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Abstract 

 The purpose of this study was to conduct a meta-analysis of the published scientific 

literature pertaining to the relationship between physical activity (PA) in the natural outdoor 

environment (NOE) and well-being (WB).  Of studies included in the primary analysis (N = 19), 

several studies (n = 5) were retained for secondary analysis to determine whether differences on 

WB exist between PA in the NOE with an indoor comparator group. The overall effect size for 

the primary analysis was moderate (d = .49). The largest effect of PA in the NOE was observed 

for positive affect (d = .56). Results from the secondary analysis indicated PA in the NOE was 

greater in the NOE (d = .53, 95% CI = .28, .78; p < 0.001) compared to indoors (d = .28, 95% CI 

= .04, .51, p = 0.02) however this finding was not statistically significant between environment 

types (p = 0.15).  There was significant heterogeneity in the primary analysis of PA in the NOE 

only (Q = 68.72, p < 0.001). Results of the moderator analyses of PA (p = 0.06), sample (p = 

0.34) and study (p = 0.13) characteristics did not reach conventional levels of statistical 

significance. Results of the subgroup analyses indicated that there were significant findings 

within but not between subgroups for NOE type (p = 0.37), PA type (p = 0.47) and PA intensity 

(p = 0.55). In conclusion, while PA in the NOE was associated with higher WB, there was 

limited evidence to support that PA in the NOE allots superior benefits to PA engaged in an 

indoor environment. Future investigations are encouraged to include study designs that measure 

markers of WB at multiple time points, consider the eudaimonic tradition of WB, include diverse 

NOE types such as blue space and include an indoor comparison. Practical implications of the 

findings of this research include the potential for stakeholders to incorporate findings into future 

nature-based solutions that address societal challenges like increasing WB.  
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Chapter 1: Literature Review 

To Be Well 

 Foundational to the positive psychology movement within the field of psychology is the 

inquiry of positive psychological qualities in lieu of emphasis on pathology (Seligman & 

Csikzenmihalyi, 2000). As such, researcher interest into well-being (WB) and how it can be 

promoted (or thwarted) has burgeoned within the last two decades (Linton, Dieppe & Medina-

Lara, 2016; Ryff & Keyes, 1995). Consistent with definitions of health, WB transcends the 

absence of ill-being (World Health Organization, 1946). WB is purported to be not only an end 

goal of public policy (Adler & Seligman, 2016; Stiglitz, Sen & Fitousi, 2010), but a fundamental 

human goal (Forgeard, Jayawickreme, Kern & Seligman, 2011; Huppert, 2014). Therefore, 

efforts to increase WB have generated international interest (Diener, Kahneman, & Helliwell, 

2010). Additionally, markers of WB (e.g., satisfaction with life, optimism) may relate to positive 

health outcomes such as but not limited to: 1) Stronger immune system responses (Howell, Kern 

& Lyubomirsky, 2007); 2) Reductions in cardiovascular mortality (Chida & Steptoe, 2008); and 

3) May be involved as a protective factor against cardiovascular disease (Boehm & Kubzansky, 

2012).  

Defining Well-Being 

 While scholars acknowledge WB as a multifaceted construct with varying degrees of 

social, functional, and affective components, disagreement in conceptualization remains 

(Forgeard et al., 2011; Huppert & So, 2013; Kansky & Diener, 2017; Linton et al., 2016). Linton 

et al. (2016) further signify the magnitude of definitional disagreement amongst scholars as a 

barrier to WB operationalization, our understanding of the factors linked to WB and the 

development of WB interventions. An exhaustive exploration into all conceptualizations of WB 



 

	

2 

is beyond the scope of this review. As such, an overview of three recognized approaches to 

understanding WB are highlighted. These approaches are as follows: 1) Diener’s (1984) 

Subjective WB (SWB); 2) Ryff’s (1989) Psychological Well-Being, and 3) Huppert and So’s 

(2013) Flourishing.  The abovementioned approaches are selected for their acknowledgement in 

the WB literature, as well as their representativeness for the richness and contrast they present 

(Forgeard et al., 2011; Huppert & So, 2013; Linton et al., 2016; Ryff & Singer, 2008).   

 Subjective Well-Being (SWB). Often used synonymously with the hedonic tradition, 

SWB (Diener, 1984) refers to happiness or more specifically, people’s cognitive reflections (i.e., 

satisfaction with life) and affective evaluations in terms of positive affect and negative affect 

(Diener, Lucas & Oishi, 2018). SWB is conceptualized as the presence of: 1) High life 

satisfaction (i.e., the overall level of how content one is with their life) 2) High positive affect 

(i.e., pleasure) and 3) Low negative affect (i.e., displeasure; Diener, 2000; Kansky & Diener, 

2017). SWB is a subjective evaluation contingent upon the individual. Therefore, the evaluation 

of one’s life, centers upon the individual’s subjectivity (Diener et al., 2018). SWB has emerged 

as a key approach to WB as it has appeared in over 170,000 publications (Diener et al., 2018; 

Linton et al., 2016).  

 Psychological Well-Being (PWB). Grounded in the work of Jahoda (1958) and 

Aristotle’s Nicomachean Ethics, Ryff (1989) advanced a definition of WB (i.e., the eudaimonic 

tradition) that is associated with positive functioning coined as psychological well-being (PWB). 

Ryff’s (1989) approach differs from SWB in its deliberate lack of emphasis on the role of 

emotion and affect. While PWB and SWB are both approaches to understanding WB, 

empirically their main facets of meaning and happiness are distinct constructs that complement 

one another (Forgeard et al., 2011; McGregor & Little, 1998).  Ryff (1989) operationalized 
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psychological well-being as: (1) Autonomy, (2) Environmental Mastery, (3) Personal Growth, 

(4) Positive Relations, (5) Purpose in Life and (6) Self-Acceptance. Autonomy refers to one’s 

internal locus of evaluation whereby the individual is free to function outside of the confines of 

other’s standards (Ryff & Singer, 2008). Environmental Mastery refers to competence or the 

ability of the individual to find or create a “surrounding context that suits one’s personal needs 

and capacities” (Ryff & Singer, 2008, p.23). Personal Growth refers to self-actualization or the 

pursuit of human potential (Ryff & Singer, 2008). Self-Acceptance refers to an evaluation of the 

self which incorporates both strengths and weaknesses. Positive Relations refer to positive and 

empathic interpersonal connections (Ryff & Singer, 2008). Purpose in Life refers to meaning and 

living authentically (Ryff & Singer, 2008). This seminal work has been cited over 20,000 times 

(Ryff, 2018).  

