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Abstract 
The aim of this study was to systematically review the protocols to assess the built environment in the 

context of early childhood and physical activity. Three databases were systematically searched for 

studies that examined associations between the built environment and preschoolers’ physical activity 

levels. A total of 27 studies were included in the analysis. Results show a clear distinction between 

approaches administered in the neighborhoods and childcare domains. Although Geographic 

Information Systems are employed in most studies in the neighborhood domain and have been 

understood as an objective approach, findings have indicated a lack of specificity regarding early 

childhood environmental variables, which can compromise protocols content validity. Further, although 

self-perceived approaches were found in only three studies, analysis of instrument content validity and 

cross-cultural adaptation also showed limited validation evidence. In the childcare context, the micro-

scale built environment is a strong trend in customization of measurement protocols in early childhood. 

However, present findings have indicated the necessity for enhancements to validation procedures, 

particularly regarding internal consistency and content validity to develop needed customization. 

Therefore, future research should utilize more rigorous validation techniques to address the micro-scale 

built environment within the context of early childhood physical activity levels. 
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Introduction 

 

Research that focuses on physical activity (PA) levels in early childhood is a most critical 

tenet for life-long health promotion. A conducive environment for PA is one of the key areas 

to support healthy behavior in children (Boldemann et al., 2006; Tonge et al., 2016). That 

said, although previous reviews approached the matter of measurements of the built 

environment for PA (Brownson et al., 2009; Sallis, 2009), to the best of our knowledge, no 

reviews have addressed the protocols used to analyze the physical environment in the specific 

context of early childhood PA levels. The present study addressed the following research 

question: In the context of preschoolers’ PA levels, to what extent do environment 

measurement protocols consider early childhood environmental specificities? Thus, the 

purpose of this study was to analyze approaches, associated validation procedures, and trends 

of the protocols utilized in current research on the built environment within the context of 

PA patterns in early childhood.  

The understanding of this topic is essential to provide accurate evidence to explore PA 

patterns at all ages. Adulthood patterns of PA are strongly related to adolescence (Batista et 

al., 2019; Bentham et al., 2017; Kjønniksen et al., 2008), childhood (Batista et al., 2019; 

Telama et al., 2014), and early childhood (3-5 years-old) PA levels (Rovio et al., 2018; 

Telama et al., 2014). For instance, a longitudinal study demonstrated that the PA levels of a 

three-year-old, evaluated by the mother, could predict the child’s PA behavior at the age of 

15 for boys and 24-years old for girls (Telama et al., 2014). Evidently, PA policies targeting 

early ages can help promote long-lasting physically active lifestyles. 

Apart from the association to further life periods, recent evidence has shown that 

preschoolers can benefit from an active lifestyle in a variety of ways (Carson et al., 2017; 

Tandon et al., 2016). Preschoolers’ PA levels are positively associated with cognitive 

function (Carson et al., 2017; Tandon et al., 2016), motor competence (Carson et al., 2017; 

Cattuzzo et al., 2016), academic achievement (Tandon et al., 2016), psychosocial function 

(Carson et al., 2017; Tandon et al., 2016), physical fitness (Carson et al., 2017; Martinez-

Tellez et al., 2016; Steinberger et al., 2016), and obesity (Zhang et al., 2018). Aside from all 

of this evidence, the American Heart Association contended that most children experience a 

decline in PA levels over time (Steinberger et al., 2016). 



Measuring the Environment for Physical Activity in Early Childhood: A Narrative and Systematic Literature Review�

161 

Research focusing on PA and the environment has increased since the late 1990s when PA 

behavior became more thoroughly understood through an multidomain perspective, 

including the environment as a critical domain (Sallis, 2009). PA environment is described 

as the place where people have the opportunity to be physically active in a natural or a built 

environment (i.e., school, workplace, neighborhood, recreation areas) (Sallis, 2009). In early 

childhood, research has demonstrated that the childhood environment has an impact on 

weight control (Berg, 2015), later disability (Devarajan et al., 2020), screen time exposure 

(Timperio et al., 2017), aspects of children’s developmental vulnerability (Christian et al., 

2017), as well as popular environmental concerns such as carbon emissions and global 

warming (Devarajan et al., 2020) and PA levels in early childhood (Tonge et al., 2016). 

Neighborhood infrastructure, including parks, green spaces and playgrounds, is correlated to 

PA levels related to children, adolescents, and adults (An et al., 2019; Devarajan et al., 2020). 

Finally, the childcare environment influences 50% of the PA variance in preschoolers and, 

therefore, is an essential and the most frequent variable studied in PA in early childhood 

(Bower et al., 2008; Gray et al., 2015; Määttä et al., 2019; Tonge et al., 2016). 

The PA pattern related to the environment in early childhood may vary considerably 

(Christian et al., 2017). For instance, one study found that the presence of water (e.g. lake, 

pool, pond, river) was positively associated with preschoolers' PA levels. Conversely, the 

presence of bike lanes and the quality of sidewalks were not (Aarts et al., 2010). Similarly, a 

school playground with more free space and portable equipment is strongly associated with 

early childhood PA (Berg, 2015). The presence of swings and sandboxes is negatively related 

to children's PA (Gubbels et al., 2012). From a neighborhood perspective, the well-known 

walkability index is not always associated with early childhood PA, likely because playing 

seems more relevant than walking for young children. Finally, the availability of parks or 

playgrounds is insufficient to provide a notion on individual accessibility (Xu et al., 2017) 

since the playground characteristics are crucial to determine childhood PA (Berg, 2015; 

Driediger et al., 2019). In fact, recent developments on urban planning for children defends 

that a child-friendly urban planning should consider structures beyond the fences of the 

traditional playgrounds (Gill, 2021). This fact expands and reinforces the necessity of 

creating assessment protocols based on early childhood needs and specificities. Finally, a 

systematic review showed that the physical environment domain in the context of PA and 
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preschoolers' sedentary and healthy behaviors could present at least 12 variables to analyze 

(Tonge et al., 2016).  

It is unclear whether the current research has employed validated measurement protocols 

that cover early childhood specificities and variables, such as playground equipment 

characteristics, opportunities to play outside the traditional playgrounds, presence of water, 

and playing opportunities. Further, interventions in increasing PA levels may be 

compromised if the physical environment is not adequately analyzed (Driediger et al., 2019). 

Therefore, a systematic literature review is fundamental to identify the measurement 

protocols, validation procedures, and trends within the context of physical environment in 

such a peculiar life period as early childhood. 

