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A B S T R A C T   

Nature-based play benefits children’s health and development. However, the delivery of this in early learning 
and childcare centres (ELC) is extremely diverse, and implementation is not well understood. We applied a 
systems science perspective to understand the factors crucial to implementing nature-based outdoor play in ELC 
settings. Through Group Model Building workshops with 20 participants in managerial and practitioner roles, 
crucial factors were appraised using Causal Loops Diagrams. Twelve thematic causal loops emerged. Network 
analysis was employed to analyse the diagram. Exponential Random graph models explained the diagram 
construction process. Centrality measures alongside conditional uniform tests identified six leverage factors: use 
of outdoor space, culture of being outdoors, ELC culture of outdoor play, perceived child safety and enjoyment, 
educator confidence and educator agency. This research brings novel and practically relevant evidence about the 
important factors, and interdependencies, involved in the implementation of outdoor play practice within ELC 
settings.   

1. Introduction 

Research suggests that nature-based early learning and childcare 
centres (ELC) are beneficial for children’s physical, social, emotional 
and cognitive health and development (Dankiw et al., 2020; Mygind 
et al., 2019; Tillmann et al., 2018; Truelove et al., 2018). ELC practice 
varies globally, but generally it encompasses formal and informal 
childcare with the aim of supporting the health and development of 
children from birth to pre-school age (0–5 years). Nature-based ELC is a 
promising example of early years practice characterized by children 
spending most of their time outdoors in nature. Nature-based ELC 
research is an emerging field and the mechanisms by which health 
outcomes are improved are not yet fully understood. However, recent 
evidence points to the diverse, varied and changing environment that 
nature-based ELC affords (Johnstone et al., 2022; Johnstone et al., 
2022). For example, elements of nature such as grassy areas, trees, 
vegetation, and hilly terrain enable children to engage in diverse play 
types that enable both the opportunity to be interactive with their peers 

and to engage in physical activity. Additionally, access to good quality 
green spaces in urban settings has been shown to be important for 
promoting play and healthy child development, especially for children 
from more disadvantaged backgrounds (Mitra et al., 2020; Riazi et al., 
2021; Spencer et al., 2020). The combination of socialising, playing, and 
engaging in physical activity in nature is thought to improve outcomes 
such as motor development, social development, self-regulation, atten-
tion and other outcomes (Mygind et al., 2019; Tillmann et al., 2018). 
Furthermore, evidence showed that childhood nature experiences may 
be associated with positive nature connection in adulthood (Cleary 
et al., 2020). 

In Scotland, this innovative and evolving practice is known as out-
door play and learning coincided with legislation to double free child-
care entitlement for 3–5 year old children and some eligible 2 year old 
children (Scottish Government, 2021). By promoting and making 
greater use of the outdoor natural space, ELC settings in Scotland are 
able to increase the numbers of children being enrolled in ELCs. The 
outbreak of COVID-19 in early 2020 generated further momentum to 
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promote ELC provisions that provided greater outdoor play and learning 
opportunities to mitigate the risks of COVID-19 transmissions. 

Despite outdoor nature-based play becoming increasingly popular in 
Scotland, studies employing systematic and rigorous evaluation designs 
have not been carried out in the UK (Johnstone et al., 2022; Johnstone 
et al., 2022). Hence it is difficult to assess the extent to which this 
practice is established, and the quality of the service provided, as well as 
its impact on behaviour or population level health outcomes. Where 
evaluations of these programs do exist, there is a strong bias, with most 
conducted in High-Income Countries like the USA, Australia, and Nor-
way (Johnstone et al., 2022; Johnstone et al., 2022). Additionally, they 
tend to be predominately cross-sectional (limiting our understanding of 
causality), have small sample sizes, and fail to describe the exposure 
adequately meaning we do not understand how much dose, what kind of 
nature exposure, in which circumstances and for whom is required to 
improve an outcome. To foster the development of nature-based ELC 
and realise the benefits at a population level, it is necessary to achieve a 
deeper understanding of program delivery, including how goals are 
intended to be achieved. 

Introducing and establishing a culture of nature-based play in the 
early lifecourse, traditionally dominated by indoor childcare, brings a 
substantive novelty in the way children experience nature and play. This 
impacts not only the children themselves but the entire system of 
interpersonal, organisational and policy factors, including peer, practi-
tioner, parent, and community relationships, institutional processes of 
ELC delivery, and policy initiatives and resource investment. To help 
understand the complexity associated with implementing nature-based 
play within longstanding educational traditions, it is necessary to 
focus on the entire system of nature-based play within ELC settings. “A 
system is a set of objects together with relationships between the objects 
and between their attributes” (Hall and Fagen, 2017). Several objects or 
factors are crucial to optimising the implementation of nature-based 
play in ELC settings; the causal relationship between these factors is 
not obvious, and their interactions do not necessarily generate outcomes 
for child development, health and wellbeing that are easy to assess or 
measure. An ELC setting is a complex system of relationships between 
factors and their attributes. System science and complexity science 
provide us with a set of tools to explain how factors are related to each 
other, forming a system that adapts to change. These tools also enable us 
to intervene in those inherently complex systems with a set of sophis-
ticated computational methods (Bertalanffy, 1956; El-Sayed and Galea, 
2017; Phelan, 1999; Weisbuch, 2019). 

The aim of this study was to identify the potential determinants of 
implementing nature-based play in ELC through the active involvement 
of relevant stakeholders. A second aim was to provide the first 
comprehensive assessment of outdoor education in the British context 
by focusing on the complex system of factors that enable early learning 
and childcare centres to function. 

The employment of system-based methods enables researchers and 
practitioners to overcome the limitations derived from the simple 
observation of the most immediate effect of a new practice or policy – 
reductionism (Heitman, 2017). In fact, a change affects the complex 
systems of factors and stakeholders that co-act in a system. System-based 
methods allow the disentanglement of the multiple aspects of a new 
policy and the observation of a complex array of effects that are 
simultaneously affecting the system of interest (Luke and Stamatakis, 
2012; Rutter et al., 2017; Zucca et al., 2021). 

There are several tools in the system-based methods kit. This study 
selected the employment of Group Model Building (GMB) to facilitate 
the construction of a Causal Loop Diagram (CLD). GMB is widely 
employed for the construction of CLDs involving stakeholders in order to 
understand the systems that are facing the introduction of a new policy 
or practice, especially in the domain of social policies and health related 
issues (Hovmand, 2014). Furthermore, the employment of social 
network analysis for understanding the impact of new policies and 
practices on a system is becoming increasingly popular due to the many 

possibilities it offers to explore the relationships between factors in a 
system (McGlashan et al., 2016; Valente, 2012; Zucca et al., 2021). In 
this study, social network analysis is employed for two different reasons: 
to control for the reliability of the CLD and to understand its substantive 
meaning. Exponential Random graph models (ERGMs) were used to 
account for the diagram construction process (aggregation) and guar-
antee the reliability of the data collection. Centrality measures alongside 
conditional uniform graph tests identified six leverage factors for the 
attention of stakeholders. 

The application of systems-based methods in the context of the 
implementation of nature-based ELC is novel and has the potential to 
influence future academic exploration through mechanistic research 
designs, in addition to supporting policy level funding and practice 
related decision making through the identification of significant factors 
involved in the delivery of nature-based ELC. 

2. Methods 

2.1. Participants 

Stakeholders in managerial and practitioner roles were recruited to 
define the system of nature-based play in ELC centres in Scotland. In 
February 2021, we invited 122 national stakeholders who had partici-
pated in an online survey around current outdoor play practice in 
Scotland and who had provided email addresses indicating that they 
agreed to be contacted for online workshops. Stakeholders (n = 15) who 
did not participate in the survey (including policy makers, charities etc.) 
were also invited through i) email if we had an existing relationship with 
them (e.g., through steering groups); or ii) via social media (Twitter). 
This study received ethical approval from the Research Ethics Com-
mittee of the College of Social Sciences, [Authors’ institution] (appli-
cation number: 400200095). 

