, 
wellbeing, involvement, and behavior in the outdoor area, among a total sample of 133 children aged 0–4 years. 
The program aimed at strengthening caregivers’ pedagogical interaction skills in the outdoor area with a focus on 
vulnerable groups including the youngest and oldest children and boys. Measures of children’s hair cortisol, and 
observations of wellbeing, involvement, physical activity, social behavior and play behavior during free play in 
the natural outdoor playground were collected post-program at 6 intervention and 7 control locations. Results 
indicate positive impacts of the program for boys in terms of their stress levels, wellbeing, involvement, physical 
activity, and creative play behavior. Youngest children at interventions showed more functional play behavior, 
while the oldest children showed more creative play. Children at locations with a high-quality outdoor area 
seemed to benefit more from the intervention than children at locations with a low-quality outdoor area. These 
findings underscore the importance of the pedagogical use of the outdoor natural area as a contributor to the 
effectiveness of nature-based daycare, alongside considerations of environmental qualities.   

1. Introduction 

In today’s fast-paced world, many young children spend a significant 
portion of their time in daycare centers, often starting at a very early 
age. This development has raised concerns about how these environ-
ments influence children’s wellbeing. In particular, parents and care-
givers have expressed concern about whether daycare centers provide 
sufficient opportunities for young children to make contact with the 
natural world as an essential aspect of early childhood development 
(Verstrate and Karsten, 2015). In response to these concerns, many fa-
cilities have begun to integrate natural elements into their outdoor 
environment (Puhakka et al., 2019). At these nature-based daycare 
centers, children spend a large amount of their time outdoors in nature. 
However, mere exposure to nature may not be sufficient for children to 
reap the benefits of nature (Richardson et al., 2021). Children need to 

actively engage with nature in an autonomous manner to build a deeper 
connection with nature that supports their well-being throughout the 
lifespan and inspires them to take responsibility to care for nature and 
the planet (Chawla, 2020). Against this background, professional 
development of pedagogical staff on how to utilize the outdoor play and 
learning environment constitutes a key challenge for early childhood 
education and care (ECEC) (Cooper, 2015). To address this challenge, 
we conducted a Community of Practice program for staff of nature-based 
daycare centers aimed at strengthening the pedagogical use of the out-
door natural area. In this paper, we describe the results of an evaluation 
of this program on children’s stress, wellbeing, involvement and play 
behavior. 
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1.1. The importance of nature in early childhood 

Childhood is a critical period in which humans make a connection to 
other living beings in the natural world (Kahn and Kellert, 2002). While 
most research on children’s connectedness to nature has focused on 
children in the school age (6–12 years), there are indications that the 
foundations of the human bond with nature are already laid at a very 
early age, when children start to explore their environment with all their 
senses (Rice and Torquati, 2013). Through active sensory engagement 
with their surroundings, young children are encouraged to interact, 
explore, transform, and care for the natural environment, harnessing all 
their senses and physical capacities (Brussoni et al., 2015). In general, 
children have a strong intrinsic motivation to affiliate with nature early 
in life, which is, among other things, shown by the popularity of animals 
and nature in children’s books (Moore and Cooper-Marcus, 2008). 

A growing body of evidence shows that connectedness to nature is 
positively associated with many aspects of healthy child development 
(Chawla, 2020; Richardson et al., 2019). For example, one study found that 
very young children with high parent-rated levels of connectedness to na-
ture had higher scores on the Strengths and Difficulties Questionnaire, a 
widely used measure of young children’s social and emotional health 
(Sobko et al., 2018). Across different age groups, children with more op-
portunities to engage with and connect to nature tend to display a better 
mood and mental health, more self-esteem and better self-regulation and 
motor skills, more pro-social and creative play behaviors, and better 
attention skills (see for reviews, (Dankiw et al., 2020; Fyfe-Johnson et al., 
2021; Johnstone et al., 2021; Mygind et al., 2021; Putra et al., 2020; Till-
mann et al., 2018; Vanaken and Danckaerts, 2018; Weeland et al., 2019). 

Apart from the immediate benefits on children’s health and well- 
being, there may also be life-long positive impacts of childhood nature 
experiences. Retrospective studies have, for example, revealed that 
adults who engaged in nature-based activities at a young age exhibit 
more life satisfaction and more pro-environmental behaviors and atti-
tudes later in life (Pensini et al., 2016; Wells and Lekies, 2006). This 
pathway from childhood nature experiences to adult well-being and 
environmentalism is believed to entail a gradual process. Children 
initially form attachments through active engagement with nature 
nearby, gradually extending these feelings to encompass nature at large. 
In adults, this connection to nature translates into greater happiness and 
pro-environmental behavior, suggesting a potential ‘happy path to sus-
tainability’ founded on fostering children’s affinity with nature (Nisbet 
and Zelenski, 2011). 

1.2. Nature-based daycare 

Nature-based daycare supports children in making a connection with 
nature in the earliest years of their lives. The concept dates back to the 
1950 s and 60 s, when parents in Denmark, Germany and other Scan-
dinavian countries, enthused by the writings of Thoreau, Muir and other 
philosophers, and inspired by their own early childhood experiences 
with nature, took the initiative to establish forest preschools (also called 
Waldkindergarten in Germany, or Naturbørnehavens in Denmark) (Ulset 
et al., 2017). At forest preschools, which can still be found in many 
countries across the world, children spend several (or sometimes even 
all) days a week outdoors in nearby natural areas, with limited or no 
indoor facilities (Harwood et al., 2017; Leather, 2018). 

In recent years, a different approach to nature-based daycare has 
emerged, with growing numbers of daycare centers taking the initiative 
to green their outdoor play area with grass, bushes, trees, water bodies, 
sand pitches and other types of natural features (Verstrate and Karsten, 
2015). At these daycare centers, children can experience nature on the 
center’s own premises. A key difference with forest schools is that the 
outdoor areas are not naturally grown, but designed by landscape ar-
chitects and other professionals. Besides natural features, the play areas 
typically also contain nature-inspired play equipment, like mud 
kitchens, willow arches, jungle gyms, climbing structures made of wood, 

and rock tunnels. Another difference with forest schools is that peda-
gogical staff, mostly young women, often has not been trained or 
educated on how to optimally use the natural play area in their daily 
pedagogical practices. According to experiences of professionals work-
ing in green daycare, shared with the research team, much of the staff 
tends to consider time outdoors mostly a break, during which there is 
time to chat with colleagues and drink a cup of tea or coffee. If more 
actively involved, they tend to be (too) directive, guiding children in 
their play behavior, instead of letting the loose materials and affor-
dances of the natural environment guide the children. 