 

 

Method 

 

Eligibility Criteria  

 

To be included in this paper, studies that met the following criteria were included: (1) 

offered data that could be directly applied to subjects in early years (i.e., 0 to five years old); 

(2) presented the protocol for the measurement or analysis of the physical environment; (3) 

showed the PA levels or outdoor play as one outcome; (4) was a peer-review article; and (5) 

articles written in English. Studies were not included if they were literature reviews or meta-

analyses.  

 

Search Strategy 

 

The search procedure was conducted using the databases Medline, Science Direct, and 

Web of Science. Refined searches were developed to find articles that presented the 

combination of the targeted keywords in the title or the abstract, based on three groups: (1) 

environment (“environment”, “built environment”, “neighborhood”, “outdoor”, 

“playground”, “child care”, “parks”, “green space”), (2) targeted life period (“preschool”, 

“early childhood”, “preschoolers”, “early years”, “children”, “young children”, “child”, 
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“toddlers), and (3) physical activity (“physical activity”, “physical inactivity”, “physical 

exercise”, “exercise”, “physical fitness”, “sedentary”, “sedentarism”, “outdoor activity”). 

Preliminary searches revealed that, to appropriately narrow the search process, syntaxes 

should be developed and tested using one keyword of each of the group, with the logical 

operator “AND” targeting articles abstract and title.  This search strategy was determined to 

ensure that all three necessary groups (Environment, Life Period and Physical Activity) were 

presented in the articles selected. All keywords were revised, and final searches were 

conducted until July 15th, 2020, to ensure full coverage. A time limit was not defined in the 

search criteria, as it was intended to cover all research available on the topic to date. The 

retrieved articles were imported to Mendeley (reference manager) (Foeckler et al., 2020) to 

check duplicates. Syntaxes that produced at least one relevant article are presented in table 1. 

 

Table 1. Results of the Search Strategy 

Syntaxes Articles 

(1) "environment"; (2) "early childhood"; (3) "physical activity" 116 

(1) "built environment"; (2) early childhood; (3) "physical activity"  17 

(1) "neighbourhood"; (2) early childhood; (3) "physical activity"  37 

(1) "neighborhood"; (2) "preschoolers"; (3) "physical activity"  14 

(1) "physical environment"; (2)"young children"; (3) "physical activity"  52 

(1) "environment"; (2) "early years"; (3) "physical activity"  45 

(1) "environment"; (2) "preschool children"; (3) "exercise"    4 

(1) "environment"; (2) "toddlers"; (3) physical activity    3 

Total 288 

 

Data Extraction 

 

The data analysis was considered according to various aspects related to the measurements 

of the physical environment. We described separate data tables according to the type of 

physical environment: one for the neighborhood environment and another for the childcare 

environment (the studies that analyzed both environments were allocated in both tables). The 

tables were composed of the following aspects: reference, study design, country, age (years), 

sample, protocol name, approach, environmental factors (i.e., physical variables), validation 
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process, and reference. In the group for the physical environment of the neighborhood, the 

approach aspect was divided into three categories based on a previous review (Brownson et 

al., 2009): Perceived (Self-Reported), Objective Measure, and Observational or Audit. A 

category named “Observational or Audit (Facility Self-assessment)” was created by the 

authors and included in the childcare group. Additionally, the “environmental factors” 

characteristic was composed of the domains that each protocol approached to provide details 

and specificity of the protocol. Although many protocols offer several measurement domains, 

in this paper, only the physical variables were considered in the analysis. 

 

 

Results 

 

General Description of the Studies 

 

A total of 313 studies were identified. The removal of 25 duplicates resulted in 288 papers 

to submit to the eligibility criteria. The 288 references were submitted to a previous title, and 

abstract screening and 193 articles were excluded. Further, the remaining 93 full-text articles 

were assessed for eligibility, and 27 were included in the review.   

 

Essential Characteristics of the Studies 

 

The study's characteristics are summarized in Tables 1 and 2. Of the 27 papers included, 

nine were developed in Australia, five in the United States, five in Canada, three in the 

Netherlands, and one in China, Finland, Germany, Sweden, and Switzerland. As expected, 

the majority of studies were cross-sectional designed (24; 88.8%), followed by two 

longitudinal investigations, one protocol description, and one validation study. The 

neighborhood physical structure was present in 15 references (see Table 1), and twelve 

studies approached the childcare space (see Table 2). One investigation was conducted in 

both environments (Christian et al., 2016).  
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Protocols 

 

As a whole, physical environment measurements showed considerable approach variation. 

Of the studies that administered one protocol, eight studies used Geographic Information 

Systems (GIS), thirteen applied Observational or Audit Instruments, and three conducted 

Perceived (Self-Reported) data collection. Three papers employed two protocols (Boldemann 

et al., 2006; O’Connor et al., 2014; Xu et al., 2017). For O'Connor et al. (2014) and 

Boldemann et al. (2006), data was collected using Observational or Audit and Perceived 

(Self-Reported) instruments, while Xu et al. (2017) fused a GIS with a Perceived (Self-

Reported) instrument.  

As explained above, the context of the physical environment and PA in early childhood 

presents clear distinctions among environments. Therefore, the results analyzed from an 

environmental or location perspective offer deeper comprehension; studies that used two or 

more instruments are mentioned separately. 

 

Physical Environment Protocols 

 

Regarding protocols to assess the neighborhood physical environment (see Table 1), the 

GIS was used in seven studies, three administered Perceived (Self-Reported) (Aarts et al., 

2010; Lu et al., 2019, 2020), and two studies applied Observational or Audit instruments 

(Kimbro et al., 2011; Sallis et al., 1993). Two studies applied two instruments (O’Connor et 

al., 2014; Xu et al., 2017). O'Connor et al. (2014) used an Observational or Audit and a 

Perceived (Self-Reported), and Xu et al. (2017) used a GIS and a Perceived (Self-Reported) 

instrument. The Australian Bureau of Statistics (ABS) was used by one study (Sanders et al., 

2015). Overall, it is observed that GIS is the most prevalent approach in the neighborhood 

physical environment, being applied in approximately 53% of the studies. That said, only one 

study presented data about GIS validation indexes (Xu et al., 2017). 

The Perceived (Self-Reported) approaches are mainly composed of questionnaires or 

scales submitted to several validation processes. In this sense, three studies used 

questionnaires based on a previous Dutch research questionnaire (Aarts et al., 2010; Lu et al., 

2019, 2020) validated using Cronbach's alpha (Cronbach's α: 0.631 to 0.708) tested in the 
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studies (Aarts et al., 2010; Lu et al., 2019, 2020). The fourth study (O’Connor et al., 2014) 

employed the subscale of The Neighborhood Environment Walkability Scale for Youth 

validated by Rosenberg et al. (2009) (Test-retest reliability - (ICC range .56–.87). Finally, 

Xu et al. (2017) used Questions from Growing up in Australia: The Longitudinal Study of 

Australian Children, with no validation indexes available. The Observational or Audit 

protocols were used in three studies: two used customized audits (Kimbro et al., 2011; 

O’Connor et al., 2014) and The Eating Out and play Opportunities Questionnaire (Sallis et 

al., 1993) validated by McKenzie et al. (1991) using test-retest reliability and validity 

(discriminatory).  