2.2. Data collection 

Data collection consisted of three steps: i) Group Model Building 
(GMB) to elicit crucial factors from participants and draw Causal Loop 
Diagrams (CLDs); ii) research team review - diagram aggregation and 
completion; and iii) a model review workshop involving managers to 
finalise the diagram. 

2.2.1. 1. Group Model Building and causal loop diagrams creation 
To achieve a deeper understanding of the environment that enables 

the implementation of nature-based ELC in Scotland and be able to 
observe several factors that affect and are affected by the implementa-
tion, we collected relevant data using a GMB approach. GMB is an 
established technique defined as a process of involving stakeholders 
central to a project in developing an informal or formal model, to create 
shared insights, consensus, and motivation for implementing a mental 
map of a system (Hovmand, 2014). GMB is a qualitative participatory 
approach that allows the elicitation of relevant variables and involves 
stakeholders in defining a system (Scott et al., 2013; Vennix, 1999). This 
involves the use of scripts which are written documents detailing 
structured small group exercises as part of the GMB method (Andersen 
and Richardson, 1997). GMB has been extensively used for achieving a 
better understanding of how the implementation of a new practice or 
policy affects the system of factors affected by the change (Rouwette 
et al., 2002; Scott et al., 2016). To the best of our knowledge, it was not 
used in the context of ELC before and it provides tools to clarify a part of 
the problem that is currently under explored. 

Researchers use pre-designed scripts or prepare new ones to guide 
and facilitate the process of data collection and system definition in a 
consistent and replicable way (Andersen and Richardson, 1997; Hov-
mand, 2014). Due to COVID-19 restrictions, GMB workshops were held 
online via the communication platform Microsoft Teams and elicited 
models were drawn on the online whiteboard platform Miro™. A new 
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script tailored explicitly for online ELC system definition was developed 
as, at the time, there was no established protocol for online GMB. 

The script defined activities for an online workshop lasting 2 h (script 
available in Supplement 1). Two workshops were conducted using the 
same script. The first workshop involved 10 ELC practitioners, while the 
second involved 10 ELC managers and stakeholders in national regula-
tory roles. Separate workshops for the two professional groups were 
chosen to avoid the potential influence of unequal power dynamics on 
the disclosure of personal opinions. In each workshop, the stakeholders 
were invited to participate in three tasks summarised in Table 1. The 
three tasks were designed to guide the participant to draw a CLD. A CLD 
visualizes relationships between variables (Hovmand, 2014). Their 
output can be interpreted descriptively (Baugh Littlejohns et al., 2018) 
and used as a baseline to build a system dynamic simulation (Hovmand, 
2014). CLDs have been extensively applied to the analysis of policy 
implementation, public and global health-related issues (Allender et al., 
2015; Baugh Littlejohns et al., 2018; Brereton and Jagals, 2021; Lit-
tlejohns et al., 2021). 

These activities are summarised in Table one, Step i). The first task in 
the script required participants to identify factors that they deemed 
crucial for the system (i.e., outdoor nature-based ELC) to function. The 
second task asked participants to rate the importance of factors to direct 
them toward prioritising certain concepts in the diagram drawing ac-
tivity. The rating was collectively performed by raising hands and each 
participant had up to 5 votes. Finally, the third task asked participants to 
establish relationships between the elicited factors creating a CLD under 
the supervision of a facilitator. Examples that clarify how the three ac-
tivities were carried out are provided in Supplement 2. 

2.2.2. 2. research team review 
Two diagrams representing the practitioners’ views and two repre-

senting the managers were produced then aggregated using 

triangulation (Ryan et al., 2021), thereby providing the most complete 
possible representation of the system under analysis. These activities are 
summarised under Step ii) Task One in Table 1. As a first step, the 
research team homogenised the labels of system factors since the four 
diagrams often expressed the same concepts with slightly different 
words. For example, an initial label of ‘Influence of senior leadership’ 
was replaced with ‘Collaborating to agreed vision’, representing the 
dynamics between educator and manager’s perspectives. Second, the 
two practitioners’ diagrams were merged into one and the two man-
agers’ diagrams were also merged into one. These two diagrams provide 
the point of view of managers and practitioners independently, therefore 
including factors not necessarily represented universally across both 
maps. For example, ‘educator outdoor experience’ was only mentioned 
by mangers and ‘Risk-Benefit assessment’ by practitioners. Since the 
labels were homogenised in the previous step, the aggregation process 
consisted of creating two new maps each containing the full set of factors 
and connections introduced respectively by practitioners and managers. 

Finally, the latter two diagrams were aggregated into a compre-
hensive one by adding factors and their connections from the practi-
tioner diagram to the manager diagram and connecting added factors 
with existing factors, where applicable (protocol available in Supple-
ment 3). This illustrated the nature-based ELC system from managers 
and practitioners’ perspectives (Step ii) Task two in Table 1). The 
research team also inserted new factors and connections deemed crucial 
to close loops that remained open to describe the latent process 
described in the mental map to a more accurate extent (Supplement 4). 
Robustness checks were conducted to ensure the absence of bias and 
imbalance in the data collection and are described in the data analysis 
section. 

2.2.3. 3. Manager CLD review 
The third step of the data collection involved an online review of the 

diagrams created in step 2 (Supplement 5) and included six stakeholders 
working in managerial and regulatory roles as well as voluntary sector 
representatives. Four of the managers took part in the original work-
shop, while two, although invited to the initial workshops could not 
attend, and therefore were new to the CLD output. This provided an 
opportunity to further validate the CLD by engaging with experts not 
involved in the earlier workshops. 

Practitioners were also invited to participate in the review workshop; 
unfortunately, they did not accept the invitation. It is possible that a 
combination of timing of the workshops, personal capacity, and ELC 
centre priorities prevented the practitioners from attending. Addition-
ally, the theoretical nature of the review task may have appealed more 
directly to managers compared to the initial workshops where the pre-
dominant opportunity was to exchange ideas and practices to develop 
their professional skills. 

During the first task, the research team presented the CLD and 
explained its dynamics to the stakeholders. In the second task, the 
stakeholders were asked to individually rate the factors in the diagram 
in order of importance using a 5-point Likert scale ranging from “not 
important” to “very important”. This was done by providing workshop 
participants with a link to an online survey developed in Microsoft 
Forms. Finally, the third task involved reassessing the diagram, adding 
new factors, and eliciting new connections (Table 1, Supplement 6). 

2.3. Data analysis 

The analysis of the data collected was also composed of three parts. 
First, an appraisal of the CLD was carried out. Second, the finalized CLD 
was analysed with inferential network analysis to better understand the 
structure and check on the possibility of bias in the collected data. Third, 
leverage points of the system to be communicated to stakeholders were 
identified, also employing social network analysis. Table 2 summarizes 
the data analysis plan. 

Table 1 
Summary of the data collection process.  

Steps Tasks Goal of the activity Group carrying 
out the activity 

Timing 

i) GMB One Factor elicitation Managers and 
Practitioners 
separately 

Two 
Workshops 
March 2021 

Two Factor prioritization Managers and 
Practitioners 
separately 

Three Relating factors to 
each other - CLD 
creation 

Managers and 
Practitioners 
working in 
parallel 

ii) Research 
Team 
Review 

One Aggregation of the 
two practitioners/ 
two managers CLDs 
into one 

Research Team April–June 
2021 

Two Aggregation of the 
finalized 
practitioners CLD to 
the finalized 
managers CLD 

Research Team 

Three Assess and 
introduce missing 
variables or missing 
connections 

Research Team 

iii) 
Managers 
Review 

One Finalized CLD 
presentation and 
appraisal 

Research Team 
presenting to the 
managers 

One 
Workshop 
September 
2021 Two Rating importance 

of factors (5 point 
Likert) 

Managers 

Three Assess and 
introduce missing 
variables or missing 
connections 

Managers  
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2.4. CLD appraisal 

The appraisal of the diagram focused on three elements. First, the 
research team categorized the elicited factors thematically, and pro-
vided each loop with a name that identified the topic of the loop. Sec-
ond, the research team assessed whether the elicited connections 
between factors represented a positive or a negative relationship 
demonstrating reinforcing or balancing loops. A reinforcing loop de-
scribes a process in which change is compounded by more change, while 
in balancing loops, change is compensated, keeping the situation stable 
(Lannon, 2012). Third, the most relevant loops were qualitatively ana-
lysed to understand their substantive meaning. 