1.3. Strengthening pedagogical use 

The concept of attentive presence, which was originally developed in 
the field of healthcare (Klaver and Baart, 2011), provides a useful 
starting point for improving the pedagogical use of nature in daycare. 
Following this approach, caregivers are stimulated to be fully present on 
what is happening in the moment, accept what is happening as it is, and 
have eye for how the child is captured and guided by affordances in the 
environment, and support the child in doing so. Training staff to be more 
attentively present may be especially helpful for boys, who have been 
identified as a high-risk group exhibiting more problem behavior than 
girls in early childcare settings (De Schipper et al., 2004). This gender 
difference has been attributed to the more feminine interaction style that 
is common for both female and male caregivers in daycare (Van Polanen 
et al., 2017; Wernersson, 2015). 

Older children (preschoolers) who are ahead of the younger children 
in their development and who are about to enter primary school, are also 
more likely to experience stress in daycare because the pedagogical 
program of the centers is not tailored to meet their needs for more 
cognitive stimulation (Keenan and Shaw, 1997). Being guided by staff 
that lets them move around freely and supports them in making sense of 
the environment may also benefit this group (Bowlby, 2007). The same 
might apply to the very youngest (babies and toddlers) who are often not 
even allowed to spend time outdoors in a relatively independent 
manner. In general, a pedagogical approach in which children are 
allowed to spend time exploring the environment on their own with staff 
attentionally present may be especially beneficial for boys and the 
youngest and oldest age groups. 

1.4. Collaboration in action as an approach to stimulate pedagogical use 
of nature 

Changing professional practices is a complex and challenging task 
(Hargreaves and Fullan, 2015). Even when change is perceived as needed 
or beneficial, mixed feelings about the change process can cause in-
dividuals to resist. Collaborative action provides a way for staff of daycare 
centers to achieve professional change through working in Communities of 
Practices (COPs) with each other and external researchers, experts, and 
facilitators as part of the community (Sagor, 2010). It involves a recursive, 
spiral cycle of inspiring, planning, acting, observing, reflecting, 
re-inspiring, re-planning, and re-enacting. It also requires a commitment of 
all partners to knowledge development (Mertler, 2019). After each step in 
the cycle, professionals reflect on their experiences and share their re-
flections with the other members. Professionals also become researchers 
by evaluating the effects of new tasks or approaches. In addition to this 
‘within-program’ knowledge development, it is important to collect 
objective data on the ‘post-program’ impact of the COP on children as the 
end-users of the program. Such evaluations can provide a justification for 
the implementation of a COP program. 

1.5. The present research 

The present research evaluated the impacts of a collaborative action 
COP program to strengthen the pedagogical use of outdoor areas at 
nature-based daycare centers on stress, wellbeing, involvement, and 
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play behavior of children aged 0–4 attending daycare. Few studies on 
children and nature have thus far looked at such a young age group. 

Given their limited capacity for verbal exchanges, research with very 
young children requires the use of implicit and observational measures. 
Following this consideration, the impacts of the COP program were eval-
uated using (a) hair cortisol concentrations as a non-invasive indicator of 
stress levels in the past four months (Groeneveld et al., 2013; Russell et al., 
2012), (b) observations of children’s wellbeing and involvement during 
free outdoor play (Laevers et al., 2005), and (c) observations of play 
behavior (including non-play, social behavior and physical activity) in the 
outdoor natural area as additional measures for children old enough to 
move around independently (Rubin, 2001). For each of the outcome 
variables, we looked at potentially greater positive impacts of the COP 
program for vulnerable groups, including the youngest and oldest chil-
dren, and boys. We also examined possible differences between daycare 
centers with a low and high quality of the outdoor area. 

2. Method 

2.1. Daycare centers 

Participating daycare centers were all certified by branch organization 
of nature-based daycare Green Cement, and they were recruited via this 
organization. First, daycare centers were invited to participate in the COP 
program. Next, potential control locations that matched the intervention 
centers in characteristics like size and urbanity were approached. Our 
original research protocol included 24 daycare centers, divided into 12 
intervention locations that participated in a COP program for strength-
ening the pedagogical use of the outdoor environment, and 12 matched 
control centers that did not participate in such a program. All 12 inter-
vention locations completed the COP program, but due to Corona re-
strictions we were only able to visit 6 of the intervention locations and 7 of 
the control locations afterwards to evaluate the impact on children’s stress 
levels, wellbeing, involvement, physical activity, social behavior and play 
behavior. As a result, the centers that participated in this evaluation study 

were not as well-matched as was originally planned. 
The final number of 13 daycare centers that participated in this study 

were assessed on the following characteristics: 
Urbanity and size: These characteristics were derived from objec-

tive geographical data provided by the Dutch Bureau of Statistics and 
the National Land Registry, using common classifications based on the 
postal code of the locations. 

Naturalness and quality of the outdoor environment. During 
their visits to the locations the researchers assessed the naturalness and 
quality of the outdoor area. Naturalness was assessed by giving an es-
timate of the percentage of the outdoor area covered by greenery and 
other natural elements. These estimates were divided into three broad 
classes: Low (40–60%), medium (60–80%) and high (>80%). Quality of 
the outdoor environment was assessed on-site using an adapted 12-item 
version of the checklist for the quality of daycare centers by branch 
organization Green Cement. Sample items are: “is suitable to explore 
with all senses”, “contains loose natural materials”, and “There are 
places for children to hide”(see for all items Table A2 in Appendix A). 
Each item was scored on a 4-point scale ranging from 0 = low quality to 
4 = high quality. Reliability of the scale was good, Cronbach’s alpha =
.94. Scores were divided in two categories of relatively low and high 
quality based on scores higher and equal or lower than 3. 

Fig. 1 gives an impression of the outdoor areas at the participating 
centers with close-ups of places for children to hide. 

Table 1 gives an overview of the characteristics of intervention and 
control locations. Intervention locations are more often located in highly 
urban areas and have smaller outdoor areas. However, despite their 
smaller size, all intervention locations have a high-quality outdoor area 
with abundant affordances and loose parts. Intervention locations and 
control locations are similar in naturalness, with the majority of centers 
in both groups having a predominantly natural outdoor area that is 
covered for more than 80% with vegetation and natural elements 
(shrubs, trees, plants, grass, trees, vegetable gardens, water features, 
animals, tree trunks). 

Fig. 1. Impressions of the outdoor area at nature-based daycare centers that participated in the study with overviews of the areas in the top panel, and close-ups of 
features that afford opportunities to hide, alone or with peers. (all photos reproduced with copyright permissions). 
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2.2. Children 

The final study population consisted of 133 children, aged 0–4 years. 
Data on wellbeing and involvement were complete for 111 children. 
Data on physical activity and play behavior were complete for 96 chil-
dren. Because not all parents gave permission to cut off a piece of their 
child’s hair, hair cortisol was collected for a smaller sample of 79 chil-
dren. In this latter group, there were incomplete data for age. Table 2 
gives an overview of the characteristics of children at intervention and 
control locations in the three subsamples. 