 

Childcare Protocols 

 

As far as the childcare environment is concerned, most of the studies that applied a single 

approach used Observational or Audit instruments (11; 91%), and one used GIS (external 

space – playground) (see Table 2). Within the Observational or Audit Instrument category, 

nine administered an Observational and Audit instrument, and two studies presented data 

using a facility self-assessment audit. Three studies used the original version of the 

Environment and Policy Assessment and Observation (EPAO) (Gubbels et al., 2012; Peden 

et al., 2017; Vanderloo et al., 2014), two proposed adapted EPAO versions for the Australian 

context (Christian et al., 2016; Ng et al., 2020), and one administered its facility self-

assessment version (EPAO-SR) (Tucker et al., 2019). Both EPAO and EPAO-SR present 

distinct validation studies (Ward et al., 2008; Ward et al., 2015). 

Additionally, six articles described different approaches. Customized instruments based 

on previously validated ones were used by two studies (Hinkley et al., 2016; Määttä et al., 

2019). Hinkley et al. (2016) administered purposed-designed audits based on the EPAO and 

the Nutrition and Physical Activity Self-Assessment for Child Care (validated by Benjamin 

et al. 2007). Similarly, Määttä et al. (2019) built an audit from the adaptation of the EPAO, 

the National investigation about the PA conditions in Finnish preschools, and customized 

items for the study. Although the authors chose to apply pre-validated instruments, no 

validation evidence was presented for the customized audits developed.  

A customized environmental audit was administered by Henderson et al. (2015), 
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previously validated by the same research group (Henderson et al., 2011). The Infant/Toddler 

Environment Rating Scale-revised edition (ITERS-R) was used by Zhang et al. (2018) based 

on the study validation proposed by Harms et al. (2017). The PLAYCE audit was employed 

in one study (Maitland et al., 2020). It was tested for intra-rater reliability, inter-rater 

reliability achieving excellent intra-class correlation indices (ICC = 0.80–0.94). It also 

presented a construct validation process based on experts and pre-existing items from 

instruments with high validity and reliability scores (Maitland et al. 2020). A Perceived (Self-

Reported) was applied in one study (Boldemann et al., 2006), and one utilized GIS to analyze 

external school area (playground) (Berg, 2015). One paper combined the Observational and 

Audit protocol with a Perceived (Self-Reported) scale to evaluate the childcare space 

(Boldemann et al., 2006). 

 

 

Discussion 

 

This study systematically reviewed evidence from 27 articles regarding protocols to 

measure physical environment targeting to assess early childhood PA patterns. Our data 

showed that the matter of measurement of the built environment has been assessed differently 

in the neighborhood environment comparing to the childcare environment. Therefore, to 

discuss the present data, it is coherent to address these environments separately. From a field 

perspective, however, it is important to mention that programs should consider both 

environments to understand children's PA levels.  

Regarding the neighborhood domain, GIS is an important technique to be debated. It is 

considered an objective measurement of the built environment that can integrate spatial 

information from different sources to analyze and present data related to a geographic 

location (Porter et al., 2004; Thornton et al., 2011). GIS has been extensively used in 

combination with Global Positioning Systems (GPS) and accelerometry to understand 

physical activity outcomes related to the environment (Christian et al., 2016; Yi et al., 2019). 

Variables obtained using GIS are based on main concepts of structures density, distance from 

a predetermined reference (i.e., home, childcare setting), and land use as well as indexes such 

as walkability and moveability (Brownson et al., 2009; Carson et al., 2014; Hunter et al., 



Fabiano Camara et al 

172 

2019). For example, Carson et al. (2014) used a combination of different maps software and 

applications (e.g., ArcGIS, Google Earth) to analyze Canadian geospatial data resources (e.g., 

CanMaps®, Streetfiles, Enhanced Points of Interest database [DMTI]). From this GIS 

approach, the outdoor space was determined by calculating the density by dividing the park 

area by the total land area. Similarly, recreation facilities (e.g., physical fitness facilities, 

public golf courses) were assessed by dividing the number of facilities by the total landing 

area (Carson et al., 2014).  

Given the variety of variables that can be assessed using GIS, this approach can be 

conducted based on a previous framework like the one proposed by Pikora et al. (2003) and 

used by two studies identified in this review (Carson et al., 2014; Hunter et al., 2019). On the 

other hand, spatial variables could be customized to the study objectives or based on previous 

similar studies (Bringolf-Isler et al., 2015; Timperio et al., 2017). In general, although 

customization seems to be feasible, our data corroborates a recent review (Aguayo et al., 

2019) showing that general geographic factors, such as proximity to recreational areas and 

neighborhood walkability, remain the most frequent GIS variables assessed in PA studies 

regardless the targeted study population.  

Accordingly, it is reasonable to assume a lack of data regarding GIS variables and 

frameworks based on specificities of early childhood environment and PA patterns. Tonge et 

al. (2016), through an extensive systematic literature review, found at least 12 physical 

environment variables associated with preschoolers' PA levels. Portable equipment, fixed 

equipment, and the height of equipment are essential aspects to assess in early childhood 

context, particularly in playgrounds and similar structures that might be available to the 

children (Driediger et al., 2019; Gubbels et al., 2012; Tonge et al., 2016; Weimann et al., 

2015). For instance, data obtained by Hunter et al. (2019) showed no associations between 

neighborhood walkability and toddlers PA, which suggests that preschoolers do not play in 

the street because they may need specific places and equipment. In short, the current 

application of GIS in early childhood seems to neglect particularities that could determine 

the association between preschoolers’ PA and the built environment.  

This lack of specificity may occur due to GIS data sources and lack of content validity 

evidence. Firstly, GIS is mainly dependent on previous data sources usually available from 

government agencies that do not always provide detailed and updated information and are 
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not primarily collected for research (Brownson et al., 2009). The GIS data sources, therefore, 

might compromise research and intervention specificity. Porter et al. (2004) highlighted that 

the expression “garbage in, garbage out” applies to GIS; since the quality of data source is 

compromised, GIS results could become useless. Secondly, and most importantly, the present 

literature review showed that validation of GIS measurement techniques is scarce, 

confirming previous research evidence (Brownson et al., 2009), particularly to the matter of 

GIS content validity criteria (Brownson et al., 2009; Lee et al. 2015). Best practices of 

instrument validation indicate that it is imperative to test a measurement tool to determine to 

what extent it can measure the expected contents related to a predetermined construct or idea 

(Brownson et al., 2009; Lee et al., 2015).  