2.5. CLD structural analysis 

A causal loop diagram represents causal relationships connecting 
factors by links. Hence, the CLD structure is, by definition, a network 
(Onnela, 2014). Network analysis provides tools to achieve deeper, 
quantitative, understanding of CLD structures (McGlashan et al., 2016). 
In this study, both descriptive and inferential network analyses were 
conducted. The descriptive network analysis employed seven measures 
summarised in Table 3. 

Second, inferential network analysis was used to reach a deeper 
understanding of the causal relationships that lay behind the diagram 
generation process. In order to do so, four points were considered: 1) the 
structural properties of the diagram itself, such as the number of con-
nections and their directions; 2) the importance attributed to each factor 
by practitioners and managers in the third data collection stage; 3) the 
themes into which researchers clustered the elicited factors; and 4) the 
group of stakeholders from which each factor was elicited (practitioners, 
managers, both, researcher, or managers during the review). 

When researchers analyse a finalized CLD they rely on the assump-
tion of the accuracy of the diagram produced. The research team tested 
the assumptions with statistical models. The assumptions were trans-
lated into testable hypotheses referring to each of the four points above. 
The hypotheses are presented in Table 4. 

The hypotheses require a statistical model to be tested since it is 
needed to check whether the variable of interest affects the structure 
(the outcome variable). However, the CLD is a network, and statistical 
models developed for independently and identically distributed data 
cannot handle dyadic data (Snijders, 2011). For these reasons, the hy-
potheses above were tested employing a class of models designed to 
handle relational data, namely Exponential Random Graph Models 
(ERGMs) (Handcock et al., 2021; Morris et al., 2008; Robins et al., 

Table 2 
Summary of the data analysis strategy.  

CLD Data Analyses Techniques employed Goals 

Appraisal Factor themes identification 
and loop naming 

Facilitate interpretation of 
the diagram 

Reinforcing or balancing 
loops identification 

Understanding the nature 
of relationships 

Substantive interpretation 
of each loop 

Understanding the meaning 

Structural Descriptive social network 
analysis 

Describe the diagram 
structure 

Inferential social network 
analysis –ERGMsa 

Explain the diagram 
structure 

Leverage Factors 
Identification 

Inferential social network 
analysis –CUGa tests 

Select most appropriate 
centrality measures 

Interpretation of selected 
centrality measures 

Identify leverage points  

a ERGM = Exponential Random Graph Models, CUG = conditional uniform 
graph test. 

Table 3 
Summary of the descriptive network analysis employed.  

Measure Explanation 

Number of nodes (or 
vertexes) 

The number of entities the network is constituted. 

Number of links (or 
edges, or ties) 

The number of connections between the nodes. If we can 
observe the direction of the links, the network is called 
‘directed’. If the direction of the arrow is not represented, 
we observe an undirected network. 

Dyad census The count of the existing relationships between each pair 
of nodes. Two nodes can be disconnected or mutually 
connected if both nodes send a link to the other or 
asymmetrically connected if the link is not reciprocated ( 
Holland and Leinhardt, 1971). 

Triad census The count of the existing relationship between three 
nodes. Sixteen possible configurations exist for a directed 
network (Holland and Leinhardt, 1971). 

Network density The percentage of actual connection considering the 
entire set of possible connections (even if they are not 
present in the observed configuration) (Easley and 
Kleinberg, 2010). 

Network diameter Maximum distance between any pair of nodes in the 
network. If we consider each connection as one path, we 
can count the maximum number of paths as a natural 
number (Easley and Kleinberg, 2010). 

Average path length Average distance between each pair of nodes in a network 
(Easley and Kleinberg, 2010).  

Table 4 
Hypotheses employed to reach a deeper understanding of the diagram genera-
tion process.  

Hypotheses 
number 

Hypotheses Network effect 

H1 Structural properties of the diagram 
H1a The stakeholders involved in the 

data collection provided 
valuable and reliable 
information and that the final 
diagram is not generated by 
chance. 

The number of edges is not 
random 

H1b The particular structure of the 
CLD makes it more likely that 
each factor sends and receives a 
small number of connections 
-non-randomly (due to the 
specific shape of CLDs). 

The number of edges per node 
is not random 

H1c The unidirectionality or mutual 
direction of connection does not 
characterize the nature of the 
CLD (it could go either way). 

In CLD, the connection can be 
both mutual or asymmetric. 

H2 Importance attributed to each factor by managers 
H2a Similar levels of importance are 

associated with the pattern of 
factor connections. 

Absolute difference between 
the level of importance 
attributed to each factor 

H2b The importance attributed to 
factors influences the extent to 
which factors are connected 

Factors with higher 
importance are more likely to 
be connected. Importance is 
inserted in the model as a 
covariate. 

H3 Elicited factors’ themes 
H3a Factors labelled with the same 

theme are more likely to be 
connected to each other 

Homophily between factors 
characterized by the same 
theme. 

H3b Factors labelled with certain 
themes are better connected than 
others 

Some themes have a higher 
number of connections. 
Theme is inserted in the model 
as a covariate. 

H4 Source of the factors in the diagram (stakeholders’ group) 
H4a Factors introduced by the same 

group of stakeholders are more 
likely to be connected 

Homophily by group of 
stakeholders 

H4b The mental map of certain 
groups of stakeholders (source) 
is better represented than other 
group of stakeholders 

The factors introduced by 
some groups have a larger 
number of connections. 
Source inserted in the model 
as a covariate.  
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2007). ERGMs explain network outcome variables with covariates of 
interest and provide further evidence concerning the probability that a 
network has specific properties against all the possible alternatives. An 
ERGM compares the diagram that the stakeholders created to diagrams 
generated by a computer simulation. If the observed diagram and its 
attributes are significantly different from the randomly simulated ones, 
it means that the observed CLD is the outcome of a meaningful process of 
data collection (statistically significant). Otherwise, the CLD and its 
features were generated by chance (e.g., with random answers from 
respondents). Using these models, we can reach a deeper understanding 
of the diagram structure that helps us to trust and understand our 
findings to a larger extent. To model specific effects of interest, the 
models employ parameters that translate the hypotheses, introduced in 
Table 3, into terms inserted into the statistical model. The coefficients 
resulted from an ERGM model should be interpreted as log-odds ratios 
(OR) conditional on the rest of the network (Hunter et al., 2008). 
Detailed information regarding model fit and goodness of fit testing in 
ERGMs is available in Handcock et al. (2021). 

2.6. Leverage points in the CLD 

Even if every elicited factor plays a role in the system definition, 
some of them are more central to the process under examination. A 
leverage point is a factor of strategic importance in the system depicted 
on the diagram. Specific measures designed for networks, namely cen-
trality measures, are able to analyse and distinguish which nodes are 
more relevant in connecting the structure (Freeman, 1978; Landherr 
et al., 2010). By using centrality measures, we can understand which 
factors are more central in the process of ELC implementation and 
provide practical advice for stakeholders. 

First, we explored different centrality measures of relevance, and 
employing univariate conditional uniform graph tests (CUG) (Butts, 
2008), we appraised whether each type led to results produced by 
chance or whether the measure is able to identify the most crucial fac-
tors characterising the ELC implementation. The CUG test compares the 
elicited CLD with random networks of the same size (same number of 
nodes and connections) to observe the probability of measuring the 
score observed in the CLD for each centrality measure. The similarity 
between the observed and simulated structures should be as small as 
possible to show that the observed structure is not by chance. Hence, the 
P-value should be as close to 0 as possible. Five centrality measures 
summarised in Table 5 were considered for the analysis. 

These five measures perform similar analyses from different per-
spectives. Therefore, the combination of more than one of them gua-
rantees the accuracy of the results. After selecting the most suitable 
centrality measures with the CUG tests, we employed the selected 
measures calculating centrality scores for each factor and triangulated 
the results identifying leverage points. The factors showing the highest 
centrality considering each measure were identified as leverage points 
and suggested for stakeholder attention. 