 Flourishing. In an effort to describe WB, Huppert and So (2013) proposed a continuum 

anchored by ill-being at one end and WB (or flourishing) at the other. Symptoms opposite to the 

criteria used in the Diagnostic and Statistical Manual of Mental Disorders (DSM; American 

Psychiatric Association, 2013), as well as the International Classification of Diseases (ICD-10; 

World Health Organization, 1992) of Major Depressive Episode (DSM-IV), Depressive Episode 

(ICD-10), and Generalized Anxiety Disorder were extracted. The result was a conceptualization 

of WB that covered ten characteristics spanning both hedonic and eudaimonic traditions while 

also adding unique elements (i.e., vitality).  Flourishing as an overarching concept is reflected in: 

competence, emotional stability, engagement, meaning, optimism, positive emotion, positive 

relationships, resilience, self-esteem, and vitality (Huppert & So, 2013). Accordingly, flourishing 

“is the combination of feeling good and functioning effectively” (p. 838).  
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 The aim of this section is not to reduce WB to the constituents of three approaches but 

rather to synthesize theoretical conceptualizations of WB. As reflected in the abovementioned 

markers and their respective theoretical underpinnings, WB is multi-faceted and encompasses 

both cognitive, emotional and reflective elements. Highlights of these similarities and unique 

contributions of each approach to WB are presented in Table 1 (See Appendix A). Therefore, all 

subsequent mention of markers of well-being are in reference to those identified within each 

major approach to WB, as identified in Table 1. Therefore, the variables of focus to the current 

inquiry are contained within Table 1. With an understanding of how WB can be conceptualized, 

a review of the relationship amongst WB and health occurs below.  

Well-Being and Health Behaviour 

 Support exists for the relationship between WB on diverse positive health outcomes 

including mortality, cardiovascular disease risk factors, and higher order functioning (Diener & 

Chan, 2011; Ryff, 2018; Steptoe, Deaton, & Stone, 2015; Veenhoven, 2008). Therefore, efforts 

to understand and increase WB hold both intrinsic and instrumental value (Adler & Seligman, 

2016). The utility of interventions targeting improvement on markers of WB have been 

demonstrated (e.g., Weiss, Westerhof & Bohlmeijer, 2016). Efforts exist to understand 

associations between WB and behaviour with one focus being the promotion of lifestyle 

behaviour such as physical activity (Prendergast, Schofield & Mackay, 2016). Physical activity 

(PA) refers to the bodily movement produced by skeletal muscles requiring energy expenditure 

(Bouchard, Blair & Haskell, 2007). Data from the European Social Survey (2012) revealed a 

relationship between attainment of PA recommendations (based on WHO criteria; WHO, 2010) 

and WB, such that more frequent PA is positively related with greater WB (Marques et al., 

2016). In their review, Wiese, Kuykendall and Tay, (2017) found a positive relationship between 
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leisure time physical activity (LTPA) on positive affect (r = 0.21) and satisfaction with life (r = 

0.12). In their narrative review of the literature, Hyde, Maher and Elavsky (2013) highlight the 

existence of a positive relationship between PA and WB across the lifespan. In their cross-

sectional study of undergraduate women, Mack and colleagues (2012) found that engaging in 

more health-enhancing physical activity (HEPA; Bouchard, Blair & Haskell, 2007) was 

associated with higher reports of most hedonic (e.g., positive affect) and eudaimonic (e.g., 

positive relations) markers of WB measured. In their longitudinal investigation of breast cancer 

survivors, Mack, Meldrum, Wilson and Sabiston (2013) reported that LTPA was associated with 

self-acceptance. Taken together, the pursuit of PA may be one avenue through which increasing 

levels of WB in the population is possible.  

Environment Specific PA 

 Currently, 2/10 Canadian adults meet PA guidelines of 150 minutes of moderate-to-

vigorous physical activity (MVPA) in bouts of ten minutes or greater (Health Status of 

Canadians, 2016). Therefore, there is some need to consider different intervention strategies that 

may support the attainment of recommended PA guidelines for health. As such, researchers have 

begun to approach the topic of PA behaviour from a multitude of perspectives, one of which 

being environmental determinants (Karmeniemi et al., 2018). Accordingly, Sallis, Linton and 

Kraft (2002) claim that PA research is currently in its fourth era: one occupied with a concern for 

social policy and environmental factors associated with PA. This focus has translated into 

investigations examining the relationship between the physical environment and PA (Hillsdon, 

Panter, Foster & Jones, 2006; Karmeniemi et al., 2018). Additional appeal to investigating 

alternative environments for PA include documented physical and psychological health (i.e., 

positive affect) benefits associated with even a short duration acute bout of PA in the natural 
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outdoor environment (Barton & Pretty, 2010). Exposure to the natural environment is also 

associated with numerous physiological (e.g., immune function; Li et al., 2007), psychological 

(e.g., positive emotions; Abraham, Sommerhalder & Abel, 2010) and social benefits (e.g., social 

engagement; Abraham et al., 2010). Definitional variations of the physical environments exist 

particularly in regards to the built vs. natural environments and are expanded below.  

 The built environment. According to the Center for Disease Control (CDC; 2017) the 

built environment refers to man-made structures that comprise the characteristics of a community 

such as roads, transits, parks, sidewalks, buildings, etc. Investigations into the built environment 

and PA have placed more emphasis on elements of the environment pertaining to things like 

transportation (e.g., roads, intersections) and man-made structures within communities such as 

fixtures and aesthetics (McCormack & Shiell, 2011). Despite intuitive appeal, the role of the 

built environment on PA has come under scrutiny (McCormack & Shiell, 2011).  Researchers 

have reported that overall support for a relationship between the built environment and PA 

behaviour exist (Karmeniemi, Lakila, Ikaheimo, Koivumaa-Honkanen & Korpelainen, 2018) yet 

inconsistencies are present regarding what components of the built environment moderate this 

relationship (i.e., safety, street lighting, aesthetics; Duncan, Spence & Mummery, 2005; 

Ferdinand, Bisakha, Rahurkar, Engler & Menachemi, 2012; McCormack & Shiell, 2011; Van 

Holle et al., 2012). Despite general support, PA instrumentation (i.e., self-report vs. pedometer; 

Ferdinand et al., 2012) and data corrected for neighborhood self-selection (Handy, Cao & 

Mokhtarian, 2006; McCormack & Shiell, 2011) report equivocal findings attesting to the 

veracity of the relationship between the built environment and PA.  