In this sense, considering the early childhood physical environment construct, it is clear 

that the GIS approach must include aspects of the micro-scale built environment that can 

offer children opportunities to play (Lee et al., 2020). However, the only study that mentioned 

GIS validation scores was obtained mainly through test-retest reliability (Xu et al., 2017) 

with no content validity evidence. Therefore, to our knowledge, no GIS validation study 

addressed content validity properties in the context of early childhood and PA patterns. For 

instance, Lee et al. (2015) validated the GIS approach in four aspects, including content 

validity and factor analysis, in the context of cardiovascular health, which means that this 

process should be tested in an early childhood built environment. Based on the present 

evidence, we understand that content validity must be conducted in GIS research in the early 

childhood context.  

Perceptions of the environment is an approach also used in research addressing the built 

environment and PA. First, self-perceived instruments seem to be an alternative to GIS. 

However, a recent review showed that objective (GIS) and subjective (self-perceived) might 

assess distinct associations between the same environmental aspect and PA behavior. It has 

been recommended that they may not be used interchangeably (Orstad et al., 2017). 

Accordingly, we assume it should be used as an alternative to GIS with caution. 

Further, validation evidence, such as content validity and cross-cultural validation, also 

seem to be limitations needing to be addressed. Regarding content validity, the present review 

demonstrated that parents' perception of the neighborhood structure is the most frequent 

approach. Perception instruments assess the built environment using generic domains, such 
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as satisfaction with play facilities (Aarts et al., 2010), availability of active play equipment 

(O’Connor et al., 2014), or general perception of the neighborhood (Aarts et al., 2010; Lu et 

al., 2019, 2020; Xu et al., 2017). Our data showed, therefore, that this generic self-perceived 

approach still does not cover specificities of early childhood environment, weakening its 

application and demonstrating a lack of content validity as detected in GIS. Although studies 

briefly described the development of language versions (i.e., English, Chinese), validation 

results of cross-cultural validation were not provided. Beyond translation procedures and 

internal consistency, it is worth mentioning that the cross-cultural validation also demands 

full psychometric testing, which includes construct‐related validity, criterion‐related validity, 

factor structure, and model fit of the instrument (Arafat et al., 2016; Sousa & Rojjanasrirat, 

2011). 

Audit tools can capture a broader range of variables than data sources like GIS (Poortinga 

et al., 2017). From the perspective of a measurement tool, it is reasonable to argue that the 

audits could be the objective alternative for GIS. It provides a list of environmental attributes 

to assess by quantification. Mirroring previous studies (Brownson et al., 2009; Poortinga et 

al., 2017), our data showed that audits are also poorly validated, particularly regarding 

content validity. First of all, there was no specificity on early childhood necessities in the 

audits used by Kimbro et al. (2011) and O'Connor et al. (2014). Although O'Connor et al. 

(2014) analyzed the availability of playing equipment using a customized tool similar to those 

used in childcare settings, no detailed information is available about the customization and 

validation process. Besides, pre-validated environmental audits are mainly focused on public 

resources rather than private spaces, an aspect that may compromise data targeted to 

understand preschoolers’ PA behaviours (Poortinga et al., 2017). 

In the case of the childcare environment, the present review detected a clear trend to 

customization. Studies have been modifying and revalidating previously validated audits to 

adapt them to a specific culture or geographic location, such as the adapted EPAO developed 

to assess childcare centers in Australia (Christian et al., 2016; Ng et al., 2020) and the 

PLAYCE audit, built for the Canadian context (Maitland et al., 2020). Besides, an alternative 

was found to assess the physical environment based on a particular age group, the 

Infant/Toddler Environment Rating Scale-revised edition (ITERS-R) used by Zhang et al. 

(2018).  
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It is crucial to mention that most of the audit customization found has been based on the 

EPAO audit. The EPAO protocol was initially validated in 2008 to evaluate the quality of 

nutrition and physical activity behavior in USA childcare centers (Ng et al., 2020; Ward et 

al., 2008). It includes a specific session to assess the physical environment (see Section H: 

Equipment, Environment, and Space). The present review showed that, in the last 12 years, 

attempts to customize the EPAO have been made in the context of the evaluation of the 

physical environment (Christian et al., 2016; Gubbels et al., 2012; Ng et al., 2020). The 

adapted EPAO has shown to have good to excellent intra- and inter-rater reliability scores 

(Ng et al., 2020), maintaining, therefore, the quality of these particular psychometric aspects 

of the original validation study (Ward et al. 2008). We hypothesized that this validation 

consistency could be due to the maintenance of the instrument items structure and the careful 

generation of the added items based on current research evidence described by Ng et al. 

(2020).  

Most importantly, an important trend identified by the present review is the investment in 

creating adapted versions of EPAO and new audits. This demonstrates the necessity and 

researchers' concerns about audit content validity properties. For instance, the adaptations in 

EPAO made for the Australian context (Christian et al., 2016; Ng et al., 2020) reveal 

researchers' attention to content validity, which means authors interest in auditing early 

childhood specificities that could be potentially influencers on the children’s PA levels in a 

particular context. Particularly concerned with content validity, Maitland et al. (2020) 

recently developed the PLAYCE audit. Its development is based on expert analysis, pre-

existing items with an excellent level of reliability. The PLAYCE obtained elevated levels of 

psychometric properties. Therefore, the PLAYCE validation process matches several aspects 

considered to be best practices in instrument validation, according to Boateng et al. (2018). 

Further, the PLAYCE audit can cover both inside and outside childcare centers, an aspect 

that is not present in other options and, from our perspective, strengthen its content validity 

(Maitland et al., 2020). 

The second point is the attempt to create feasible protocols to expand the assessment of 

childcare environments. Considering the fact that EPAO may be costly and time-consuming 

to train and certify people to administrate it (Ward et al., 2015), the self-assess version 

(EPAO-SR) was validated to offer a simple alternative to be used by childcare staff. The 
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EPAO-SR has been understood as a validated alternative allowing staff to evaluate the 

childcare environment without requiring trained people. Among the validation procedures, 

the cross-testing using the original version showed that the EPAO-SR achieved high-

reliability scores (ICC: 0.69-0.99) for the module "Physical activity equipment and natural 

environment." However, low validity levels were observed in portable, natural, and sedentary 

equipment, obtained by the comparison between the childcare personnel perception 

employing EPAO-SR and the results from the EPAO obtained by the researchers. Therefore, 

it is important to mention that future modifications should be tested to strengthen the 

assessment of these fundamental aspects related to PA in the early childhood environment. 