3. Results 

The finalized CLD was produced with the software KUMU™ (Kumu, 
2022) and is displayed in Fig. 1 and available online (Zucca et al., 2022). 

3.1. CLD appraisal 

3.1.1. Factor themes identification and loop naming 
Forty-two factors elicited from participants were thematically clus-

tered into six groups (Fig. 1): 1) ‘Educator Attribute’ was attributed to 14 
factors (teal colour, Fig. 1); 2) ‘ELC Practice’ was attributed to 12 factors 
(blue colour, Fig. 1); 3) ‘Resources’ was attributed to six factors (orange 
colour, Fig. 1); 4) ‘Child related factors’ was attributed to four factors 
(pink colour in Fig. 1); 5) ‘Parental factors’ was attributed to three 
factors (green colour in Fig. 1); and 6) three factors were labelled as out 

of control of the stakeholders (yellow colour, Fig. 1). 
Finally, the twelve most relevant loops were named to make the 

interpretation easier for the reader: 1) Affordability of outdoor ELC; 2) 
Children play and learning experiences outdoors; 3) Collaborating to 
agreed vision; 4) Educator Child relationship; 5) Formal capacity 
building and release; 6) Informal capacity building and release; 7) 
Parental Choice; 8) Parental ‘outdoorsiness’; 9) Practice of nature-based 
ELC 1; 10) Practice of nature-based ELC 2; 11) Risks – Benefits; and 12) 
Weather. 

The labels attributed to each factor were suggested by the stake-
holders invited to participate in the data collection process (Step i data 
collection – factor elicitation). The researchers made changes to the 
labels only when strictly necessary with the purpose of matching the 
diagrams (Step ii data collection – Research Team Review) produced 
during the four different diagram construction workshops (Step i data 
collection – CLD creation). Some labels would present more than one 
concept at the same time if the stakeholders believed that these concepts 
needed to be considered together. For instance, ‘Child safety and 
Enjoyment’ encompasses two dependent concepts, that, for the purpose 
of effectively implementing nature-based ELC (as perceived by stake-
holders), cannot be considered independently. ELC settings need to 
manage the relationship between experiencing (and managing) risk and 
child safety (e.g., situations of danger that if exposed would result in 
serious injury). Therefore, a safe outdoor experience is an enjoyable one, 
and an enjoyable outdoor experience is a safe one. 

3.1.2. Reinforcing or Balancing loops identification 
Table 6 summarizes which of the twelve loops highlighted in the 

diagram mapped a reinforcing or a balancing segment of the outdoor 
play implementation process at ELCs. The five balancing loops concern 
the affordability of ELC, the experience that children have outdoors, the 
parental choice, an account of the risks and benefits, and the weather 
conditions. The seven reinforcing loops refer to the collaboration to an 
agreed vision, the relationship between the child and the educator, the 
formal and informal capacity building and release, the parental attitude 
about being outdoors, and the extent to which being outdoors is a 
consolidated practice. 

Table 5 
Summary of the centrality measures considered for analysis.  

Centrality Measure Explanation 

Degree centrality It estimates how well connected a node (in this case a factor) 
is within the structure (Freeman, 1978); In the context of a 
CLD diagram, it shows how important a factor is in the 
system. 

Bonacich power 
centrality 

It corresponds to the notion that the power of a node is 
defined by the sum of the power of the nodes it is connected 
to. The number of connections gives the power of a node. 
The node becomes more or less powerful as its connections 
become more or less powerful (Bonacich, 1987); In the 
context of a CLD diagram, it shows how much a factor is 
embedded into a substructure that characterizes the system. 

Eigenvector 
centrality 

It identifies nodes that are connected to many other nodes, 
which are, in turn, connected to many others measuring how 
they are influential for the structure as a whole (Bonacich, 
1987); In the context of a CLD diagram, it shows how much a 
factor is influential for the concept mapped out in the 
substructure it is embedded in. 

Closeness centrality It provides an index of how close each given node is to the 
others. This is one reasonable measure of the extent to which 
a vertex is in the “middle” of a given structure (Freeman, 
1978). In the context of this study, it measures how much 
each factor relies on each of the others to form the diagram. 

Betweenness 
centrality 

It assesses how important a node is in connecting the others 
by checking how often it is between other nodes’ pairs ( 
Borgatti and Everett, 2006). In the context of a CLD diagram, 
it shows how much a factor is crucial in connecting different 
substructures of the diagram together.  
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3.1.3. Interpretation of the loops 
The twelve loops explain parts of the complex process behind ELC 

implementation. The loop representing the ‘Affordability of outdoor 
ELC’ is balancing, and it is composed of five factors; three grouped as 
“ELC practice” and two as ‘Resources’. The loop shows how the practice 
of ELC is fostered by the creativity in engaging with the outdoor space 
and the culture promoting this engagement but constrained by the 
availability of funds and resources. For example, if resources were to 
decrease, practitioners would need to increase their levels of creativity 
to make the best of the resources they have. 

A second balancing loop of eight factors explains ‘Risks and Benefits’ 

processes. Four factors in this loop express ‘Educator attributes’, three 
‘ELC practice’, and one factor is ‘child related’ The benefits of ELC 
culture of outdoor play and learning are counterbalanced by the risks 
that might occur outdoors, by the fear and the perception of those risks, 
and by an assessment of whether the benefit overcomes the risks or not, 
and the perception of children’s safety and enjoyment. In this process, it 
is essential to account for the educators’ confidence and the trust that 
parents put in educators since if one or both are lacking, the risks might 
increase. 

The reinforcing loop describing the ‘Educator-child relationship’ is 
composed of twelve factors; six of which refer to ‘Educator attributes’, 
three to ‘ELC practice’, two to ‘Resources’, and one is ‘child related’. This 
large loop does not discuss material constraints that might impinge 
outdoor play implementation. Still, it focuses on how the educators’ 
knowledge and preparation, boosted by their motivation and confidence 
and by the opportunity for training and an actual formation, might 
benefit the quality of the outdoor play practice, the quality of the 
experience outdoors, and the motivation of children. This process keeps 
increasing the success of the ELC since it is not constrained by any 
material resources. 

The reinforcing loop focusing on ‘Informal capacity building and 
release’ overlaps with the ‘educator child relationship’ loop, but it has a 
closer focus on educators, their confidence, opportunities, and training. 

Capacity building is a familiar term used to represent the continued 
professional development of individuals within an organisation. How-
ever, within this mapping exercise, stakeholders also identified the 
requirement to ‘release’ knowledge: recognising the inherent need to be 

Fig. 1. Final CLD following completion of GMB exercise and multiple iterations of stakeholder/researcher review.  

Table 6 
Summary of the balancing and reinforcing loops.  

Loop Topic Loop Type 

Affordability of outdoor ELC Balancing loop 
Children play and learning experiences outdoors Balancing loop 
Collaborating to agreed vision Reinforcing loop 
Educator - child relationship Reinforcing loop 
Formal capacity building and release Reinforcing loop 
Informal capacity building and release Reinforcing loop 
Parental Choice Balancing loop 
Parental “outdoorsiness” Reinforcing loop 
Practice of outdoor based ELC 1 Reinforcing loop 
Practice of outdoor based ELC 2 Reinforcing loop 
Risks - Benefits Balancing loop 
Weather Balancing loop  
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able to cascade, or impart, their knowledge beyond their own learning, 
ensuring others in their setting were afforded the opportunity to benefit. 

Four of the factors relevant to this concept tap into the ‘Educator 
attribute’ theme, one on the ‘ELC practice’ and two on the ‘Resources’. It 
focuses on the informal learning opportunities that improve educators’ 
skills during outdoor play practice. This process is also not constrained 
by the potential lack of any material resources and keeps increasing the 
success of the ELC. 

Also, in partial overlap with the ‘Educator-child relationship’ loop is 
the one focusing on ‘Formal capacity building and release’. This rein-
forcing loop composed of six factors explains more closely the formal 
training of educators and building a practice of outdoor play facilitated 
by listening to feedback and listening to each other while using the 
outdoor space. It comprises three ‘ELC practice attributes’ two ‘Re-
sources’ ones, and one ‘Educator attribute’. With no factors constraining 
the loop, the inherent processes representing the relationships within 
could also grow indefinitely. 