There are less children in the intervention than in the control groups. 
However, for each of the three subsamples, the two groups are similar in 
age and gender distribution. Crosstabs analyses for each of the three 
subgroups revealed that within the control and intervention groups, 
there are no significant differences in the distribution of girls and boys 
across age groups, ps > .31. This indicates that impacts of age and 
gender can be examined independently. 

2.3. Intervention 

For each of the intervention locations, a Community of Practice 
(COP) was formed, consisting of 5–16 pedagogical staff members and 
managers, a member of the research team, and an expert from the 
branch organization of nature-based daycare or a nature education or-
ganization. The COP program included four meetings of half-a day, held 
over a period of a year, in which staff were stimulated to reflect on the 
pedagogical quality of the proposed outdoor activities and ideas in 
relation to different target groups the presupposed effect, and the 
practical feasibility in daycare. The details of the COP program are 
described elsewhere (Joven and Hovinga, 2017). Below we give a brief 
summary. 

The general apprgaroach of the COP program was focused on 
strengthening caregiver interactive skills (Helmerhorst et al., 2014) in 
relation to the use of the outdoor play area. In particular, staff was 

stimulated to be ‘attentively present’ (Klaver and Baart, 2011). The 
meetings were combined with ‘homework’ assignments for staff to try 
out and evaluate the activities in the three months between each 
meeting. For example, as one of the assignments, staff were asked to 
make video clips with their phone of moments in which they interacted 
with the children, and write a reflection on how they see themselves 
interacting with the children and discuss their insights with the group. 

The COP program started with a kick-off meeting during which the 
staff members were informed about the program and the research. The 
next four meetings each started with a reflection and evaluation of the 
activities and innovation development by the staff as well as the re-
searchers. This was followed by an inspiration session in which experts 
provided examples of possible outdoor activities for age groups 0–4 and 
ideas for the design of the outdoor space, materials, activity forms and 
organizational skills. The meetings ended with the formulation of a new 
action plan. Staff who participated in the COP program were stimulated 
to share their insights and experiences with their co-workers at the 
daycare center to set into motion a process of taking responsibility and 
self-management. 

Table 3 gives an impression of the activities developed by the staff 
during the program, as shared in their reflections of the video they made 
of themselves interacting with the children while trying out the 
activities. 

2.4. Child measures 

Within two months after the COPs were completed, six daycare 
centers that participated in the COP program and seven control locations 
that did not participate were visited by two members of the research 
team. During the visit, the following measures were obtained from 
children who had parental permission to participate: 

Hair cortisol. Cortisol is a well-known implicit hormonal measure of 
stress, as a final product of activation of the hypothal-
amic–pituitary–adrenal axis. Cortisol levels have been determined 
mostly in blood or saliva, which is not suitable for young children. 
Measurement of cortisol in human scalp hair provides an alternative 
non-invasive way of measuring long-term stress in young children. 
Children’s hair samples were collected following standard procedures 
and sent to the Institute of Biopsychology, TU Dresden, where they were 
analyzed for concentrations the stress hormone cortisol during the past 
four months using an immunoassay kit with chemiluminescence detec-
tion (see (Kirschbaum et al., 2009), for a detailed description of the 
process). Visits to the daycare centers took place about 2 months after 
the last COP meeting, thus hair cortisol concentrations roughly repre-
sent the four months around the end of the COP program. Hair cortisol 
concentrations for the three- and four-month back segments could not be 
determined for 9 children, because their hair was not long enough. To 
address positive skewness, natural log transformations of concentrations 
for each of the four one-month segments were used for analysis. 

Wellbeing and Involvement. Children’s wellbeing and involve-
ment were assessed during the second minute of observation using the 
SICs (ZiKo) instrument (Laevers et al., 2005). The instrument can be 
applied to all children, including the very young, and distinguishes five 

Table 1 
Characteristics of intervention and control locations.  

Characteristic Control Intervention 

Nr. of locations 7 6 
Urbanity   

Low 5 (71.4%) 0 (0.0%) 
Moderate 1 (14.3%) 4 (66.7%) 
High 1 (14.3%) 2 (33.3%) 

Size outdoor area   
Small (< 350 m2) 1 (14.3%) 4 (66.7%) 
Medium (350-850 m2) 2 (28.6%) 1 (16.7%) 
Large (≥ 850 m2) 4 (57.1%) 1 (16.7%) 

Naturalness   
40-60% vegetation 1 (14.3%) 1 (16.7%) 
60-80% vegetation 1 (14.3%) 1 (16.7%) 
> 80% vegetation 5 (71.4%) 4 (66.7%) 

Quality outdoor area   
Mean score/SD 3.20 (0.85) 3.69 (0.31) 
Score > 3 4 (57.1%) 6 (100%)  

Table 2 
Characteristics of three subsamples of children at daycare centers in the intervention and control group.   

Wellbeing/Involvement Play/Social/Physical Activity Hair Cortisol 

Characteristic Control Intervention Control Intervention Control Intervention 

Nr. of locations 7 6 7 5 7 6 
Nr. of children 69 42 69 27 43 36 
Nr. of girls 32 (46.4%) 19 (45.2%) 30 (44.8%) 14 (48.3%) 20 (46.5%) 18 (50.0%) 
Age group       

4-18 months 9 (13.0%0 6 (14.3%) 10 (14.9%) 5 (18.5%) 9 (20.9%) 5 (13.9%) 
18-36 months 34 (49.3%) 20 (47.6%) 39 (58.2%) 16 (59.3%) 21 (48.8%) 16 (44.4%) 
36-48 months 26 (37.7%) 16 (38.1%) 18 (26.0%) 8 (29.6%) 12 (27.9%) 10 (27.7%) 
unknown - - - - 1 (2.3%) 5 (13.8%)  
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levels of wellbeing and involvement, ranging from 1 = very low to 
5 = very high (see Table A1 in Appendix A for a description of the 
levels). 

Physical Activity. The level of physical activity during the play 
observation period was assessed using a three-point scale with cate-
gories 1 = sedentary, 2 = moderate, 3 = intensive. 