Finally, the development and adoption of a more feasible and fast protocol demonstrates an 

emerging approach aiming to offer a viable way to expand the childcare systematic 

assessment routine, contributing to more comprehensive Health Education interventions.  

 

 

Conclusion 

 

This study analyzed the techniques and protocols used to assess the relationship between 

the environment and PA in early childhood. It has been found that the topic of the physical 

environment in early childhood is clearly composed of the neighborhood and childcare 

environments with distinct protocols, albeit comparable approaches. In the neighborhood 

domain, GIS and audit protocols form the group of objective protocols to measure the built 

environment. At the same time, self-perceived instruments could be considered the subjective 

approach, based on the idea that parents' perceptions are a strong influence on children's PA 

patterns. However, evidence has shown that perceptions of the environment should not be 

used as an alternative to GIS or audits. Further, although GIS is the most used tool, our 

analysis showed its lack of specificity in early childhood, a fact that can compromise study 

outcomes. On the other hand, audits have been employed based on similar protocols used in 

childcare, showing an attempt to customize early childhood environments. However, audit 

validation studies are scarce and are required to help add to a more thorough understanding. 

In the childhood domain, attempts to customization are more frequent, based mostly on the 

EPAO. The customization has been developed in different but related forms: (1) adding new 
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items to an existent audit, (2) using a part of another instrument (e.g., EPAO), or (3) creating 

a new one based on validated ones. Moreover, it has been observed that only the PLAYCE 

protocol has been developed under contemporary validation procedures, a fact that 

strengthens its application in childcare settings. Another significant trend is the development 

of self-assess protocols (e.g., EPAO-SR), which could scale up the environment analysis, 

contributing to underpinning Health Promotion interventions.  

However, for both domains, validation limitations were found, particularly to content 

validity and internal consistency. The micro-scale built environment analysis is a trend in the 

field (Lee et al. 2020) and should be considered in the content validation for all instruments. 

Further, environment measurement protocols should be built based on early childhood 

frameworks for PA behavior since the other age groups' utilization contradicts aspects of 

specificity and content validity.  

From a statistical standpoint, when internal consistency was assessed, all validation studies 

applied Cronbach's alpha. Evidence has shown, however, that Cronbach's alpha is inaccurate, 

particularly for small samples and non-normally distributed data, suggesting that at least two 

indexes other than Cronbach should be used to test internal consistency (e.g., Greatest-Lower 

Bound, McDonald's Omega) (Boateng et al., 2018). Therefore, future research should apply 

more contemporary and accurate internal consistency tests. 

Overall, the confirmation of validation scores, nevertheless, is also recommended to be 

carried out consistently, considering large variations encountered in distinct populations or 

infrastructures. To that end, pilot studies should be conducted to test and adjust measurement 

tools at any level. Future research should utilize more rigorous validation techniques to 

accurately measure the built environment in the context of early childhood PA. Finally, 

considering many studies pointed out the need for continued validation, it is imperative that 

early childhood investigators consider the development of comprehensive protocol 

adaptation based on current research in the field. 

 

 

References 

 

Aarts, M. J., Wendel-Vos, W., Van Oers, H. A. M., Van De Goor, I. A. M., & Schuit, A. J. 



Fabiano Camara et al 

178 

(2010). Environmental determinants of outdoor play in children: A large-scale cross-

sectional study. American Journal of Preventive Medicine, 39(3), 212-219. 

https://doi.org/10.1016/j.amepre.2010.05.008 

Aguayo, L., Khan, M., De Leon, R., & Schwingel, A. (2019). Use of geographic information 

systems in physical activity interventions. Progress in Preventive Medicine, 4(2), 

Article e0022. https://doi.org/10.1097/pp9.0000000000000022 

An, R., Shen, J., Yang, Q., & Yang, Y. (2019). Impact of built environment on physical 

activity and obesity among children and adolescents in China: A narrative systematic 

review. Journal of Sport and Health Science, 8(2), 153-169.  

https://doi.org/10.1016/j.jshs.2018.11.003 

Arafat, S. Y., Chowdhury, H. R., Qusar, M. M. A. S., & Hafez, M. A. (2016). Cross cultural 

adaptation & psychometric validation of research instruments: A methodological review. 

Journal of Behavioral Health, 5(3), 129-136. 

Batista, M. B., Romanzini, C. L. P., Barbosa, C. C. L., Blasquez Shigaki, G., Romanzini, M., 

& Ronque, E. R. V. (2019). Participation in sports in childhood and adolescence and 

physical activity in adulthood: A systematic review. Journal of Sports Sciences, 37(19), 

2253–2262. https://doi.org/10.1080/02640414.2019.1627696 

Bentham, J., Di Cesare, M., Bilano, V., Bixby, H., Zhou, B., Stevens, G. A., Riley, L. M., 

Taddei, C., Hajifathalian, K., Lu, Y., Savin, S., Cowan, M. J., Paciorek, C. J., Chirita-

Emandi, A., Hayes, A. J., Katz, J., Kelishadi, R., Kengne, A. P., Khang, Y. H., … 

Cisneros, J. Z. (2017). Worldwide trends in body-mass index, underweight, overweight, 

and obesity from 1975 to 2016: A pooled analysis of 2416 population-based 

measurement studies in 128ꞏ9 million children, adolescents, and adults. The Lancet, 

390(10113), 2627–2642. https://doi.org/10.1016/S0140-6736(17)32129-3 

Berg, S. (2015). Children’s Activity Levels in Different Playground Environments: An 

Observational Study in Four Canadian Preschools. Early Childhood Education Journal, 

43, 281–287. https://doi.org/10.1007/s10643-014-0654-5 

Boateng, G. O., Neilands, T. B., Frongillo, E. A., Melgar-Quiñonez, H. R., & Young, S. L. 

(2018). Best Practices for developing and validating scales for health, social, and 

behavioral research: A primer. Frontiers in Public Health, 6, Article 149. 

https://doi.org/10.3389/fpubh.2018.00149 



Measuring the Environment for Physical Activity in Early Childhood: A Narrative and Systematic Literature Review�

179 

Boldemann, C., Blennow, M., Dal, H., Mårtensson, F., Raustorp, A., Yuen, K., & Wester, U. 

(2006). Impact of preschool environment upon children’s physical activity and sun 

exposure. Preventive Medicine, 42(4), 301-308.  

https://doi.org/10.1016/j.ypmed.2005.12.006 

Bower, J. K., Hales, D. P., Tate, D. F., Rubin, D. A., Benjamin, S. E., & Ward, D. S. (2008). 