 The natural outdoor environment (NOE). The NOE has been implicated in the 

promotion of physical (Karmeniemi et al., 2018) and mental (de Vries, Verheij, Groenewegen & 
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Spreeuwenberg, 2003; Maas et al., 2009) health, eudaimonic WB (White, Pahl, Wheeler, 

Depledge & Fleming, 2017) and autonomy (Capaldi, Passmore, Nisbet, Zelenski & Dopko, 

2015). However, there is currently no consensus on what determines the natural environment 

with terms such as “outdoor environment” and “natural environment” and “greenspace” often 

used interchangeably (Bowler et al., 2010; McMahan & Estes, 2015; Thompson Coon et al., 

2011; White et al., 2017). In an effort to offer resolution, Smith and colleagues (2017) integrated 

planning guidelines from various cities across Europe, concluding that the natural environment is 

comprised of varying levels of green and blue space. Within the scientific literature, the term 

NOE spans environments within nature marked by little human presence or intervention (Hartig, 

Mitchell, de Vries & Frumkin, 2014) but also other environments (e.g., parks) which involve 

some human intervention. Understandings of the natural environment are considered to be 

culturally and historically bound, oftentimes neglecting traditional and Indigenous 

understandings of human’s relationship with the environment (Cronon, 1996). Thus, the use of 

the term NOE adopted in this research is but one approach to conceptualizing the natural 

environment. For an overview of how the NOE is classified in the present investigation, see 

Table 2.  

 Green exercise. In 2005, Pretty and colleagues coined the term “green exercise” as PA 

pursued in a natural environment that may result in physical and mental health benefits. The very 

foundation of the term “green exercise” stipulates that the physical environment where PA 

occurs is within nature (Pretty, Peacock, Sellens & Griffin, 2005). The term exercise, deemed to 

be more structured and deliberate than PA (Caspersen, Powell & Christensen, 1985), may also be 

included within the broader term of PA. However, the current study will refer to both green 

exercise and PA occurring in the NOE as PA in the NOE. 
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 PA (e.g., walking) in the NOE is associated with 1) Lower serum protein hormones (e.g., 

blood adiponectin levels) associated with metabolic disorders such as obesity, type II diabetes 

and cardiovascular disease (Li et al., 2011); 2) Improved blood pressure (Hanson & Jones, 2015; 

Li et al., 2011); and 3) Reductions in mortality (Hanson & Jones, 2015; Pretty et al., 2007). The 

mechanisms underlying an individual’s response to nature have not been definitively explained 

although stress reduction (Kaplan, 1989; Hartig et al., 2014), increased social interaction and 

exposure to substances in the air (e.g., cedrol; Dayawansa et al., 2003; Li et al., 2011; Park et al., 

2009) as well as other mechanisms (e.g., PA, air quality, social cohesion; Hartig et al., 2014) 

have been advanced. The benefits of PA in the NOE are experienced cross culturally (i.e., 

shinrin-yoku or forest bathing in Japan; Park et al., 2009) and in special populations (i.e., those 

over the age of 60 living with cardiovascular disease, Gatterer et al., 2015).   

 Regarding mental health, the collective evidence examining the association between PA 

in the NOE and WB has been investigated across numerous reviews (Barton & Pretty, 2010; 

Bowler, Buyung-Ali, Knight & Pullin, 2010; Lahart, Darcy, Gidlow & Calogiuri, 2019; Pretty et 

al., 2007; Thompson Coon et al., 2011). There is some relationship between PA in the NOE and 

markers of WB (Barton & Pretty, 2010; Bowler et al., 2010; Lahart et al., 2019; Thompson Coon 

et al., 2011). Barton and Pretty (2010) highlight the positive effects of PA in the NOE on self-

esteem as well as markers of mental health (e.g., mood) are experienced immediately from the 

commencement of PA in the NOE. In their review of ten case studies in the UK, Pretty et al. 

(2007) noted PA in the NOE generated positive benefits to self-esteem regardless of level of PA 

intensity, duration and type. Thompson Coon et al. (2011) report overall a single bout of PA in 

the NOE was associated with greater self-reported markers of WB (e.g., positive affect) and 

lower self-reported feelings of negative emotion (e.g., anger).  More so, participants reported 
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greater satisfaction and enjoyment with PA in the NOE and reported a greater propensity to 

pursue PA in the NOE again in the future (Thompson Coon et al., 2011). However, Bowler et al. 

(2010) suggest there is some positive benefit of PA in the NOE on markers of WB that is greater 

than PA in the built environment but not an indoor environment. More so, a recent update to the 

Thompson et al., (2011) review, highlights equivocal evidence for the NOE as superior 

environment to indoors for PA.  Therefore, there is some support for the claim that PA in the 

NOE can increase self-reported markers of WB, yet several elements of this relationship require 

clarification (e.g., indoor comparators; Bowler et al., 2010; Lahart et al., 2019).  

Research Objectives and Hypothesis 

 The primary aim of the current investigation was to conduct a meta-analysis of the 

published scientific literature guided by the following research questions: 1) Does PA occurring 

in the NOE increase WB? and 2) Does PA in the NOE differ from PA in an indoor environment 

on WB? The second research question was restricted to matched group designs. Finally, sample 

(e.g., age, sex) and study (e.g., environment type, sample size) characteristics as sources of 

variability of PA in the NOE on WB was examined.  In line with other reviews in this area of 

research (e.g., Barton & Pretty, 2010; Bowler et al., 2010; Thompson Coon et al., 2011), it was 

hypothesized that PA in the NOE will positively impact WB particularly with respect to positive 

affect, self-esteem and vitality. Consistent with Lahart et al. (2019), PA resulting in WB in the 

NOE was hypothesized to not differ from that in the indoor environment. 