Play Behavior. Within the first minute of the observation period, 
play behavior was coded using the five cognitive play categories from 
the Play Observation Scale (POS, (Rubin, 2001): functional play, 
games-with-rules, constructive play, dramatic play and exploratory 
play. For each interval of 10 s the observers put a cross in the box of the 
dominant behavior during that period. If the child was not engaged in 
any of the five play behaviors the behavior was coded as non-play 
behavior. For the youngest, sensorimotor play was classified as func-
tional play, and sensopathic play as exploratory play. Because there 
were relatively few observations in the categories of constructive, dra-
matic and exploratory play, these categories were combined into one 
category of creative play. The category of games-with-rules also 
included very few observations in this young age group, and therefore 

was combined with the category of functional play. For each child, the 
total percentage of time engaged in functional, creative play and 
non-play was calculated as the number of intervals in which the 
behavior was observed, with 0 = 0%, 1 = 17%, 2 = 33%, 3 = 50%, 
4 = 67%, 5 = 83% and 6 = 100%. With the total amount adding up to 
100%. 

Social Behavior. For each of the six 10-second intervals, the ob-
servers also checked whether the child was playing or spending time 
alone or with others (parallel or in a group). Time engaged in social 
behavior was calculated as the number of intervals in which the 
behavior was observed, with 0 = 0%, 1 = 17%, 2 = 33%, 3 = 50%, 
4 = 67%, 5 = 83% and 6 = 100%. 

2.5. Procedure 

A set of materials including information brochures, parental consent 
forms, a protocol for location visits, and forms for observations of chil-
dren and sites was developed by the research team in collaboration with 
members of the project’s advisory board and professionals with hands- 
on experience with research at daycare centers. The protocol and ma-
terials were tested for practical feasibility at two pilot daycare centers. 

After the pilot phase, intervention and control daycare centers were 
visited by two (out of three) trained observers who were blind to the 
control or intervention status of the center. All visits started early in the 
morning, after all children had arrived at the center. Upon arriving, a 
staff member handed the signed parental consent forms and a list with 
initials of participating children to the observers. Outdoor observations 
started as soon as children had free play time outdoors, depending on the 
day schedule of the organization. With the help of staff members chil-
dren who were eligible for participation were identified and individually 
observed for two minutes. Hair-cutting for the cortisol analysis took 
place during a quiet moment, usually when children were sitting at a 
table indoors for lunch or a snack. To make the procedure less stressful 
for the children, cutting was done in a playful manner, with one of the 
observers presenting herself as a hairdresser and asking whether the 
child would want a special hair treatment. Hair samples of approxi-
mately 100 strands were cut from the back of the child’s head using 
small surgical scissors, as close to the scalp as possible. Hair locks were 
then taped to a piece of paper with the scalp end marked and stored in an 
envelope at room temperature until further analyses. At the end of the 
day, the observers filled in a form with questions about the character-
istics of the center, including the quality checklist. 

Additional information on the background characteristics of the 
children and characteristics of the locations was obtained through an 
online survey that was filled in by a staff member of the organization 
familiar with the children. Due to low response, data on children’s 
background characteristics (except for gender and age, which were 
registered during the visits) were incomplete and will not be used in this 
paper. 

2.6. Data analysis 

The data follow a hierarchical structure, with children nested in 
daycare centers. Preliminary multilevel analyses using the general 
mixed model procedure in SPSS showed that, in the empty model, there 
was no significant variance at the daycare center level for all dependent 
variables (ICCs <. 03 for hair cortisol, wellbeing and involvement, and 
<.08 for physical activity and play and social behavior). These out-
comes, together with the relatively small number of 13 daycare centers, 
indicate that multilevel analysis (which takes into account the clustering 
of the data) is not required. We therefore conducted all analyses at the 
individual level. Differences between control and intervention locations 
were analyzed using ANCOVA, with gender and age group as covariates, 
and with separate two-way ANCOVAs to test for moderating effects of 
gender (with age as covariate) and age (with gender as covariate). Size 
of the location (small, medium, large) was also included as a covariate 

Table 3 
Activities developed by staff of intervention centers to improve interaction skills 
in the outdoor space, as described in staff’s own words while describing video 
clips of their interactions (translated from Dutch).  

Activities for babies and toddlers 

Exploring nature: I am outside with 2 babies (9 and 10 months) under the pergola in the 
play corner for the babies. One boy is an active little boy and immediately goes to 
investigate. The other guy first looks around calmly and picks up some leaves and twigs to 
put in his mouth. (description # 11.1) 

Tactile board: We are sitting in the baby garden and I have hung up the tactile board. I sat 
down and then 3 toddler-aged children joined us. Together we go through all the boxes on 
the tactile board and feel and name them. It contains materials of: stones, rope, mop, 
shells, nuts, tile, other stones and felt flowers. The flowers they touched were now coming 
loose and they were neatly released into my hands. I’ll have to put this back on again. 
(description # 24.1) 

Activities for boys 

Water fun: Lunchtime with 8 children (6 boys) in the garden. We play with loose wood 
discs and create a course together. If you fall off you will be in the water and we all want to 
go to the island together. The children participate enthusiastically. Only one child first 
watches from a distance. (description # 8.1). 

Lifting stones: I’m at the hill. There are large boulders and stones on the hill. These are 
normally not there. A little boy notices this immediately. "What is this?" Then we start a 
conversation. We are talking about the differences in stones. Boy indicates that there are 
big ones and small ones. I ask if he can lift the big one. Wow. He can do this! He can lift 
two of the little ones. He is proud. (description # 19.1) 

Activities for older children 

Naming objects: I look in the sandbox with a child to see what is there, we start very 
seriously to name what is there. We also look at the mud kitchen. There are two of us there. 
We have a chat together (description # 20.1). 

Splashing the mud: We are in the backyard, there is a lot of mud and puddles due to 
the rain. It is around noon that most of the younger children sleep. It is dry and I take three 
older children outside. They collect tree trunks from the puddles and then throw them into 
them hard, the water splashes in all directions. They even jump in the puddles. Everyone is 
completely wet and their faces are covered in mud. My pants and shoes are also wet and 
full of mud. (description # 33.1) 

General activities 

Planting a berry bush: We are in our garden together with about 10 children of all ages; 
we have just discussed where the berry bush will be planted. Everyone gets a shovel or 
rake; I film, while my colleague instructs the children. Together we compliment what they 
are doing and ’mirror’ what we see to the children. We also set boundaries together while 
shoveling and planting is taking place. The children are very involved, find it very 
interesting, educational and want to help. At the end, a watering can is filled with water 
and the bush is watered. (description # 42.1). 

Earthworm: We are outside in the front garden with 5 children. […]. The children give 
dried apples from the tree to the chickens in the coop. Then a child comes to me from the 
other side of the garden. Excited because she found an earthworm. She holds it carefully in 
her hand. We talk about the worm; watch how he moves. Pass the worm to each other. Not 
every child dares to do this. We do not feed the worm to the chickens. But end the activity 
by collecting leaves and covering the soil after we have put the worm back on the soil. 
(description # 33.1)  
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the best approximate of the objectively measured location characteris-
tics which were strongly correlated. In a final series of analyses we also 
tested for moderating effects of location characteristics, with age and 
gender as covariates. 