The Childcare environment and children’s physical activity. American Journal of 

Preventive Medicine, 34(1), 23–29. https://doi.org/10.1016/j.amepre.2007.09.022 

Bringolf-Isler, B., Mäder, U., Dössegger, A., Hofmann, H., Puder, J. J., Braun-Fahrländer, 

C., & Kriemler, S. (2015). Regional differences of physical activity and sedentary 

behaviour in Swiss children are not explained by socio-demographics or the built 

environment. International Journal of Public Health, 60(3), 291-300.  

https://doi.org/10.1007/s00038-014-0645-8 

Brownson, R., Hoehner, C., Day, K., Forsyth, A., & Sallis, J. (2009). Measuring the built 

environment for physical activity: State of the science. American Journal of Preventive 

Medicine, 36(4 Suppl.), S99-SS123. https://doi.org/10.1016/j.amepre.2009.01.005 

Carson, V., Lee, E. Y., Hewitt, L., Jennings, C., Hunter, S., Kuzik, N., Stearns, J. A., Unrau, 

S. P., Poitras, V. J., Gray, C., Adamo, K. B., Janssen, I., Okely, A. D., Spence, J. C., 

Timmons, B. W., Sampson, M., & Tremblay, M. S. (2017). Systematic review of the 

relationships between physical activity and health indicators in the early years (0-4 

years). BMC Public Health, 17(Suppl. 5), Article 854.  https://doi.org/10.1186/s12889-

017-4860-0 

Carson, V., Rosu, A., & Janssen, I. (2014). A cross-sectional study of the environment, 

physical activity, and screen time among young children and their parents. BMC Public 

Health, 14(1), Article 61. https://doi.org/10.1186/1471-2458-14-61 

Cattuzzo, M. T., dos Santos Henrique, R., Ré, A. H. N., de Oliveira, I. S., Melo, B. M., de 

Sousa Moura, M., de Araújo, R. C., & Stodden, D. (2016). Motor competence and health 

related physical fitness in youth: A systematic review. Journal of Science and Medicine 

in Sport, 19(2), 123–129. https://doi.org/10.1016/j.jsams.2014.12.004 

Christian, H., Ball, S. J., Zubrick, S. R., Brinkman, S., Turrell, G., Boruff, B., & Foster, S. 

(2017). Relationship between the neighbourhood built environment and early child 

development. Health and Place, 48, 90-101.  



Fabiano Camara et al 

180 

https://doi.org/10.1016/j.healthplace.2017.08.010 

Christian, H., Maitland, C., Enkel, S., Trapp, G., Trost, S. G., Schipperijn, J., Boruff, B., 

Lester, L., Rosenberg, M., & Zubrick, S. R. (2016). Influence of the day care, home and 

neighbourhood environment on young children’s physical activity and health: Protocol 

for the PLAYCE observational study. BMJ Open, 6(12), Article e014058. 

http://dx.doi.org/10.1136/bmjopen-2016-014058  

Devarajan, R., Prabhakaran, D., & Goenka, S. (2020). Built environment for physical 

activity—An urban barometer, surveillance, and monitoring. Obesity Reviews, 21(1), 1-

15. https://doi.org/10.1111/obr.12938 

Driediger, M., Truelove, S., Johnson, A. M., Vanderloo, L. M., Timmons, B. W., Burke, S. 

M., Irwin, J. D., & Tucker, P. (2019). The impact of shorter, more frequent outdoor play 

periods on preschoolers’ physical activity during childcare: A cluster randomized 

controlled trial. International Journal of Environmental Research and Public Health, 

16(21), 1-14. https://doi.org/10.3390/ijerph16214126 

Foeckler, P., Henning, V., Reichelt, J.(2020). Mendeley [Computer Software].  

https://www.mendeley.com/ 

Gill, T. (2021). Urban playground: How child-friendly planning and design can save cities. 

Riba Publishing. 

Gray, C., Gibbons, R., Larouche, R., Sandseter, E. B. H., Bienenstock, A., Brussoni, M., 

Chabot, G., Herrington, S., Janssen, I., Pickett, W., Power, M., Stanger, N., Sampson, 

M., & Tremblay, M. S. (2015). What is the relationship between outdoor time and 

physical activity, sedentary behaviour, and physical fitness in children? A systematic 

review. International Journal of Environmental Research and Public Health, 12(6), 

6455–6474. https://doi.org/10.3390/ijerph120606455 

Gubbels, J. S., Van Kann, D. H. H., & Jansen, M. W. J. (2012). Play equipment, physical 

activity opportunities, and children’s activity levels at childcare. Journal of 

Environmental and Public Health, 2012,1-9.  https://doi.org/10.1155/2012/326520 

Harms, T., Cryer, D., Clifford, R. M., & Yazejian, N. (2017). Infant/toddler environment 

rating scale. Teachers College Press. 

Henderson, K. E., Grode, G. M., Middleton, A. E., Kenney, E. L., Falbe, J., & Schwartz, M. 

B. (2011). Validity of a measure to assess the child-care nutrition and physical activity 



Measuring the Environment for Physical Activity in Early Childhood: A Narrative and Systematic Literature Review�

181 

environment. Journal of the American Dietetic Association, 111(9), 1306–1313. 

https://doi.org/10.1016/j.jada.2011.06.011 

Henderson, K. E., Grode, G. M., O’Connell, M. L., & Schwartz, M. B. (2015). Environmental 

factors associated with physical activity in childcare centers. International Journal of 

Behavioral Nutrition and Physical Activity, 12(1), Article number 43. 

https://doi.org/10.1186/s12966-015-0198-0 

Hinkley, T., Salmon, J., Crawford, D., Okely, A. D., & Hesketh, K. D. (2016). Preschool and 

childcare center characteristics associated with children’s physical activity during care 

hours: An observational study. International Journal of Behavioral Nutrition and 

Physical Activity, 13(1), Article number 117. https://doi.org/10.1186/s12966-016-0444-0 

Hunter, S., Rosu, A., Hesketh, K. D., Rhodes, R. E., Rinaldi, C. M., Rodgers, W., Spence, J. 