The loop named ‘Weather’ is balancing and composed of four ‘ELC 
practice’ factors, two ‘resources’ factors, and one ‘child related’ factor. 
Outdoor play and learning needs to be well equipped for every type of 
weather. Unless appropriate clothing is available, the weather is con-
ditioning the safety and enjoyment of children and the use of the out-
door space. The physical inability to be outdoors would also impact the 
proficiency of the instructors through limited opportunities for feedback 
on practice, improvement in aspects of their pedagogy, and in turn affect 
their acquired knowledge. 

The reinforcing loops named ‘Practice of outdoor based ELC 1’ and 
‘Practice of outdoor based ELC 2’ express the core cultural component of 
outdoor play ELC practice. The first loop is composed of ten factors, five 
related to the ELC practice, four to educator attributes, and one to 
parental factors. It shows how the culture of being outdoors affects the 
use of the space that fosters the practice and the educators’ knowledge, 
confidence, and motivation. In this way, the educators have the agency 
of building and reinforcing shared values that promote the practice it-
self. The second loop comprises three educator’s attributes, two ELC 
practice factors, and one parental factor. It complements the first one by 
focusing on the importance of the experience that the educators acquire 
outdoors for the development of the outdoor play culture at the ELC 
setting. 

The loop named ‘Collaborating to agreed vision’ also complements 
the previous two. It is also reinforcing and comprises five ‘Educator at-
tributes’ factors and one ‘ELC practice’ factor. This loop shows that 
educators’ beliefs and behaviours are crucial for the success of outdoor 
play at ELC. Only by promoting shared values that reflect common 
strategies will outdoor play implementation be successful. 

The influence of parental factors complements the one promoted by 
educators. The balancing loop ‘Parental Choice’ composed of two 
‘parental factors’ and two ‘child related’ factors shows that the support 
given by parents to the ELC culture is limited by the care that each child 
can get outdoors, which is inversely proportional to the number of 
children. If the parents perceive outdoor play at ELC as safe and 
enjoyable for their children, they are likely to support its 
implementation. 

The balancing loop ‘Children play and learning experiences out-
doors’ comprises two child-related factors and one related to the ELC 
practice. The children experiencing ELC are directly influenced by 
having a sufficient number of ELC staff, and only with the necessary staff 
is it possible to use the outdoor space given the regulatory requirement 
of a staff to child ratio for outdoor activities of 1:8. 

3.2. CLD structural analysis 

3.2.1. Descriptive analysis 
The CLD diagram constitutes a network of 42 nodes and 57 links. Due 

to the peculiar nature of CLDs, the network has very low density (3%); 
meaning that the percentage of actual connections are low as they relate 

to the entire set of possible connections. The dyad census shows two 
reciprocal (mutual) links, 55 links that go in one direction only (asym-
metric), and 804 absences of links between nodes that could be con-
nected (null connections). The triad census returned only two closed 
intransitive triads of type 030C (A- > B- > C- > A). These types of triads 
are loops containing three factors. Each factor has an average path 
length of 6.35. The two factors that are furthest apart - with a path of 14 - 
are ‘educator attitude’ and ‘motivation of children’. These two factors 
denote two complementary concepts since they are part of the same 
conceptual diagram but topologically distant. The entire structure is 
needed to hold the relationship between the two. Considering these last 
two values we can say that there is a large variation in the distance 
between each pair of factors. Consequently, some of them are better 
connected than others. The subsequent leverage factor analysis explored 
this topological feature of the network further. 

3.2.2. Inferential analysis of the diagram structure 
Fig. 2 displays significant results (expressed using odds ratios) using 

the colour red and a circle dot. The first set of hypotheses (H1) is largely 
supported by the model results: The parameter ‘edges’ is statistically 
significant, supporting the hypothesis that the diagram is not generated 
by chance but describes an actual system. The odds ratio (0.001) is 
smaller than one and it indicates that the odds of having a highly con-
nected network are small. This result confirms that having a fully con-
nected CLD is very unlikely. The disconnected nature of the diagram is 
not by chance, but it characterizes the system of outdoor education in 
ELCs. 

The parameters checking on the outdegree 1 and 3 and the indegree 
1 and 2 are all statistically significant, showing that these number of 
connections characterize this structure. The odds of having CLDs char-
acterized by these numbers of connections are quite high as it is shown 
by the high odds ratios, in order from the top of the list in Fig. 2 (19.1, 
5.6, 10.4, 4.4). For both in and outdegree, the likelihood of forming links 
is higher for only one connection, allowing us to reject the null hy-
pothesis of no effect for H1b. 

The term checking on whether mutual connections characterize the 
CLD is not significant, showing that there is no evidence that the 
mutuality of connections are more likely to appear in the diagram (H1c). 
In fact, CLDs can have both mutual and asymmetric connections. 

None of the parameters testing for the importance attributed to the 
factors by the managers during the review is significant (H2a and b). 
This result shows that the final review performed by the manager did not 
bias the diagram. Also, it shows that connection is driven by the concept 
behind the diagram rather than the meaning inserted by each individual 
factor and its importance. No factor stands alone, but it is embedded in 
the system. 

The third block of hypotheses concerns the themes assigned to each 
factor. There is strong evidence (OR 4.04) that factors labelled with the 
same theme are likely to connect to each other (H3a). This is explained 
by the fact that often more than one factor with the same theme is 
needed to express a concept that characterizes the system. 

There is also evidence that the themes ‘Out of control’ and ‘Re-
sources’ are not connected by chance. Still, the likelihood of this 
occurring is low (OR 0.06, 0.2). This shows that the three factors that are 
not under the control of the stakeholders (‘Access to outdoor nature 
space’, ‘ELC ownership of nature space’, and ‘number of staff’) and those 
pinpointing resources are meaningful parts of the diagram since they 
depict essential parts of the system. At the same time, they are not 
related to every other factor but only contribute to certain parts of the 
system. More specifically to the balancing loops. In other words, they are 
not connected to every resource, but when they are it is a characterizing 
feature of the map. 

Finally, there is no evidence that the factors introduced by the same 
source (group of stakeholders) are more likely to be connected (H4a) 
since the terms checking for homophily between the sources are not 
significant. This shows that even if managers and practitioners are the 
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dominant source of information that informed the diagram, their 
contribution is not dominant and the information provided by other 
sources (researchers, manager reviews), are equally embedded in the 
diagram. This result could be considered a lack of bias in the data 
collection. 

At the same time, the parameters checking on the likelihood of 
connection of each source (nodefactor) show that the factors introduced 
by managers and practitioners and practitioners are more likely to be 
connected than factors introduced by other sources (statistically signif-
icant, OR 2.9 and 2.8). These two results show that a stronger contri-
bution of these two groups is still measurable even if not causing bias to 
the diagram (H4b). 

3.3. Finding leverage points in the CLD 

3.3.1. Selecting centrality measures 
CUG tests were employed to select the most suitable centrality 

measures for the analysis of the CLD. Three centrality measures are 
selected as they show a P-value close to 0: degree, betweenness, and 
eigenvector. The degree centrality P-value shows that 96.8% of the 
simulated networks present different degree centrality than the one we 
observe. The degree centrality of the observed CLD is different enough to 
move on with the analysis. The Betweenness and Eigenvector centrality 
of the observed CLD are very different from the random ones, and for 
this reason, they were employed to identify leverage points. More in-
formation about the CUG tests and a full table of the results can be found 
in Supplement 13. 

3.3.2. Finding leverage factors 
We estimated the three selected centrality measure on the CLD. A 

table providing the top seven factors for each measure is provided in 
Supplement 14. We observed that the factors with the highest Degree 
centrality in this network were also those with the highest Betweenness 

scores. Although self-explanatory, outdoor play within ELC cannot 
happen without the use of outdoor space and some degree of a culture of 
outdoor play and learning at ELC settings. Both, Degree and Between-
ness measures indicated the central role of the two factors ‘Use of out-
door space’ and ‘ELC culture of outdoor play and learning’, together 
with three other factors related to the educator’s attributes confidence, 
agency, and knowledge. The factors ‘perceived safety and enjoyment of 
children’ and the ‘culture of being outdoors’ were also central and 
strictly related to the ELC’s culture of outdoor play and learning. 