Functional, creative and non-play behavior (which add up to 100%) 
were analyzed with multivariate tests. Hair cortisol was analyzed with 
repeated measures for log transformed four one-month segments. Re-
sults are presented as raw data, with test statistics controlled for cova-
riates. In addition to reporting p-values, effect sizes were calculated to 
quantify the magnitude of observed effects. Specifically, partial eta 
squared (Ƞp

2) was used to estimate the proportion of variance in the 
dependent variable explained by the independent variable(s), with ef-
fect sizes of around 0.01 indicating a low effect size, around 0.06 indi-
cating a medium effect size, and around 0.14 or higher indicating a high 
effect size. Percentages of children with high or very high scores in 
different subgroups are calculated using crosstabs for easy and mean-
ingful interpretation of the findings. 

3. Results 

Table 4 provides an overview of the mean values for each outcome 
variable with numbers of children with complete data. In the following 
sections we will discuss for each variable the differences between con-
trol and intervention locations, with graphical illustrations of moder-
ating effects of gender, age and quality of the outdoor area. Tables B1-B3 
in Appendix B provides a detailed overview of mean scores and test 
statistics in control and intervention conditions. 

3.1. Hair cortisol 

Repeated measures ANCOVA of children’s log-transformed hair 
cortisol concentrations in the past four months, controlled for gender, 
age and size of locations, shows no significant differences in stress levels 
between control and intervention locations, neither as a main effect, nor 
in interaction with time, ps > .18. There is, however, a near-significant 
two-way interaction between intervention and gender for the mean 
cortisol concentrations, F (1,57) = 3.86, p = .05, Ƞp

2 = .06. As illustrated 
in Fig. 2, at control locations boys on average had somewhat higher 
concentrations of hair cortisol (and thus more stress) than girls. At 
intervention locations boys had somewhat lower concentrations of hair 
cortisol (and thus less stress) than girls. Overall, the analyses of hair 
cortisol suggest a positive impact of the COP program on boys and a 
negative impact on girls. However, the differences are small and only the 
contrast between boys and girls in the intervention condition reaches 
near-significance, p = .08, Ƞp

2 = .11. There are no significant 

associations between age and cortisol, neither as a main effect, nor in 
interaction with the intervention, ps > .35. 

3.2. Wellbeing and involvement 

On average, children at intervention locations score about a quarter- 
point higher on the 5-point wellbeing scale while playing in the outdoor 
area, M = 3.54, SE = 0.10, than children at control locations, M = 3.25, 
SE = 0.80, a significant difference after controlling for age, gender, and 
location size, F (1,106) = 5.67, p = .02, Ƞp

2 = .05. At intervention lo-
cations, 50% of the children have a score of 4 or 5, indicating high or 
very high wellbeing, while at control locations only 25% of children 
have a high or very high score. Boys show higher wellbeing, M = 3.54, 
SE = 0.08, than girls, M = 3.24, SE = 0.09, F (1,105) = 6.10, p = .02, Ƞp

2 

= .06. As illustrated in Fig. 3, the difference in wellbeing between 
control and intervention locations mostly applies to boys, as indicated 
by a marginally significant interaction effect, F (1,105) = 3.19, p = .08, 
Ƞp

2 = .03. There are no significant effects of age on wellbeing, neither as 
a main effect nor in interaction with the intervention, ps > .17. 

On average, children at intervention locations were observed to be 
about equally involved during outdoor play, M = 3.30, SE = 0.11, as 
children at control locations, M = 3.32, SE = 0.14. However, differences 
between intervention and control locations are moderated by gender, F 
(1,105) = 7.43, p = .008, Ƞp

2 = .07, controlling for age and size of the 
location. As illustrated in Fig. 4, boys at intervention locations show 
more involvement than boys at control locations, while girls at inter-
vention location show somewhat less involvement than girls at control 
locations. There are no significant effects of age on involvement, neither 
as a main effect nor in interaction with the intervention, ps > .40. 

Table 4 
Mean values (standard deviation between brackets) and percentages for all 
outcome variables, with numbers of children with complete data on each 
variable.  

Outcome variable N Value 

Hair cortisol (Mean/SD)     
1-month back  79  9.37 (18.99) 
2-months back  78  13.04 (28.80) 
3-months back  70  13.10 (30.56) 
4-months back  70  14.61 (35.19) 

Wellbeing (Mean/SD)  111  3.36 (0.65) 
Involvement (Mean/SD)  111  3.30 (0.93) 
Physical activity     

% sedentary  96  23% 
% moderate  96  9% 
% intensive  96  68% 

Play behavior     
% functional play  96  38% 
% creative play  96  31% 
% non-play  96  31% 

Social behavior %  96  28%  

0

1

2

3

control interven�on

Ha
ir 

Co
r�

so
l  

 L
N

 p
g/

m
g

girls

boys

Fig. 2. Mean covariate-adjusted log transformed hair cortisol concentrations in 
the four-months back segment for girls and boys at control and intervention 
locations, with 95% CI error bars. 

Fig. 3. Mean covariate adjusted wellbeing scores (scale 1–5) of girls and boys 
at control and intervention locations, with 95% CI error bars. 
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3.3. Physical activity 

On average, children are very active outdoors, only 23% of the 
children are mostly sedentary during the one-minute observation 
period, 9% are moderately physically active, and 68% are highly 
physically active. There are no main effects of intervention and gender, 
ps > .13, but after controlling for covariates, there is a marginally sig-
nificant interaction between intervention and gender, F (1,90) = 2.88, 
p = .09, Ƞp

2 = .03. As illustrated in Fig. 5, at control locations, 66.7% of 
girls and 64.9% of boys are highly active. At intervention locations, 
57.1% of girls and 86.7% of boys are highly active. Physical activity 
increases with age, independent of gender, F (1,93) = 12.35, p = .001, 
Ƞp

2 = .12. Of the children in the youngest group of up to 1.5 years, 33.3% 
are highly active, of the children of 1.5–3 years old 67.3% are highly 
active, of the children in the oldest group of 3–4 years 88.5% are highly 
active. Effects of the intervention on physical activity are not moderated 
by age, p > .85. 

3.4. Social behavior 

Social behavior varies with age, with children in the oldest group 
engaging in social behavior almost half (49%) of the observed time, 
against 17% social behavior in the youngest group, and 23% in the 
group of 1.5–3 years old. These differences remain significant after 
controlling for age, F (2,89) = 5.14, p = .008, Ƞp

2 = .10. Social behavior 
does not differ between boys and girls, p > .36. There are also no dif-
ferences in social behavior between intervention and control locations, 
neither as a main effect, nor in interaction with age or gender, ps > .42. 