Significance of the Proposed Research 

 Meta-analyses are valuable means of synthesizing existing literature as they reduce 

selection bias by systematically searching for studies meeting inclusion criteria which differs 

from other means of synthesizing literature such as a narrative review (Greco, Zangrillo, Biondi-
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Zoccai & Landoni, 2013; Paul & Leibovici, 2013). Results of meta-analyses may address gaps in 

the literature and therefore provide suggestions for future study design that would contribute to 

filling these gaps and avoid oversaturating the literature (Greco et al., 2013). As one of the most 

recent meta-analysis of the PA in the NOE – WB relationship was conducted in 2010 (Bowler et 

al. 2010) this research will serve to update the existing knowledge base. Lahart et al.’s (2019) 

update included a meta-analysis only of longitudinal studies and limited to certain measures 

(e.g., affect), some of which (e.g., depression, tranquility) fall outside of the scope of the major 

approaches to WB. Thus, despite this recent publication, the current study remains an update and 

clarification for prior meta-analytic inquiry into this topic. 

 One key element to the successful synthesis of the literature of a given topic is the proper 

identification of studies via a search of the relevant literature (Vom Brocke, Simons, Niehaves & 

Reimer, 2009). The proposed research builds upon prior reviews (Barton & Pretty, 2010; Bowler 

et al, 2010; Thompson Coon et al, 2011) by 1) Adopting a more rigorous search strategy, 

inclusion criteria and outcome measures of WB to identify relevant studies for inclusion 2) By 

employing quantitative analyses of studies meeting inclusion criteria and 3) Other considerations 

such as an inclusion of indoor environmental comparison. The proposed extensions to the 

existing literature addressed in the current proposal are expanded upon below.  

 Search strategies should be sensitive and comprehensive to maximize the number of 

relevant studies identified (Greco et al., 2013). Search strategies utilized in prior reviews: 1) 

Lacked WB keywords entirely (i.e., Lahart et al., 2019; Thompson Coon et al., 2011); 2) Include 

keywords that are outside of the scope of WB (e.g., attention and concentration, Bowler et al., 

2010), 3) utilize previous search strategies (Lahart et al., 2019), or 4) fail to identify any search 

strategy (i.e., Barton & Pretty, 2010). Regarding inclusion criteria, Bowler et al. (2010) included 
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studies that had no measure of PA in the NOE (e.g., Hartig, Nyberg, Nilsson & Garling, 1999; 

Kuo & Faber Taylor, 2004). Finally, Bowler et al. (2010) as well as Lahart et al. (2019) included 

studies with no sample characteristic restrictions (e.g., children with disabilities, clinical 

populations) which results in increased, heterogeneity between studies rendering generalization 

more problematic (Greco et al., 2013). Therefore, quantitative analysis regarding the effect of PA 

in the NOE on markers of WB in an adult population are still absent from the literature. As such, 

a review of the PA in the NOE literature would benefit from a rigorous search strategy and 

focused inclusion criteria. 

 With regards to outcome measures, prior reviews on this topic have primarily 

conceptualized WB exclusively as positive affect, emotion or mood consistent with the hedonic 

tradition (i.e., Focht, 2009; Harte & Eifert, 1995; McMurray, Berry, Vann, Hardy & Sheps, 

1988; Teas, Hurley, Ghumare & Ogoussan, 2007). By adopting this theoretically limited view of 

WB results overarching conclusion attesting to the relationship between PA in the NOE and WB 

may be obscured. While no agreed upon definition of WB exists, a dashboard approach to WB 

has been encouraged; where no single construct can serve as a proxy for WB so that the 

complexity and richness of WB can be measured and understood by researchers and policy 

makers alike (Forgeard et al., 2011; Huppert & So, 2013). Therefore, the PA in the NOE 

literature should not differ from other investigations in WB in the sense that WB should 

hypothetically be conceptualized as multifaceted. Studies regarding the effects of PA in the NOE 

on markers of WB in line with the eudaimonic tradition have recently been conducted (e.g., 

Mousavi, 2015). With a more rigorous search strategy the proposed review may identify 

additional studies with outcome measures reflecting the full range of markers of WB.  
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  Bowler et al. (2010) and Barton and Pretty (2010) failed to include studies that compared 

outdoor exercise to a non-NOE control group for all WB markers. Bowler et al. (2010) as well as 

Lahart et al. (2019) included an indoor comparison on limited WB markers (e.g., tranquility, 

depression) which are not included as markers of WB in the three major approaches to WB (see 

Table 1). This presents a methodological issue as studies without a non-NOE control group can 

offer limited inferences in regards to the causality between the physical environment PA is 

performed in and its subsequent effect on WB. The current study addresses this limitation by 

including studies with a non-NOE PA comparator in a secondary analysis as well as 

investigating all WB markers identified in Table 1. Studies retained in Bowler et al. (2010) were 

included regardless of activity type pursued (e.g. being in a garden, passive leisure activities, 

wilderness backpacking, running in a public park) in the NOE. This means that studies 

synthesized included a variety of activity types posing issues regarding homogeneity of studies 

and renders any conclusions specific to the benefits of PA in the NOE unsubstantiated. Finally, 

this study also offers unique contributions to reviews on this topic by including scores related to 

intervention replication and reporting standards such as the Consensus on Exercise Reporting 

Template (CERT; Slade, Dionne, Underwood & Buchbinder, 2016).  
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Chapter 2: Methods 

 The Cochrane Handbook for Systematic Reviews of Interventions (Cochrane Handbook 

5.1.0; Higgins & Green, 2011) was consulted for guidance in the conduction of a meta-analysis. 

To facilitate the transparent documentation of steps included in this meta-analysis, a review 

protocol following guidelines of the Preferred Reporting Items for Systematic Review and Meta-

Analysis Protocols (PRISMA-P; Moher et al., 2015; Shamseer et al., 2015) was adhered to (see 

Tables 3 & 4). Study protocol was registered in the online database of the International 

Prospective Register of Systematic Reviews (PROSPERO, file number CRD42019119854).  