C., & Carson, V. (2019). Objectively measured environmental correlates of toddlers’ 

physical activity and sedentary behavior. Pediatric Exercise Science, 31(4), 480–487. 

https://doi.org/10.1123/pes.2018-0270 

Kimbro, R. T., Brooks-Gunn, J., & McLanahan, S. (2011). Young children in urban areas: 

Links among neighborhood characteristics, weight status, outdoor play, and television 

watching. Social Science and Medicine, 72(5), 668-676.  

https://doi.org/10.1016/j.socscimed.2010.12.015 

Kjønniksen, L., Torsheim, T., & Wold, B. (2008). Tracking of leisure-time physical activity 

during adolescence and young adulthood: A 10-year longitudinal study. International 

Journal of Behavioral Nutrition and Physical Activity, 5, Article 69. 

https://doi.org/10.1186/1479-5868-5-69 

Lee, J. E., Sung, J. H., & Malouhi, M. (2015). Statistical validation of aweb-based GIS 

application and its applicability to cardiovascular-related studies. International Journal 

of Environmental Research and Public Health, 13(1), 2.  

https://doi.org/10.3390/ijerph13010002 

Lee, S., Lee, C., Nam, J. W., Abbey-Lambertz, M., & Mendoza, J. A. (2020). School 

walkability index: Application of environmental audit tool and GIS. Journal of 

Transport and Health, 18, 100880.  

https://doi.org/10.1016/j.jth.2020.100880 

Lu, C., Huang, G., & Corpeleijn, E. (2019). Environmental correlates of sedentary time and 



Fabiano Camara et al 

182 

physical activity in preschool children living in a relatively rural setting in the 

Netherlands: A cross-sectional analysis of the GECKO Drenthe cohort. BMJ Open, 9(5), 

Article e027468. https://doi.org/10.1136/bmjopen-2018-027468 

Lu, C., Shen, T., Huang, G., & Corpeleijn, E. (2020). Environmental correlates of sedentary 

behaviors and physical activity in Chinese preschool children: A cross-sectional study. 

Journal of Sport and Health Science, 1-10. https://doi.org/10.1016/j.jshs.2020.02.010 

Määttä, S., Gubbels, J., Ray, C., Koivusilta, L., Nislin, M., Sajaniemi, N., Erkkola, M., & 

Roos, E. (2019). Children’s physical activity and the preschool physical environment: 

The moderating role of gender. Early Childhood Research Quarterly, 47, 39–48. 

https://doi.org/10.1016/j.ecresq.2018.10.008 

Maitland, C., Lester, L., Trost, S. G., Rosenberg, M., Schipperijn, J., Trapp, G., Bai, P., & 

Christian, H. (2020). The influence of the early childhood education and care 

environment on young children’s physical activity: Development and reliability of the 

playce study environmental audit and educator survey. International Journal of 

Environmental Research and Public Health, 17(7), 1-10.  

https://doi.org/10.3390/ijerph17072497 

Martinez-Tellez, B., Sanchez-Delgado, G., Cadenas-Sanchez, C., Mora-Gonzalez, J., Martín-

Matillas, M., Löf, M., Ortega, F. B., & Ruiz, J. R. (2016). Health-related physical fitness 

is associated with total and central body fat in preschool children aged 3 to 5 years. 

Pediatric Obesity, 11(6), 468–474. https://doi.org/10.1111/ijpo.12088 

McKenzie, T. L., Sallis, J. F., Nader, P. R., Patterson, T. L., Elder, J. P., Berry, C. C., Rupp, 

J. W., Atkins, C. J., Buono, M. J., & Nelson, J. A. (1991). Beaches: An observational 

system for assessing children’s eating and physical activity behaviors and associated 

events. Journal of Applied Behavior Analysis, 24(1), 141-151.  

https://doi.org/10.1901/jaba.1991.24-141 

Ng, M., Rosenberg, M., Thornton, A., Lester, L., Trost, S. G., Bai, P., & Christian, H. (2020). 

The effect of upgrades to childcare outdoor spaces on preschoolers’ physical activity: 

Findings from a natural experiment. International Journal of Environmental Research 

and Public Health, 17(2), 1–17. https://doi.org/10.3390/ijerph17020468 

O’Connor, T. M., Cerin, E., Lee, R. E., Parker, N., Chen, T. A., Hughes, S. O., Mendoza, J. 

A., & Baranowski, T. (2014). Environmental and cultural correlates of physical activity 



Measuring the Environment for Physical Activity in Early Childhood: A Narrative and Systematic Literature Review�

183 

parenting practices among Latino parents with preschool-aged children: Niños Activos. 

BMC Public Health, 14, Article 707. https://doi.org/10.1186/1471-2458-14-707 

Orstad, S. L., McDonough, M. H., Stapleton, S., Altincekic, C., & Troped, P. J. (2017). A 

systematic Review of Agreement Between Perceived and Objective Neighborhood 

Environment Measures and Associations With Physical Activity Outcomes. 

Environment and Behavior, 49(8), 904-932.  

https://doi.org/10.1177/0013916516670982 

Peden, M. E., Jones, R., Costa, S., Ellis, Y., & Okely, A. D. (2017). Relationship between 

children’s physical activity, sedentary behavior, and childcare environments: A cross 

sectional study. Preventive Medicine Reports, 6, 171-176.  

https://doi.org/10.1016/j.pmedr.2017.02.017 

Pikora, T., Giles-Corti, B., Bull, F., Jamrozik, K., & Donovan, R. (2003). Developing a 

framework for assessment of the environmental determinants of walking and cycling. 

Social Science & Medicine, 56(8), 1693-1703. 

Poortinga, W., Calve, T., Jones, N., Lannon, S., Rees, T., Rodgers, S. E., Lyons, R. A., & 

Johnson, R. (2017). Neighborhood quality and attachment: Validation of the revised 

residential environment assessment tool. Environment and Behavior, 49(3), 255–282. 

https://doi.org/10.1177/0013916516634403 

Porter, D. E., Kirtland, K. A., Neet, M. J., Williams, J. E., & Ainsworth, B. E. (2004). 

Considerations for using a geographic information system to assess environmental 

supports for physical activity. Preventing Chronic Disease, 1(4), 1–6. 

Rosenberg, D., Ding, D., Sallis, J. F., Kerr, J., Norman, G. J., Durant, N., Harris, S. K., & 

Saelens, B. E. (2009). Neighborhood Environment Walkability Scale for Youth 

(NEWS-Y): Reliability and relationship with physical activity. Preventive Medicine, 

49(2–3), 213–218. https://doi.org/10.1016/j.ypmed.2009.07.011 

Rovio, S. P., Yang, X., Kankaanpää, A., Aalto, V., Hirvensalo, M., Telama, R., Pahkala, K., 

Hutri-Kähönen, N., Viikari, J. S. A., Raitakari, O. T., & Tammelin, T. H. (2018). 