The Eigenvector centrality provided slightly different but comple-
mentary results assigning the highest importance to the ‘perceived child 
safety and enjoyment’. The ‘culture of being outdoors’ and the ‘ELC 
culture of outdoor play and learning’ also had a highly influential po-
sition in the structure together with ‘educator agency’, as also identified 
by the Degree and Betweenness measures. The Eigenvector centrality 
also assigns influence to ‘parental attitude to outdoor play and learning’, 
the ‘number of children experiencing outdoor play at ECE’, and the in-
fluence of the weather. Fig. 3 displays the three centrality measures for 
each factor at the same time. Six factors scored the highest consistently 
across measures and they are pinpointed as leverage factors for the 
attention of stakeholders. The six leverage factors are circled in red 
within the network representing the CLD in Fig. 3. 

4. Discussion 

By triangulating the three measures employed to identify leverage 
points (Degree, Betweeness, Eigenvector), our findings revealed six 
leveraging points that stakeholders should direct their efforts towards to 
improve nature-based play in ELC settings: 1) Use of outdoor nature 
space, 2) ELC culture of outdoor play and learning, 3) Perceived child 
safety and enjoyment, 4) Culture of being outdoors, 5) Educator confi-
dence, and 6) Educator agency. 

The leverage factors referring to the ‘use of outdoor nature space’ 

Fig. 2. Inferential analysis of the diagram structure - odds ratio output from individual hypothesis testing.  
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and the ‘perceived child safety and enjoyment’ can be related to re-
sources that need to be increased to promote outdoor play at ELC. 
Without appropriate, and accessible, outdoor space equipped to ensure 
the children’s safety, whilst affording the opportunity to engage in risky 
play, it is difficult to promote nature-based play any further (Ernst, 
2014). Over the last 10–15 years there has been an increased academic 
focus on the practical optimisation of outdoor play spaces and their 
affordances in the early years (Loebach et al., 2020; Maynard and Wa-
ters, 2014; Waters, 2017; White, 2019), where children are afforded 
challenge and risk within a framework of security and safety (White, 
2019). Although multiple resources exist to support nature-based ELC, 
there remains a necessity to build and strengthen a robust evidence base 
around the effectiveness of outdoor nature-based ELC, specifically the 
environmental conditions and affordances – the active ingredients - that 
support developmental outcomes of young children (Johnstone et al., 
2022; Johnstone et al., 2022). For instance, there is a paucity of scien-
tific evidence around the relative importance and optimal scale and 
configuration of the outdoor space within ELC environments, e.g., trees 
(erect and fallen), shrubbery, flowers, and long grass coverage; undu-
lating and mixed terrain; exposure to water, and opportunities for 
exposure to risk. 

Two further interconnected leverage points stakeholders should 
consider are ‘educator confidence’ and ‘educator agency’. Recent 
research in the Netherlands identified educator confidence in their own 
nature-based teaching expertise as a barrier to a more integrated out-
door pedagogical approach; compounded by the lack of formal recog-
nition in their current educational practice (van Dijk-Wesselius et al., 
2020). The CLD created by the stakeholders involved in this study il-
lustrates the immediate factors that either influence or are impacted by 
educator confidence; with knowledge being a key precondition, and 
motivation – and in turn one’s agency – to implement nature-based ELC 
being immediately impacted. It would therefore seem prudent to 
strongly encourage both informal and formal capacity building (both 
reinforcing loops within our CLD) within our current and future ELC 
educators and practitioners, including training opportunities, and im-
mersion and feedback on nature-based ELC practice as a means of 
increasing and improving the knowledge and confidence of ELC staff. 
The recognition, by stakeholders, that practitioners should be afforded 

the opportunity to ‘release’ this knowledge and cascade their learning to 
others also seems critical to the optimisation of practitioner develop-
ment. Systemic change in the way educators learn and acquire knowl-
edge is of clear importance and needs to be supported by educational 
policy, regulation, and guidance (Cheng et al., 2022; Waite, 2009). In 
Scandinavia, the udeskole (‘outdoor school’) movement is characterised 
by compulsory and regular educational activities outside the school 
buildings, taking place in both natural and cultural settings (Bentsen 
et al., 2009). There is a clear top-down governmental endorsement, 
which includes investment (monetary and material resources), research, 
and nature-based educational policy – reinforcing the engrained culture 
of being outdoors (Waite, 2020). Within the Scottish context, that 
top-down endorsement is becoming progressively evident, with main-
stream investment and resources being made available for formal and 
informal opportunities being developed to meet the key capacity 
building needs of nature-based practitioners. Amongst other profes-
sional developmental opportunities, Learning through Landscapes (http 
s://www.ltl.org.uk/), a UK-based charity dedicated to enhancing out-
door learning and play for children, are the only Scottish Qualifications 
Authority (SQA) accredited delivery centre for a Forest Kindergarten 
qualification. The development (enhanced through further research) 
and integration of these opportunities within the educational system to 
support educator confidence and agency are crucial for the success and 
optimal implementation of nature-based ELC. 

Our approach allowed us to identify two key pillars in the ELC out-
door play system: i) resources to fund and promote outdoor play across 
settings and ii) culture of outdoor play. The first pillar is identified by 
several balancing loops, and the second by the reinforcing loops. The 
balancing loops describe a process that needs to be supported by ma-
terial resources to function properly. The loops describing the system’s 
material needs emphasise that its level of success depends on factors that 
are scarce or in sub-optimal supply (financial support, education qual-
ity) or unpredictable (weather). The second pillar, culture of outdoor 
play, is characterised by several reinforcing loops. This means the cul-
ture of outdoor play and learning at ELCs is enhanced by actively pro-
moting the culture of being outdoors in and of itself. This happens 
through ‘sensemaking’ (Weick, 1995) whereby organisations that are 
new or promoting innovation create a strong identity to support their 

Fig. 3. Leverage factors identified within the CLD network following multiple measures of centrality.  
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aims. This involves supporting their staff to work around a narrative that 
distinguishes them from comparable but different models and develop 
their own and distinct culture. As shown in other studies, the more 
people invest in it, the more it grows, the more the organization becomes 
defined, distinguishable and successful (Delaney, 2018; Rom and Eyal, 
2019). Both, resources for and culture of nature-based play are key for 
nature-base ELC implementation. While the presence of material factors 
(balancing loops) might impinge the prosperity of nature-based play at 
ELC, removing the immaterial factors (the reinforcing loops) from the 
system might lead to its failure. 

4.1. Strengths and limitations 

The strengths of this study were the data collection strategy and the 
three analyses employed, contributing to analysing the early imple-
mentation of organisational change. The novel protocol employed dur-
ing the GMB within online workshops can be replicated to collect 
information about similar organisational innovations that require 
assessment. CLDs have been already used for the analysis of policy 
implementations and organisational change assessment (Bar-
brook-Johnson and Penn, 2021; Baugh Littlejohns et al., 2018; McGla-
shan et al., 2016), and social network analysis was previously applied to 
the analysis of CLD (McGlashan et al., 2016). This study further develops 
the literature in the field by employing ERGMs to understand the dia-
gram’s structure, its properties, and potential bias in the diagram con-
struction and by selecting the better-suited centrality measures using 
CUG tests. Aggregating diagrams is a recommended and 
well-established practice in CLDs’ analysis (Ryan et al., 2021). However, 
the aggregation process might lead to unwanted and unobserved biases 
by not providing equal space to the point of view of the different groups 
involved in the data collection process or altering the diagram’s struc-
ture, to name a few common problems. Therefore, it is crucial to 
achieving higher awareness of the causality process that produced the 
system under examination, considering the available information. In 
this study, the ERGM showed that the process of diagram aggregation 
balanced the points of view of all the stakeholders involved. It also 
showed that the stakeholders engaged in the data collection process 
constructed a diagram truly representing their view about the system of 
nature-based play at ELC. It was also appraised that the small number of 
connections elicited by each factor is a structural property of the dia-
gram and that the connections could be directed either way providing 
new evidence about the structural properties of CLDs. Moreover, it is 
shown that the connections are driven by homophily in the factors’ 
themes, shedding light on the characterising features of mental maps. 
Also, resources and factors out of control are a necessary part of the 
diagram since they display the material constraints. 