Search Strategy 

 A librarian assisted keyword search strategy was utilized to identify relevant articles in 

the following online databases: PubMed, Proquest Nursing and Allied Health, PsycINFO, 

SPORTDiscus and EMBASE via Ovid Healthstar. Keyword search terms included "(((green 

gym[Title/Abstract] OR green exercise[Title/Abstract] OR outdoor physical 

activity[Title/Abstract] OR outdoor exercise[Title/Abstract] OR outdoor walking OR green 

physical activity[Title/Abstract])) AND (wellbeing OR WB OR mental health OR affect OR 

emotion OR self-esteem OR vitality OR purpose OR self-acceptance OR engagement OR 

personal growth OR satisfaction OR competence OR optimism OR resilience OR autonomy OR 

relationship OR eudaimonia OR flourishing)) NOT review AND (Humans[Mesh] AND 

English[lang] AND adult[MeSH])” as terms at both abstract/title and subject heading level. 

Where a database (e.g., SPORTDiscus) had a restriction on search options (e.g., no age 

restriction) an adjusted search strategy was employed. 
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Study Selection 

 DistillerSR (Evidence Partners, 2008) was used to facilitate the study selection process. 

All articles rendered from the keyword search were screened at the title/abstract level for 

inclusion by three independent coders who receiving training on inclusion criteria. Studies 

meeting eligibility criteria at the title and abstract level, were retained and the full manuscript 

reviewed to determine eligibility consistent with PICOS (see Table 3) were retained and further 

coded by two independent reviewers. Studies that did not meet inclusion criteria were excluded. 

Data Extraction  

 A standardized electronic data extraction form adapted from the Cochrane Handbook 

5.1.0 (Higgins & Green, 2011) and CERT (Slade et al., 2016) were used to extract study data 

(see Appendix B). While Cochrane Collaboration guidelines contain general elements pertaining 

to studies included for review, CERT contains items specific to interventions that are essential to 

replicate exercise programmes (Slade et al., 2016). One point was awarded for each CERT item 

that was reported by the primary investigator. Scores were totalled and each study received a 

percentage of complete reporting based upon the total score. CERT items deemed irrelevant 

(e.g., home based exercise) were coded as “not relevant” and were not included in the total score.   

Two independent reviewers assessed study quality of included studies using the Effective 

Public Health Practice Project (EHPP) Quality Assessment Tool for Quantitative Studies 

(Jackson & Waters, 2005; Thomas, Ciliska, Dobbins & Micucci, 2004). An overall study quality 

score was generated for each article included in the analysis. Discrepancies were resolved by 

discussion amongst the primary and secondary coder. There were no discrepancies that were 

deemed unable to be resolved amongst the two primary coders.  

 



 

	

15 

Analytic Plan 

 Descriptive statistics for sample and study characteristics were calculated. All analyses 

were performed on Comprehensive Meta-Analysis (CMA) Version 3.0 (Borenstein, Hedges, 

Higgins & Rothstein, 2013) and assumed a random effects model. Thus it was assumed that the 

true effect will vary from study to study and that effect sizes that vary from each other are due to 

random error within studies and variation in effect size between studies. A combined effect was 

calculated, which reflects the combined estimate of effect sizes (Borenstein, Hedges, Higgins & 

Rothstein, 2009). Standardized mean differences (Cohen’s d, Cohen, 1988) were used to 

calculated effect sizes of included studies (Borenstein et al., 2009). For studies that measured 

more than one marker of WB (n = 9), a combined effect size was calculated in lieu of treating 

each measure as a separate study. Treating each as a separate study leads to concerns of improper 

effect size estimates and relative weighting (i.e., overweighting certain studies; Borenstein et al., 

2009).  

Calculation of effect sizes for pre – post data requires a correlation between the WB 

marker at the two time points. When provided in the primary source, or able to be calculated, the 

correlation coefficient for pre-post WB was entered into CMA manually. When this information 

was unavailable, sensitivity analyses were conducted with different pre-post correlations (i.e., r = 

.1, .5, .9; Borenstein et al., 2009). To address the primary purpose, studies were analyzed based 

on the data exclusively from the NOE group only. If these studies included a matched indoor 

comparison group, the secondary purpose was conducted comparing NOE and indoor groups on 

WB. A forest plot was generated to display the effect sizes of individual studies as well as the 

overall effect size. 
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Heterogeneity was assessed by 1) Cochran’s Q (Cochran, 1954) as an assessment of true 

(i.e., between study) heterogeneity of variance 2) I2 to determine the percentage of total variance 

due to heterogeneity rather than chance across studies (Higgins, Thompson, Deeks & Altman, 

2003) and 3) Kendall’s T and (t2) or between studies variance (Borenstein et al., 2009). 

Prediction intervals (PI) to assess the dispersion of true effect sizes as well as 95% confidence 

intervals (95% CI) to quantify the precision of effect size were calculated (Borenstein et al., 

2009; Chiolero, Santschi, Burnand, Platt & Paradis, 2012). To further investigate heterogeneity 

of effect size, a meta-regression was conducted to assess the relationship between covariates and 

the dependent variable for the primary investigation. A subgroup analysis was conducted for 

categorical variables to determine whether the magnitude of effect size within and between each 

subgroup was statistically significant. Finally, funnel plot was generated to assess the presence 

publication bias (Borenstein et al., 2009). Rosenthal’s Fail-safe N was computed to determine 

the number of studies that would be required to render the effects nonsignificant (Rosenthal, 

1979).  
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Chapter 3: Results 

Search Strategy and Study Selection 

 Figure 1 demonstrates the process involved in study identification, screening, eligibility 

and inclusion. The initial search strategy identified 1631 articles eligible for inclusion. Five 

additional articles were identified for screening following a manual search of reference sections 

of relevant reviews (n = 3) as well as a scan of articles in recent journal publications (n = 2). 