Longitudinal physical activity trajectories from childhood to adulthood and their 

determinants: The young Finns study. Scandinavian Journal of Medicine and Science 

in Sports, 28(3), 1073–1083. https://doi.org/10.1111/sms.12988 

Sallis, J. F. (2009). Measuring physical activity environments. A brief history. American 



Fabiano Camara et al 

184 

Journal of Preventive Medicine, 36(4 SUPPL.), S86-S92.  

https://doi.org/10.1016/j.amepre.2009.01.002 

Sallis, J. F., Nader, P. R., Broyles, S. L., Berry, C. C., Elder, J. P., McKenzie, T. L., & Nelson, 

J. A. (1993). Correlates of physical activity at home in Mexican-American and Anglo-

American preschool children. Health Psychology, 12(5), 390–398.  

https://doi.org/10.1037//0278-6133.12.5.390 

Sanders, T., Feng, X., Fahey, P. P., Lonsdale, C., & Astell-Burt, T. (2015). The influence of 

neighbourhood green space on children’s physical activity and screen time: Findings 

from the longitudinal study of Australian children. International Journal of Behavioral 

Nutrition and Physical Activity, 12, Article 126. https://doi.org/10.1186/s12966-015-

0288-z 

Sousa, V. D., & Rojjanasrirat, W. (2011). Translation , adaptation and validation of 

instruments or scales for use in cross-cultural health care research : A clear and user-

friendly guideline. Journal of Evaluation in Clinical Practice, 17(2), 268-274. 

https://doi.org/10.1111/j.1365-2753.2010.01434.x 

Steinberger, J., Daniels, S. R., Hagberg, N., Isasi, C. R., Kelly, A. S., Lloyd-Jones, D., Pate, 

R. R., Pratt, C., Shay, C. M., Towbin, J. A., Urbina, E., Van Horn, L. V., & Zachariah, 

J. P. (2016). Cardiovascular health promotion in children: Challenges and opportunities 

for 2020 and beyond: A scientific statement from the American Heart Association. 

Circulation, 134(12), e236–e255. https://doi.org/10.1161/CIR.0000000000000441 

Tandon, P. S., Tovar, A., Jayasuriya, A. T., Welker, E., Schober, D. J., Copeland, K., Dev, 

D. A., Murriel, A. L., Amso, D., & Ward, D. S. (2016). The relationship between 

physical activity and diet and young children’s cognitive development: A systematic 

review. Preventive Medicine Reports, 3, 379-390.   

https://doi.org/10.1016/j.pmedr.2016.04.003 

Telama, R., Yang, X., Leskinen, E., Kankaanpää, A., Hirvensalo, M., Tammelin, T., Viikari, 

J. S. A., & Raitakari, O. T. (2014). Tracking of physical activity from early childhood 

through youth into adulthood. Medicine and Science in Sports and Exercise, 46(5), 955-

962. https://doi.org/10.1249/MSS.0000000000000181 

Thornton, L. E., Pearce, J. R., & Kavanagh, A. M. (2011). Using Geographic Information 

Systems (GIS) to assess the role of the built environment in influencing obesity: A 



Measuring the Environment for Physical Activity in Early Childhood: A Narrative and Systematic Literature Review�

185 

glossary. International Journal of Behavioral Nutrition and Physical Activity, 8, Article 

71. https://doi.org/10.1186/1479-5868-8-71 

Timperio, A., Crawford, D., Ball, K., & Salmon, J. (2017). Typologies of neighbourhood 

environments and children’s physical activity, sedentary time and television viewing. 

Health and Place, 43, 121-127.  

https://doi.org/10.1016/j.healthplace.2016.10.004 

Tonge, K. L., Jones, R. A., & Okely, A. D. (2016). Correlates of children’s objectively 

measured physical activity and sedentary behavior in early childhood education and care 

services: A systematic review. Preventive Medicine, 89, 129-139. 

https://doi.org/10.1016/j.ypmed.2016.05.019 

Tucker, P., Driediger, M., Vanderloo, L. M., Burke, S. M., Irwin, J. D., Johnson, A. M., 

Shelley, J., & Timmons, B. W. (2019). Exploring the feasibility and effectiveness of a 

childcare physical activity (Play) policy: Rationale and protocol for a pilot, cluster-

randomized controlled trial. International Journal of Environmental Research and 

Public Health, 16(22), 1-15. https://doi.org/10.3390/ijerph16224400 

Vanderloo, L. M., Tucker, P., Johnson, A. M., van Zandvoort, M. M., Burke, S. M., & Irwin, 

J. D. (2014). The influence of centre-based childcare on preschoolers’ physical activity 

levels: A cross-sectional study. International Journal of Environmental Research and 

Public Health, 11(2), 1794–1802. https://doi.org/10.3390/ijerph110201794 

Ward, D., Hales, D., Haverly, K., Marks, J., Benjamin, S., Ball, S., & Trost, S. (2008). An 

instrument to assess the obesogenic environment of child care centers. American 

Journal of Health Behavior, 32(4), 380–386. 

Ward, D. S., Mazzucca, S., McWilliams, C., & Hales, D. (2015). Use of the Environment 

and Policy Evaluation and Observation as a Self-Report Instrument (EPAO-SR) to 

measure nutrition and physical activity environments in child care settings: Validity and 

reliability evidence. International Journal of Behavioral Nutrition and Physical Activity, 

12, Article 124. https://doi.org/10.1186/s12966-015-0287-0 

Weimann, H., Björk, J., Rylander, L., Bergman, P., & Eiben, G. (2015). Neighborhood 

environment and physical activity among young children: A cross-sectional study from 

Sweden. Scandinavian Journal of Public Health, 43(3), 283-293.  

https://doi.org/10.1177/1403494815570515 



Fabiano Camara et al 

186 

Xu, H., Wen, L. M., Hardy, L. L., & Rissel, C. (2017). Mothers’ perceived neighbourhood 

environment and outdoor play of 2- to 3.5-year-old children: Findings from the healthy 

beginnings trial. International Journal of Environmental Research and Public Health, 

14(9), 1-14. https://doi.org/10.3390/ijerph14091082 

Yi, L., Wilson, J. P., Mason, T. B., Habre, R., Wang, S., & Dunton, G. F. (2019). 

Methodologies for assessing contextual exposure to the built environment in physical 

activity studies: A systematic review. Health and Place, 60, 102226. 

https://doi.org/10.1016/j.healthplace.2019.102226 

Zhang, Z., Pereira, J. R., Sousa-Sá, E., Okely, A. D., Feng, X., & Santos, R. (2018). 

Environmental characteristics of early childhood education and care, daily movement 

behaviours and adiposity in toddlers: A multilevel mediation analysis from the GET UP! 

Study. Health and Place, 54, 236-243.  

https://doi.org/10.1016/j.healthplace.2018.10.008 

 