3.5. Play behavior 

Averaged across all locations, children engage about evenly in 
functional play (38%), creative play (31%) and non-play (31%) during 

the one-minute observation period in the outdoor play area. Distribu-
tions of play behavior, as indicated by multivariate covariate-adjusted 
tests, do not differ between intervention and control locations, p>.43. 
However, differences in play behavior between intervention and control 
locations are moderated by gender, F (2,89) = 3.13, p = .049, Ƞp

2 = .07. 
As illustrated in Fig. 6, boys in the intervention group engage in more 
creative play and less non-play than boys in the control group, while 
girls in the intervention group engage in more functional play and less 
creative play than girls in the control group. 

Differences in play behavior between intervention and control lo-
cations are also moderated by age, F (4,176) = 3.51, p = .009, Ƞp

2 = .07. 
As shown in Fig. 7, the youngest children in the intervention group 
engage in more functional play than children of similar age in the con-
trol group, while the oldest children in the intervention group engage in 
more creative play than children of similar age in the control group. For 
the middle group of 1.5 - 3 year-olds there are no significant differences 
in play behavior between the intervention and control group. 

3.6. Quality of the outdoor area 

Exploratory analyses of possible influences of location characteristics 
yielded a significant interaction between intervention and quality of the 
outdoor area (median split) for functional play, F (1,90) = 7.21, 
p = .009, Ƞp

2 = .07, and non-play behavior, F (1,90) = 5.92, p = .017, Ƞp
2 

= .06. In general, as shown in Fig. 8, the intervention resulted in a shift 
towards more functional play and less non-play at locations with a high- 
quality outdoor area, while it resulted in a shift towards less functional 
play and more non-play at locations with a low-quality outdoor area. 
Quality of the outdoor area did not influence any of the other outcome 
variables, neither as a main effect nor in interaction with the interven-
tion, ps > .33. 

4. Discussion 

This study examined stress, wellbeing, involvement and play 
behavior of very young children at nature-based daycare centers. At six 
centers, staff had participated in a one-year collaborative action COP 
program together with experts and researchers; seven other centers 
served as a non-intervention control group. The COP program aimed at 
strengthening caregivers’ pedagogical skills in the outdoor area, with a 
special focus on vulnerable groups for whom daycare can be a more 
stressful experience. 

The results of post-measurements of hair cortisol and observations of 
children during free play in the outdoor natural area indicate positive 
impacts of the COP program for boys, the youngest children, and the 
oldest children. Compared to boys at control locations, boys at inter-
vention locations showed less stress during the program, and more 
wellbeing, involvement, physical activity and creative play behavior 
after the program. Children in the youngest group of up to 1.5 years old 
showed more functional play in the outdoor area, and less non-play, 
than children at control locations. In the oldest group of 3-year-olds, 

Fig. 4. Mean covariate adjusted involvement scores (scale 1–5) of girls and 
boys at control and intervention locations, with 95% CI error bars. 

Fig. 5. Mean percentages of girls and boys engaging in highly active and 
sedentary/moderately active physical activity during 1-minute observations at 
control and intervention locations. 

Fig. 6. Mean covariate adjusted percentages of functional, creative and non- 
play behavior during one-minute observations of boys and girls at control 
intervention locations. 
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children at intervention locations showed more creative play. For girls 
the COP program seems less advantageous, with girls at intervention 
locations showing somewhat more stress than girls at control locations, 
and less involvement, less physical activity, and less creative play. 

These findings may be explained by a shift from a more intervening 
role of professionals to a more attentively present, mindful role. Such a 
shift may be especially beneficial for boys and older children, allowing 
them to engage in more challenging and risky play afforded by the 
natural environment. Very young children, who often are overprotected, 
may also benefit from a more non-intervening pedagogical style that 
allows them to explore the area more freely. However, the causal role of 
the intervention in the differences between intervention and control 
locations cannot be established, it is possible that differences observed 
between the intervention and control group were present at the start of 
the research and not related to the intervention. 

Natural playgrounds have been shown to offer ‘inclusive play-
grounds’, that hold numerous affordances that are well-accommodated 
to the interests, abilities and needs of both girls and boys (Coen et al., 
2019; Dyment and Bell, 2008). The observations at control locations 
with a natural playground in the present research are in line with this 
idea of natural playgrounds as inclusive playgrounds, with few differ-
ences between boys and girls. The research program possibly shifted this 
balance, towards boys showing more wellbeing, involvement, physical 
activity and creative play behavior in the natural playground than girls. 
From the perspective of inclusiveness of outdoor play, it may thus be 
questioned whether the program resulted in positive change. Never-
theless, from the broader perspective of inclusiveness of daycare, the 
shift in balance towards more benefits of nature play for boys may pose a 
welcome buffer against stress-related problem behavior which is more 
common in boys than in girls (Tout et al., 1998; Vermeer and van 
IJzendoorn, 2006). 

The program stimulated more creative types of dramatic, construc-
tive and exploratory play behavior in the oldest age group. Creative play 
is highly valued for its contribution to the healthy development of 

emotional, cognitive and social skills (Burriss and Tsao, 2002; Wilson, 
2007). In the youngest age group, the intervention stimulated more 
functional play. In the literature on children and nature, functional play 
is often considered inferior to more creative types of play. However, for 
toddlers, who are not capable of creative play, functional play is similar 
to creative play - a wooden stick is magical, not because it can be 
reimagined as a telescope or a magic wand, but because it is a stick. It 
can be pushed through a hole, rolled across the floor or dropped 
repeatedly from the top of a hill. This type of ‘cause-and-effect’, or 
sensorimotor play is key for children to make sense of the world. Thus, 
observations of play behavior are consistent with a positive impact of 
the COP program on play behavior of both the oldest and the youngest 
age groups. 

4.1. Strengths and limitations 

Our research complements the existing body of research on benefits 
of nature for young children by taking a quantitative approach, with a 
large sample and objective measures and control groups. This stands in 
contrast with other studies in the field which have typically used a 
qualitative approach, with small samples, and measures that are open to 
subjective interpretations. Our research is also among the very few 
studies that collected samples of children’s hair cortisol as a physical 
measure of stress that has thus far been only scarcely used in research on 
the benefits of nature for children. Another strength of the present 
research is that we examined the impact of caregivers’ pedagogical skills 
in use of the outdoor natural area on children’s well-being, instead of 
just looking at the impacts of the physical characteristics of the natural 
area. This resonates with insights showing that children need to actively 
engage with nature in an autonomous manner to build a deeper 
connection with nature that supports their well-being throughout the 
lifespan and inspires them to take responsibility to care for nature and 
the planet (Chawla, 2020; Richardson et al., 2021). 