Thus a total of 1636 articles were assessed for inclusion. After duplicates removed (n = 569), a 

total of 1067 articles were further screened. At title and abstract level, 1014 articles did not meet 

inclusion criteria. At the full manuscript level, 48 additional articles were eliminated. Outcome 

measures outside of the scope of inclusion criteria were the most common (n = 22) reason for 

study exclusion at the full manuscript level. To address the primary research question, 19 studies 

met inclusion criteria. Five studies met inclusion criteria linked to the secondary research 

question whereby PA in the NOE was compared to indoor PA on WB for matched groups.  

Concerns over publication bias were not evident for the primary purpose of PA in the NOE given 

the symmetrical distribution within the center of the funnel plot (see Figure 3).  Concerns 

regarding publication bias may be evident for the secondary purpose (see Figure 5) which may 

be due to the low number of studies (n = 5) retained for inclusion. 

Sample and Study Characteristics 

 Primary purpose. The sample and study characteristics of included studies are presented 

in Table 5. Sample sizes ranged from 6 to 263 participants (M = 42.1; SD = 56.2). Authors of 13 

studies reported sample age (M = 31.9 years; SD = 12.3 years). Of studies reporting sample 

gender (n = 11), approximately two-thirds were female (M = 62.9%; SD = 19.9%). Authors of 

four studies reported participant ethnicity with 90% (SD = 12.54%) self-identifying as 
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“Caucasian”. Publication dates of the primary studies ranged from 1995 to 2018 with five 

(26.3%) published within the last year. WB was the primary outcome in 73.7% (n = 14) of 

studies. The majority of studies (n = 13; 68.4%) were coded as quasi-experimental designs. 

NOEs fell within one of four categories: urban greenspace (n = 11; 57.89%), mixed NOE (n = 5; 

26.31%), woodland/forest (n = 2; 10.52%), or freshwater blue space (n = 1; 5.26%). Duration of 

PA ranged from 10 minutes to 230 minutes (M = 48.8; SD = 55.7) with authors of one study not 

reporting duration. The most frequent mode of PA was walking (n = 11; 57.9%). Study authors 

often adopted multiple markers of WB with vitality (n = 11; 57.9%) and positive affect (n = 10; 

52.6%) most frequent. Various scales were used to measure WB with the Affect (Valence) grid 

(Russell et al., 1989), Feeling Scale (Hardy & Rejeski, 1989), the Vitality subscale of the Profile 

of Moods Scale (POMS; McNair et al., 1971), and the Revitalization subscale of the Exercise 

Induced Feeling Inventory (EFI; Gauvin & Rejeski, 1993) all used in three studies.  

All studies included in the analysis scored a “3” indicating “low” quality based on criteria 

in EHPP Quality Assessment Tool index (Jackson & Waters, 2005; Thomas et al, 2004). Guided 

by CERT (Slade et al., 2016) criteria, the completeness of intervention reporting ranged from 

38.40% to 93.30% (M = 71.6%, SD = 15.76%).  

 Secondary purpose.  Sample and study characteristics of studies retained for inclusion 

comparing PA in the NOE and indoors on markers of WB can be found in Table 6. Sample sizes 

ranged from 15 to 42 participants (M = 27.6; SD =10.8). Mean sample age was (M = 28.39 

years, SD = 6.98 years). Of studies reporting sample gender (n = 4; 80%), approximately two-

thirds were female (M = 65.7%, SD = 29.1%). Two studies (40%) reported ethnicity within their 

sample. Of these studies, 93% of sample participants self-identified as “Caucasian”. Publication 

dates included in this analysis ranged from 2016 to 2018. Markers of well-being were the 
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primary outcome in 80% of studies (n = 4). The most common environment type was urban 

greenspace (n = 3; 60%). Duration of PA ranged from 10 to 230 minutes. The most common (n = 

2; 40%) mode of PA was cycling. The most common measure of WB was vitality (n = 4) 

followed by positive affect (n = 3). All studies included in the analysis were given a score of “3” 

indicating “low” quality based on criteria in EHPP (Thomas et al., 2004) index. Mean CERT 

(Slade et al., 2016) percentages were above 78% (M = 78.6, SD = 10.26).  

Effect sizes and Heterogeneity 

 Primary purpose: PA in the NOE. A moderate overall effect size (d = .49; 95% CI = 

0.33, 0.66, p < .001) was observed (see Tables 7- 8 and Figure 2). The 95% PI ranged between  

-0.17 and 1.15. Thus in 95% of samples, we estimate future observations of effect size 

examining differences in pre-post WB for PA in the NOE would fall within this range. 

Interpretation of Rosenthal’s fail-safe N (Rosenthal, 1979) indicated 545 studies would be 

needed to nullify the observed effect size. Regardless of WB marker, the effect size was 

significant, with changes in positive affect as a consequence of PA in the NOE of greatest 

magnitude (d = .56; 95% CI = 0.28, 0.86, p < 0.001). The smallest effect size by marker of WB 

was for engagement (d = .30; 95% CI = .02, .59, p = 0.03). Overall effect size and heterogeneity 

for positive emotion was not reported as only one study included this marker of WB.  Results of 

the sensitivity analysis revealed that the overall effect size slightly varied based on the imputed 

pre-post correlation (see Table 8). As overall heterogeneity was significant (Q = 68.72, p < .001) 

and I2 was considered moderate-to-high (Higgins et al., 2003), an analysis of study and sample 

characteristics that may predict variability was conducted. Significant heterogeneity was noted 

for positive affect (Q = 51.33, p < 0.001) and vitality (Q = 65.42, p < 0.001). Overall I2 (I2 = 73. 

81%) fell just below the criterion suggestive of high variance (Higgins et al., 2003) however 
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heterogeneity for positive affect (I2 = 82.47%) and vitality (I2 = 84.71%) was above this 

threshold.  