Finally, the CUG tests’ employment helped select the more reliable 
measures to move on with the identification of the leverage points. 

4.2. Implications of findings 

The implications of this study are threefold: i) methodological and 
analytical advancement in the participatory creation of causal loop di-
agrams of organizational systems; ii) practical application of identified 
leverage factors for the optimisation of nature-based ELC practice; and 
iii) the identification of scientific/academic lines of inquiry as it relates 
to evaluation of perceived causal determinants, interdependencies, and 
systemic effects inherent in the implementation of nature-based ELC 
and/or intervention(s) aimed to alter the system. 

The methodology employed in this study constitutes a blueprint for 
increasing the reliability of qualitative data collected with GMB to 
analyse systems. The employment of GMB enables a bottom-up under-
standing of a system that is often neglected over top-down knowledge. 
The employment of ERGMs makes the implications of the data collection 
process transparent and results more reliable for other researchers to 
replicate, critique, and evolve. 

The identification of leverage points provides immediate tools for 
practical intervention in the system. These factors seem to be integral to 
the structure and function of the wider system. Therefore, rather than 
trying to intervene across the whole system of nature-based ELC delivery 
it may be most rewarding to invest available resources in sub sections of 
the system, focusing on the small number leverage points identified in 
this study as being the most important/applicable to the context of the 
any given ELC practice. This means that when developing and evalu-
ating nature-based ELC programs, findings can be used to develop pro-
gramme theory and test those underlying assumptions in a series of 
systematic effectiveness and process evaluations. 

One thing of note, however, is that certain leverage points within our 
diagram could benefit from further refinement to be more explicit and 
tangible to change. 

Where stakeholders identified the importance of ‘culture’ (in outdoor 
play and learning) for instance, these do not necessarily have a direct 
application or translation. We would encourage future research to un-
pack these against the backdrop of the CLD. 

Follow up studies could replicate the same methodology used for this 
research, but with more narrowed focus, to enrich the understanding of 
each of the six leveraging points identified at this stage. Combined with 
the further exploration and disentanglement of the relationships between 
relevant factors, these two options would provide additional trans-
lational benefit the stakeholders of nature-based ELC. 

The further application of systems-based methodology would allow 
us to understand the dynamic evolution of the system under examina-
tion, using System Dynamic modelling or Agent Based Modelling. The 
former would help us to observe the temporal evolution of the system. 
The latter would allow us to parameterize the stakeholder CLD to 
model/simulate the implications of changes to the system on specific 
child behaviours (e.g., the number and variation in play behaviours 
when outdoors in nature, number of prosocial behaviours), health and 
wellbeing outcomes (e.g., BMI, affect, attention) and inequalities (i.e., 
the gap in health and wellbeing outcomes as a function of socioeconomic 
background of children) therein (Tracy et al., 2018). These relatively 
novel applications of computer assisted simulation may provide insight 
into the way the system operates, including wider spill-over, inter-
connected, effects across the factors, links, and loops (including feed-
back) within the CLD; emergence of new properties (not explicit in the 
model as it is) when multiple factors and relationships interact; and, in 
support of the more traditional interventionist paradigm, these simula-
tions are able to help confirm, refute, and raise hypotheses about the 
causal relationships where action/change to one/multiple factors lead to 
change in other factors. 

Declaration of conflicting interests 

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article. 

Funding 

CZ was supported by the Jheronimus Academy of Data Science, 
Tilburg University. AJ, AM and SC were supported by the UK Medical 
Research Council and Scottish Chief Scientist Office (grant numbers 
MC_UU_00022/1, SPHSU16). NRC was supported by the UK Medical 
Research Council and Scottish Chief Scientific Office (MC_UU_00022/2 
& SPHSU17). AJ was also supported by the UK Economic and Social 
Research Council (grant number ES/T501918/1). OT was supported by 
the UK Medical Research Council (funding code MC_ST_00022). PM was 
supported by the UK Medical Research Council and Scottish Chief Sci-
entific Office (grant numbers MC_UU_00022/4; SPHSU19). 

Data availability 

All underlying code used for this paper can be found in the 

C. Zucca et al.                                                                                                                                                                                                                                   



Health and Place 79 (2023) 102955

11

supplementary files 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.healthplace.2022.102955. 

References 

Allender, S., Owen, B., Kuhlberg, J., Lowe, J., Nagorcka-Smith, P., Whelan, J., Bell, C., 
2015. A community based systems diagram of obesity causes. PLoS One 10 (7), 
e0129683. https://doi.org/10.1371/journal.pone.0129683. 

Andersen, D.F., Richardson, G.P., 1997. Scripts for group model building. Syst. Dynam. 
Rev.: J. Sys. Dyn. Soc. 13 (2), 107–129. 

Barbrook-Johnson, P., Penn, A., 2021. Participatory systems mapping for complex 
energy policy evaluation. Evaluation 27 (1), 57–79. 

Baugh Littlejohns, L., Baum, F., Lawless, A., Freeman, T., 2018. The value of a causal 
loop diagram in exploring the complex interplay of factors that influence health 
promotion in a multisectoral health system in Australia. Health Res. Pol. Syst. 16 (1), 
1–12. 

Bentsen, P., Mygind, E., Randrup, T.B., 2009. Towards an understanding of udeskole: 
education outside the classroom in a Danish context. Educ. 3-13 37 (1), 29–44. 

Bertalanffy, L.v., 1956. General system theory. General Syst. Iб (9). 
Bonacich, P., 1987. Power and centrality: a family of measures. Am. J. Sociol. 92 (5), 

1170–1182. 
Borgatti, S.P., Everett, M.G., 2006. A graph-theoretic perspective on centrality. Soc. 

Network. 28 (4), 466–484. 
Brereton, C.F., Jagals, P., 2021. Applications of systems science to understand and 

manage multiple influences within children’s environmental health in least 
developed Countries: a causal loop diagram approach. Int. J. Environ. Res. Publ. 
Health 18 (6), 3010. 

Butts, C.T., 2008. Social network analysis: a methodological introduction. Asian J. Soc. 
Psychol. 11 (1), 13–41. 

Cheng, T., Brussoni, M., Han, C., Munday, F., Zeni, M., 2022. Perceived challenges of 
early childhood educators in promoting unstructured outdoor play: an ecological 
systems perspective. Early Years 1–17. 

Cleary, A., Fielding, K.S., Murray, Z., Roiko, A., 2020. Predictors of nature connection 
among urban residents: assessing the role of childhood and adult nature experiences. 
Environ. Behav. 52 (6), 579–610. https://doi.org/10.1177/0013916518811431. 

Dankiw, K.A., Tsiros, M.D., Baldock, K.L., Kumar, S., 2020. The impacts of unstructured 
nature play on health in early childhood development: A systematic review. PLoS 
One 15 (2), e0229006. https://doi.org/10.1371/journal.pone.0229006. 

Delaney, K.K., 2018. Negotiating calendar time: ‘Best practices’ and teacher sense- 
making in a public pre-Kindergarten classroom. J. Early Child. Teach. Educ. 39 (2), 
150–168. https://doi.org/10.1080/10901027.2018.1441927, 2018/04/03.  

Easley, D., Kleinberg, J., 2010. Networks, Crowds, and Markets: Reasoning about a 
Highly Connected World. Cambridge university press. 

El-Sayed, A.M., Galea, S., 2017. Systems Science and Population Health. Oxford 
University Press. 

Ernst, J., 2014. Early childhood educators’ use of natural outdoor settings as learning 
environments: an exploratory study of beliefs, practices, and barriers. Environ. Educ. 
Res. 20 (6), 735–752. 

Freeman, L.C., 1978. Centrality in social networks conceptual clarification. Soc. 
Network. 1 (3), 215–239. 