Although the research focused on strengthening the pedagogical use, 
findings indicate that pedagogical use and quality of the natural area 
may be interdependent. At intervention locations with a relatively low 
quality, children displayed more non-play behavior, and less functional 
play, than children at control locations of similar quality. In interpreting 
this finding, it must be kept in mind that the COP program was aimed at 
stimulating a passive yet attentive presence of staff which allows chil-
dren to play freely and wander around in the area on their own. Such a 
pedagogical approach would only result in more play behavior when the 
area contains sufficient affordances, loose parts and other elements that 
invite children to play. If this requirement is not met, children will 
engage in more non-unoccupied and onlooker behavior, for lack of other 
play opportunities. This may not necessarily be a bad thing, because 
children also enjoy being alone and unoccupied, without any peer 
pressure to engage in play. Indeed, the quality of the outdoor environ-
ment did not directly affect children’s stress and emotional wellbeing. 
Nevertheless, these findings suggest that the quality of the natural area 

Fig. 7. Percentages of functional, creative and non-play behavior during one-minute observations of children in the three age groups at control and interven-
tion locations. 

Fig. 8. Percentages of observed functional, creative and non-play behavior at 
intervention and control locations with a low and a high quality of the out-
door area. 
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should be taken into account when designing programs for stimulating 
the pedagogical use of the area (Verstrate and Karsten, 2015). 

This study is not without limitations. A first major limitation con-
cerns the fact that, as a result of Corona restrictions, control and inter-
vention locations were not well-matched in terms of size, urbanity, 
number of children and other characteristics. The research also used a 
post design only, without measurements at control and intervention 
locations at baseline before the program. Although we controlled sta-
tistically for differences in size (which is also a proxy of urbanity), it 
cannot be excluded that the differences between control and in-
terventions were caused by variables unrelated to the program. How-
ever, the finding that the effects of the program were moderated by 
gender and age in a way that is consistent with attentive presence as a 
caregivers’ skill that is especially effective in optimizing benefits of 
outdoor experiences for vulnerable groups, lends support to a causal 
interpretation of the findings. 

Second, within the context of this field research we had to make 
many compromises between ideal study design and what is practically 
feasible. For example, although it was initially envisioned that the two 
observers would make independent observations, it turned out that it 
was more helpful to find common ground by discussing and resolving 
differences on spot. As a result, it was not possible to calculate inter- 
observer reliabilities. Furthermore, it was not possible to schedule all 
visits to the centers at the same post-intervention period after the last 
COP meeting. It is thus possible that at some centers which had 
completed the COP program longer ago the effects of the intervention 
had already waned, compared to the centers that had just recently 
completed the program. 

Third, the sample was too small to test for three-way interactions 
between intervention, gender and age, which leaves the possibility that 
some of the effects of age only apply to boys or girls, or that some of the 
effects of gender only apply to certain age group. Last, data restriction 
was restricted to one day at each daycare center. This makes observa-
tions sensitive to the influence of weather conditions, novelty effects of 
being observed or having one’s hair being cut, or any other extra- 
ordinary events. However, visits took place in approximately the same 
season (late autumn, early winter) at each center, and special events 
were avoided. 

4.2. Suggestions for future research 

As a first recommendation, future research could collect additional 
parental assessments of their child’s well-being and connectedness to 
nature (Sobko et al., 2018). While we attempted to engage parents 
through daycare centers, we received a notably low response to our 
parental survey. Exploring more direct approaches to reach out to par-
ents could potentially yield more comprehensive and detailed insights. 

We also encountered challenges in scheduling research team visits 
with control locations that were not participating in the Community of 
Practice (COP). Therefore, as a second recommendation, future research 
may consider making participation in the study more appealing for 
control locations by implementing a waiting list design. However, such 
waiting list control conditions are also imbued with many issues, 
including ethical concerns about delaying the intervention for the con-
trol group, especially if it is perceived as beneficial. Additionally, issues 
related to attrition, with participants in the waiting list group dropping 
out before the study’s conclusion, and external events or life changes 

during the waiting period that may influence outcomes, can make it 
difficult to attribute changes solely to the intervention (Elliott and 
Brown, 2002). 

Thirdly, future research could employ a pre-post design to track the 
progress of individual children over time. However, implementing such 
a design becomes challenging when dealing with a one-year interven-
tion in the 0–3 age group. Children in this age range exhibit incredibly 
rapid rates of growth and development over the course of a year 
(Gardner and Shaw, 2008). Generally, the biologically-driven develop-
mental changes in this age group are so pronounced that discerning the 
effects of any external factors assessed over a one-year period becomes 
exceedingly difficult. Additionally, there exists a very real risk that 
children will drop out of the study before follow-up due to changes in 
child care centers or their absence during follow-up assessments. In 
general, utilizing pre-measurements seems more appropriate for shorter 
interventions lasting only a few weeks or months. 

4.3. Conclusion and implications 

The current research emphasizes the significance of incorporating 
pedagogical strategies for the effective use of outdoor natural spaces 
within daycare centers, as a critical factor in promoting and nurturing a 
connection between very young children and the natural world. 
Simultaneously, it underscores the challenge of designing pedagogical 
programs that accommodate a diverse range of children’s needs and 
abilities. To achieve optimal outcomes, we recommend that researchers 
and daycare centers collaboratively develop inclusive strategies that 
engage and benefit all children. 
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Appendix A. Measures  

Table A1 
Descriptions of levels of wellbeing and involving according to the ZIKO observation instrument (Laevers et al., 2005).  

Level Wellbeing Involvement 

1. Very low The child shows clear signs of distress, like crying or angry behavior The child has an absent, passive attitude and shows no signs of concentration, 
targeted activity, or exploration and interest 

2. Low The posture, facial expression and actions indicate that the child is not feeling 
well. However, the signals are less pronounced than at level 1 or the 
discomfort is not expressed all the time 

The child shows some activity and concentration but is easily distracted and 
actions only lead to limited results 

3. Moderate The child gives an ’unmoved’ impression, it has a neutral attitude. There are 
no signs of sadness or pleasure 

There is activity all the time, but the child shows no real commitment, is not 
very concentrated and is not absorbed what it does 

4. High The child shows signs of satisfaction and pleasure. However, the signals of 
feeling good (see level 5) are not all the time with a large intensity present 

There are clear signs of involvement (see level 5), but they are not always fully 
present 

5. Very high Throughout the observation time, there are clear signals that the child is 
happy and enjoying him or herself. These signals may include laughter, 
shouting with pleasures, humming or singing, being energetic, radiating self- 
confidence 

The child is continuously busy all the time and is immersed in its activities. The 
child is highly motivated, cannot be distracted, pays attention to details, uses all 
capacities, gains profound new experiences   

Table A2 
12-item version of the checklist for the quality of the outdoor area at nature-based daycare centers by branch 
organization Green Cement (translated from Dutch).   