Subgroup analyses.  ENVT type (i.e., urban greenspace and mixed) included 16 (84.2 

%) of studies included in the overall meta-analysis. The majority of studies in this subgroup 

analysis (k = 11, 68.8 %) were classified as urban greenspace, while five studies (31.3 %) were 

mixed. There were statistically significant results for both urban greenspace (k = 11, d = 0.43, 

95% CI = 0.19, 0.67, p = 0.00) and mixed (k = 5, d = 0.62, 95% CI = 0.28, 0.95, p = 0.00) ENVT 

but no statistically significant findings between groups (k = 16, Q = 0.80, p = 0.37). For the PA 

type subgroup analysis, all (k = 19) studies were included. Results were statistically significant 

for “other” PA type (k = 5, d = 0.48, CI = 0.16, 0.80, p = 0.00) and walking (k = 11, d = 0.55, 

95% CI = 0.34, 0.76, p = 0.00) but not for running (k = 3, d = 0.21, 95% CI = -0.28, 0.71 p = 

0.37). Differences in effect sizes were not statistically significant between PA type subgroup (Q 

= 1.50, p = 0.47). For the subgroup analysis for PA intensity, k = 12 (63.2 %) of studies were 

included in the analysis. Six (50 %) of the studies included in the subgroup analysis had a PA 

intensity of moderate, while six (50 %) of the studies had a self-selected intensity. There were 

statistically significant results for moderate intensity (k = 6, d = 0.55, 95% CI = 0.19, 0.92, p = 

0.00) and self-selected intensity (k = 6, d = 0.70, 95% CI = 0.38, 1.02, p = 0.00) but not between 

groups (k = 12, Q = 0.37, p = 0.55). 

 Secondary purpose: Indoor PA comparator. The magnitude of the overall effect sizes 

varied between NOE (d = .53, p < 0.001, 95% CI = .28, .78) and indoor (d = .28, p = 0.02, 95% 

CI = .04, .51) on WB. However, this difference between PA conditions was not statistically-

significant (p = .15; see Table 10 and Figure 4). Results from the sensitivity analysis indicated 

that overall effect sizes varied slightly based on pre-post correlation with all remaining 
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statistically significant (see Table 10).  However, the sensitivity analysis indicated that there was 

significant heterogeneity of effect sizes within but not between conditions when r = 0.9 (see 

Table 10). Based on Rosenthal’s (1979) fail-safe N, a total of 41 studies would be needed for to 

nullify the effect. The most frequent marker used in these studies was vitality (n = 4). Effect 

sizes for vitality for PA in the NOE (d = 0.65, 95% CI = 0.26, 1.04, p < 0.001) and indoor (d = 

0.45, 95% CI = 0.06, 0.84, p = 0.02) group were both statistically significant and moderate. The 

effect size for positive affect for the NOE group was moderate (d = 0.51, 95% CI = -0.18, 1.20, p 

= 0.15) and small in the indoor PA group (d = 0.18, 95% CI = -0.50, 0.86, p = 0.60) with neither 

within group change in WB statistically significant. Between group differences were not 

statistically significant for vitality (p = 0.48) or positive affect (p = 0.51). For a breakdown of 

effect size by measure and study included in the secondary analysis see Table 9.  

 There was no statistically significant heterogeneity in the secondary purpose for either 

NOE group (Q = 7.52, p = 0.10), indoor group (Q = 6.28, p = 0.10), and between groups (Q = 

2.08, p = 0.15). I2 was 36.29% for the indoor group and 46.83% for the NOE group. Given the 

small sample size for the secondary analysis, combined with the non-significant heterogeneity of 

variance, moderator analyses were not conducted. 

Moderator Analyses 

 A series of meta regression analyses were conducted to determine specific single (e.g., 

PA type) as well as grouped covariates (e.g., PA characteristics) contribution to the variance in 

the effect sizes of PA in the NOE on WB. Covariates were included only when k ≥ 3. For an 

overview of individual and grouped covariate analyses see Tables 11 and 12 respectively. For the 

purpose of this thesis, only grouped covariate analyses are interpreted. Models that grouped 
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covariates include: PA (e.g., PA type, intensity and duration), sample (e.g., Age, Age SD and 

Gender) and study (e.g., CERT % and sample size) characteristics.  

 PA characteristics. Intensity was treated as a categorical variable given the limited 

number of studies including other intensities and interpretive challenges of scoring self-selected 

intensity as a continuous variable. Two of the coded PA intensities (i.e., self-selected and 

moderate) were included in the model, as k ³ 3. PA ENVT type was not included in this model 

as it was highly correlated with duration (r = .94). Overall, the model approached but did not 

reach conventional levels of statistical significance (k = 12, F = 3.90, df = 4, 7 Q = 9.51, p = 

0.06) with 87% of the variance (R2 = 0.87) in effect sizes of PA in the NOE on WB explained. 

With respect to specific individual covariates within the model, walking as PA type was the only 

significant predictor (b = 0.48, 95% CI = 0.15, 0.81, p = 0.01). The single predictor of running as 

PA type approached, but did not reach, statistical significance (b = 0.95, CI = -0.05, 1.9, p = 

0.06). Other covariates such as duration (b = 0.00, 95% CI = 0.00, 0.01, p = 0.22) and intensity 

(b = 0.08, 95% CI = -0.30, 0.47, p = 0.64) were not significant individual predictors within the 

model. I2 for this model was 26.38% which is considered low (Borenstein et al., 2009).  

 Sample characteristics. The sample characteristics model consisted of Age, Age SD and 

Gender. Ethnicity was not included in the model of sample characteristics for the analysis to be 

run in CMA given the study to covariate ratio.  The overall model was not statistically significant 

(k = 8, F = 1.53, df = 3, 4, Q = 6.90, p = 0.34). Individual covariates Age (b = 0.00, 95% CI= -

0.03, 0.02, p = 0.70), Age SD (b = -0.03, 95% CI = -0.08, 0.03, p = 0.23) and Gender (b = 0.00, 

95% CI = -0.01, 0.02, p = 0.48,) were not statistically significant. However, the model did 

explain 41% of the variance (R2 = 0.41). I2 for this model was 41.99% which is considered low 

(Borenstein et al., 2009). 
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 Study characteristics. The study characteristics model consisted of CERT percentage 

and sample size. Overall, the model was not significant (k = 18, F = 2.36, df = 2, 15, p = 0.13). 