Hall, A.D., Fagen, R.E., 2017. Definition of system. In: Systems Research for Behavioral 
Sciencesystems Research. Routledge, pp. 81–92. 

Handcock, M., Hunter, D., , C. B., Goodreau, S., Krivitsky, P., Morris, M., 2021. Ergm: fit, 
simulate and diagnose exponential-family models for networks. https://cran.r-projec 
t.org/web/packages/ergm/ergm.pdf. Version 4.1.2.  

Heitman, K., 2017. Reductionism at the dawn of population health. In: El-Sayed, A., 
Galea, A. (Eds.), Systems Science and Population Health. Oxford University Press, 
pp. 9–24. https://doi.org/10.1093/acprof:oso/9780190492397.003.0002. 

Holland, P.W., Leinhardt, S., 1971. Transitivity in structural models of small groups. 
Comp. Group. Stud. 2 (2), 107–124. 

Hovmand, P.S., 2014. Group model building and community-based system dynamics 
process. In: Community Based System Dynamics. Springer, pp. 17–30. 

Hunter, D.R., Goodreau, S.M., Handcock, M.S., 2008. Goodness of fit of social network 
models. J. Am. Stat. Assoc. 103 (481), 248–258. 

Johnstone, A., McCrorie, P., Cordovil, R., Fjørtoft, I., Iivonen, S., Jidovtseff, B., Lopes, F., 
Reilly, J.J., Thomson, H., Wells, V., 2022. Nature-based early childhood education 
and children’s physical activity, sedentary behavior, motor competence, and other 
physical health outcomes: a mixed-methods systematic review. J. Phys. Activ. Health 
1 (aop), 1–17. 

Johnstone, A., Martin, A., Cordovil, R., Fjørtoft, I., Iivonen, S., Jidovtseff, B., Lopes, F., 
Reilly, J.J., Thomson, H., Wells, V., McCrorie, P., 2022a. Nature-based early 
childhood education and children’s social, emotional and cognitive development: a 
mixed-methods systematic review. Int. J. Environ. Res. Publ. Health 19 (10), 5967. 
https://www.mdpi.com/1660-4601/19/10/5967. 

Kumu, 2022. Relationship mapping software. Retrieved from. https://kumu.io. 
Landherr, A., Friedl, B., Heidemann, J., 2010. A critical review of centrality measures in 

social networks. Bus. Info. Syst. Eng. 2 (6), 371–385. 
Lannon, C., 2012. Causal loop construction: the basics. Syst. Thinker. 23 (8). 

Littlejohns, L.B., Hill, C., Neudorf, C., 2021. Diverse approaches to creating and using 
causal loop diagrams in public health research: recommendations from a scoping 
review. Publ. Health Rev. 42. 

Loebach, J., Little, S., Cox, A., Owens, P.E., 2020. The Routledge Handbook of Designing 
Public Spaces for Young People: Processes, Practices and Policies for Youth 
Inclusion. Routledge. 

Luke, D.A., Stamatakis, K.A., 2012. Systems science methods in public health: dynamics, 
networks, and agents. Annu. Rev. Publ. Health 33, 357–376. https://doi.org/ 
10.1146/annurev-publhealth-031210-101222. Apr.  

Maynard, T., Waters, J., 2014. Exploring Outdoor Play in the Early Years. McGraw-Hill 
Education, UK).  

McGlashan, J., Johnstone, M., Creighton, D., de la Haye, K., Allender, S., 2016. 
Quantifying a systems map: network analysis of a childhood obesity causal loop 
diagram. PLoS One 11 (10), e0165459. https://doi.org/10.1371/journal. 
pone.0165459. 

Mitra, R., Moore, S.A., Gillespie, M., Faulkner, G., Vanderloo, L.M., Chulak-Bozzer, T., 
Rhodes, R.E., Brussoni, M., Tremblay, M.S., 2020. Healthy movement behaviours in 
children and youth during the COVID-19 pandemic: exploring the role of the 
neighbourhood environment. Health Place 65, 102418. https://doi.org/10.1016/j. 
healthplace.2020.102418, 2020/09/01/.  

Morris, M., Handcock, M.S., Hunter, D.R., 2008. Specification of exponential-family 
random graph models: terms and computational aspects. J. Stat. Software 24 (4), 
1548. 

Mygind, L., Kjeldsted, E., Hartmeyer, R., Mygind, E., Bolling, M., Bentsen, P., 2019. 
Mental, physical and social health benefits of immersive nature-experience for 
children and adolescents: a systematic review and quality assessment of the 
evidence. Health Place 58, 102136. https://doi.org/10.1016/j. 
healthplace.2019.05.014. Jul.  

Onnela, J.-P., 2014. Flow of control in networks. Science 343 (6177), 1325–1326. 
Phelan, S.E., 1999. A note on the correspondence between complexity and systems 

theory. Syst. Pract. Action Res. 12 (3), 237–246. 
Riazi, N.A., Wunderlich, K., Gierc, M., Brussoni, M., Moore, S.A., Tremblay, M.S., 

Faulkner, G., 2021. You can’t go to the park, you can’t go here, you can’t go there”: 
exploring parental experiences of COVID-19 and its impact on their children’s 
movement behaviours. Children 8 (3), 219. https://www.mdpi.com/2227-906 
7/8/3/219. 

Robins, G., Pattison, P., Kalish, Y., Lusher, D., 2007. An introduction to exponential 
random graph (p*) models for social networks. Soc. Network. 29 (2), 173–191. 

Rom, N., Eyal, O., 2019. Sensemaking, sense-breaking, sense-giving, and sense-taking: 
how educators construct meaning in complex policy environments. Teach. Teach. 
Educ. 78, 62–74. https://doi.org/10.1016/j.tate.2018.11.008, 2019/02/01/.  

Rouwette, E., Vennix, J.A., Mullekom, T., 2002. Group model building effectiveness: a 
review of assessment studies. Syst. Dynam. Rev. J. Syst. Dynam. Soc. 18 (1), 5–45. 

Rutter, H., Savona, N., Glonti, K., Bibby, J., Cummins, S., Finegood, D.T., Greaves, F., 
Harper, L., Hawe, P., Moore, L., Petticrew, M., Rehfuess, E., Shiell, A., Thomas, J., 
White, M., 2017. The need for a complex systems model of evidence for public 
health. Lancet 390 (10112), 2602–2604. https://doi.org/10.1016/S0140-6736(17) 
31267-9. Dec 9.  

Ryan, E., Pepper, M., Munoz, A., 2021. Causal loop diagram aggregation towards model 
completeness. Syst. Pract. Action Res. 34 (1), 37–51. 

Scott, R.J., Cavana, R.Y., Cameron, D., 2013. Evaluating immediate and long-term 
impacts of qualitative group model building workshops on participants’ mental 
models. Syst. Dynam. Rev. 29 (4), 216–236. 

Scott, R.J., Cavana, R.Y., Cameron, D., 2016. Recent evidence on the effectiveness of 
group model building. European Journal of Operational Research 249 (3), 908–918. 
https://doi.org/10.1016/j.ejor.2015.06.078. 

Scottish Government, 2021. In: Early Learning and Childcare Expansion. Scottish 
Government. Retrieved 23/03/2022 from. https://www.gov.scot/policies/early 
-education-and-care/early-learning-and-childcare/. 

Snijders, T.A., 2011. Statistical models for social networks. Annu. Rev. Sociol. 37, 
131–153. 

Spencer, L.H., Lynch, M., Lawrence, C.L., Edwards, R.T., 2020. A scoping review of how 
income affects accessing local green space to engage in outdoor physical activity to 
improve well-being: implications for post-COVID-19. Int. J. Environ. Res. Publ. 
Health 17 (24), 9313. https://www.mdpi.com/1660-4601/17/24/9313. 

Tillmann, S., Tobin, D., Avison, W., Gilliland, J., 2018. Mental health benefits of 
interactions with nature in children and teenagers: a systematic review. 
J. Epidemiol. Community Health 72 (10), 958–966. https://doi.org/10.1136/jech- 
2018-210436. Oct.  
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