1. Is suitable for exploring (all senses are addressed)  
2. Allows everyday activities (outside eating and sleeping) to be carried out  
3. There are opportunities for sensorimotor play: playful movement, such as looking at one’s own hands, listening to 

birds, waving and kicking, crawling, running and sneaking, reaching and grasping, climbing and clambering  
4. There are possibilities for sensory play: playful sensory experience of unformed material  
5. There are opportunities for exploratory play: playfully investigating the properties of materials  
6. There are opportunities for constructive play, such as stacking blocks, building with branches  
7. There are opportunities for pretend play: imitate the actions of adults through play, such as cooking, sweeping, 

cleaning  
8. There are opportunities for fantasy and role play: Playfully creating your own story, such as using a tree trunk as a 

train, the sandbox as a house  
9. Children can climb, clamber and play on different surfaces (including uneven surfaces)  
10. There are places for children to hide  
11. Contains loose natural materials  
12. There are facilities to attract birds, insects and small mammals  

Appendix B. Tables with means and test statistics  

Table B1 
Unadjusted and adjusted means/ percentages ± SE, during 1-minute observations of children, with 95% 
confidence intervals for differences between control and intervention locations.  

Measure Control Intervention 95% CI of difference 

Hair cortisol (LN pg/mg) 
M 1.55 ± 0.20 1.66 ± 0.22 [− 0.48, 0.70] 
Madj 1.45 ± 0.25 1.77 ± 0.27 [− 0.53, 1.19] 

Wellbeing (1-5) 
M 3.25 ± 0.08 3.54 ± 0.10 [0.04, 0.53] 
Madj 3.21 ± 0.09 3.60 ± 0.12 [0.07, 0.72] 

Involvement (1-5) 
M 3.30 ± 0.11 3.32 ± 0.14 [− 0.34, 0.38] 
Madj 3.17 ± 0.13 3.52 ± 0.17 [− 0.13, 0.83] 

Physical activity (1-3) 
M 2.42 ± 0.10 2.52 ± 0.16 [− 0.28, 0.47] 
Madj 2.35 ± 0.11 2.68 ± 0.18 [− 0.11, 0.78] 

% Social behavior 
M 27.3 ± 4.7 32.7 ± 7.5 [− 6.3, 35.7] 
Madj 24.7 ± 4.8 39.4 ± 8.5 [− 12.2, 23.0] 

% Functional Play 
M 36.4 ± 4.7 42.3 ± 7.6 [− 11.8, 23.7] 
Madj 34.3 ± 5.1 47.4 ± 9.0 [− 9.0, 35.2] 

% Creative Play 
M 31.5 ± 4.5 29.0 ± 7.3 [− 19.5, 14.5] 
Madj 31.4 ± 5.0 29.4 ± 8.7 [− 23.6, 19.5] 

% Non-play 
M 32.1 ± 4.5 28.7 ± 7.1 [− 20.1, 13.2] 
Madj 34.3 ± 4.7 23.2 ± 8.3 [− 31.7, 9.5] 

Note: adjusted means are controlled for age, gender and size of location; values in bold differ significantly 
between control and intervention groups at p < .05.  
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Table B2 
Adjusted estimated marginal means and percentages ± SE for boys and 
girls at intervention and control locations.  

Measure Control Intervention 

Hair cortisol (pg/mg) 
Girls 1.33 ± 0.30 2.20 ± 0.35a 

Boys 1.64 ± 0.32 1.37 ± 0.33b 

Wellbeing (1-5) 
Girls 3.17 ± 0.12 3.32 ± 0.16a 

Boys 3.26 ± 0.11 3.83 ± 0.15b 

Involvement (1-5) 
Girls 3.35 ± 0.17 3.16 ± 0.23a 

Boys 3.03 ± 0.15 3.81 ± 0.21b 

Physical activity (1-3) 
Girls 2.36 ± 0.16 2.32 ± 0.24 
Boys 2.32 ± 0.14 3.05 ± 0.24 

% Social behavior 
Girls 28.9 ± 7.0 40.2 ± 11.0 
Boys 38.9 ± 6.3 39.9 ± 11.5 

% Functional Play 
Girls 31.2 ± 7.3 60.1 ± 11.4 
Boys 36.7 ± 6.5 34.8 ± 11.9 

% Creative Play 
Girls 36.6 ± 7.0 12.7 ± 10.9a 

Boys 27.3 ± 6.2 46.0 ± 11.4b 

% Non-play 
Girls 32.2 ± 6.9 27.1 ± 10.8 
Boys 36.0 ± 6.2 19.2 ± 11.3 

Note: values are adjusted for age and size of location; values in bold 
differ significantly between intervention and control locations within 
groups of boys and girls at p < .05; values with unequal superscripts 
differ significantly between girls and boys within play category and 
experimental groups at p < .05.    

Table B3 
Covariate-adjusted percentages of play behavior ± SE at intervention and 
control locations as a function of age and quality of the outdoor area.  

Measure Control Intervention 

Age1 

% Functional Play 
≤ 1.5 yrs 14.5 (12.0)a 77.8 (17.5) 
1.5-3 yrs 31.2 (6.2)ab 40.0 (10.9) 
3 yrs 54.1 (9.1)b 34.4 (15.1) 

% Creative Play 
≤ 1.5 yrs 22.8 (11.7) 5.3 (17.0) 
1.5-3 yrs 40.1 (6.0) 28.4 (10.5) 
3 yrs 15.6 (8.9) 53.7 (14.7) 

% Non-play 
≤ 1.5 yrs 62.7 (11.5)a 16.9 (16.8) 
1.5-3 yrs 28.7 (5.9)b 31.5 (10.4) 
3 yrs 30.3 (8.7)b 11.8 (14.5) 

Quality Outdoor Area2 

% Functional Play 
low 44.0 (7.1) 27.6 (10.8) 
high 30.5 (6.2) 55.7 (10.4) 

% Creative Play 
low 34.3 (7.0) 35.9 (10.6) 
high 29.3 (6.1) 22.8 (10.2) 

% Non-play 
low 21.6 (6.7)a 36.5 (10.1) 
high 40.2 (5.8)b 21.5 (9.8) 

Note: 1adjusted for gender and size of location; 2adjusted for age and 
gender; values in bold differ significantly per row between intervention 
and control locations at p < .05; values with unequal superscripts differ 
significantly within play category and experimental groups at p < .05. 
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