Individual covariates CERT percentage (b = 0.01, 95% CI = 0.00, 0.02, p = 0.07) and sample 

size (b = 0.00, 95% CI = 0.00, 0.00, p = 0.63) were not significant predictors within the study 

characteristics model. This model accounted for 24% of the variance (R2 = 0.24) in effect size. I2 

for the model was 61.42% which is considered moderate (Borenstein et al., 2009).  
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Chapter 4: Discussion 

  Building on previous reviews (e.g., Barton & Pretty, 2010; Bowler et al., 2010; Lahart et 

al., 2019; Thompson Coon et al., 2011), the purpose of the present study was to conduct a meta-

analysis investigating the relationship between PA in the NOE on markers of WB in the 

published scientific literature. A secondary purpose examined whether PA in the NOE differs 

from PA in indoor environments on WB. Findings (e.g., effect sizes, heterogeneity) are expanded 

upon and contextualized within syntheses addressing PA in the NOE on WB. Results of the 

current investigation are generally aligned existing research (e.g., Barton & Pretty, 2010; Lahart 

et al., 2019) with respect to PA in the NOE on WB. More so, based on current findings, the 

belief that the NOE is not a beneficial environment than indoors for PA on WB is expanded 

upon. Lastly, study limitations (e.g., issues in timing of measurement) as well as future 

considerations (e.g., study design) for research are advanced. 

Effect Sizes, Heterogeneity and Subgroup Analyses 

 Effect sizes. In the current investigation, a moderate positive effect was found, 

suggesting that PA in the NOE was associated with increased scores on markers of WB. Effect 

sizes were largely consistent with other research syntheses based on overall and specific markers 

(Barton & Pretty, 2010; Bowler et al., 2010; Lahart et al., 2019). For example, the effect size of 

self-esteem in the current investigation (d = .45, p < 0.001) was similar to the research by Barton 

and Pretty, (2010; d = .46, p < 0.001) despite the differing inclusion/exclusion criteria between 

investigations. Differences in the magnitude of effect between the current investigation (d = .52) 

and Bowler et al., (2010; g = .28) were noted for WB conceptualized as vitality.  Differences in 

sample characteristics, number of studies retained for inclusion, and the effect size calculation 

adopted between syntheses may account for this variation. Cohen’s d (Cohen, 1988) has a slight 
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bias to overestimate effect sizes when compared to Hedges g (Hedges & Olkin, 1985) when < 20 

primary sources included (Bornstein et al., 2009). Moreover, other syntheses often included 

measures that fall outside of the markers of well-being included in this study (e.g., anxiety; 

Bowler et al, 2010; Thompson Coon et al., 2011). As such, the current investigation 

complements and extends what is known about PA in the NOE on WB through its 

conceptualization of WB consistent with contemporary theorists (i.e., Diener, 1984; Ryff, 1989; 

Huppert & So, 2014). The PI for overall effect size ranged from (-0.17, 1.15) indicating that 

researchers should anticipate a range anywhere from a small negative to a large positive effect in 

future investigations. Thus, caution for the universal conclusion that PA in the NOE results in 

improved well-being is recommended. 

Regarding environmental context, previous reviews have offered mixed support for PA in 

the NOE when compared to indoor environments on WB (Bowler et al., 2010; Lahart et al., 

2019; Thompson Coon et al., 2011). Findings from the current investigation align with a recent 

review on this topic by Lahart et al., (2019) in that the effect of PA on WB were not dependent 

on whether the activity was engaged in indoors or in the NOE. However, this finding may be 

linked to the small number of studies (n = 5) meeting inclusion criteria. Therefore, it appears that 

the benefits of the NOE compared to an indoor environment with respect to PA and markers of 

WB are uncertain at this time. As stated earlier, investigations into alternate environments from 

the NOE for PA (e.g., built environment) exist with mixed conclusions (Bowler et al., 2010; 

Geniole et al., 2016; Johansson, Hartig & Staats, 2011). Despite investigations into other 

environments, it remains unclear what exactly the role of environmental context plays in the PA-

WB relationship.   



 

	

26 

 Heterogeneity and subgroup analyses. Consistent with previous reviews (Barton & 

Pretty, 2010; Bowler et al., 2011) significant heterogeneity of effect sizes were identified in the 

present investigation. Heterogeneity statistics underpinned the investigation of potential 

moderators that may result in variability in effect sizes for PA in the NOE on WB.  No grouped 

models or subgroup analyses reached statistical significance. However, variance accounted for 

ranged from 24 % (e.g., study characteristics) to 87 % (e.g., PA characteristics).  Walking was a 

significant predictor of variance in effect size in comparison to the reference group (i.e., other) 

within the PA characteristics model. This finding suggests that interventions that aim to increase 

WB by PA in the NOE may benefit from walking as PA type. Walking has been identified as the 

preferred mode of PA (Booth, Bauman, Owen & Gore, 1997), a finding which extends to those 

living with cancer (Stevinson et al., 2009; Wong, McAuley & Trinh, 2018), mental health 

conditions (Ussher, Stanbury, Cheeseman & Faulkner, 2007; Subramaniapillai et al., 2016) and 

chronic pain (Zandwijk, van Koppen, van Mameren, Winkens & de Bie, 2017). Thus, walking as 

a significant predictor of effect size variance in WB may be linked to an individual’s preference 

for walking.  

The discrepancy between statistical significance and percentage variability in effect size 

may be due to the small number of studies contained in these moderator analyses. In the overall 

analysis, I2 or the proportion of true variance in effect size, which is largely unaffected by sample 

size, neared a classification of high (73.8 %), indicating greater presence of between study 

variance in relation to overall variance in effect size. Thus, while I2 cannot be considered an 

absolute value of variance, it is surprising that results of moderator analyses were not more 

explanatory regarding the heterogeneity of in effect size. One interpretation of the moderator 

analyses suggests that the effect of PA in the NOE on WB may be robust across samples, PA and 
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study characteristics. Despite the finding of significant heterogeneity within the primary 

investigation, many studies were conducted for a similar duration of PA (e.g., 15 minutes), 

intensity (moderate or self-selected), in a similar environment (e.g., urban greenspace), on 

participants with similar sample characteristics (e.g., educational attainment). Thus, the 

moderators included in this meta regression may be deemed fairly restrictive in nature. More so, 

it is possible that there was a potential moderator present yet unidentified (or coded for) in the 

primary sources. For example, the role of trait connectedness to nature has been investigated for 

mental health (McMahan, Estes, Murfin & Bryan, 2018), satisfaction with life (Mayer & Franz, 

2004), positive affect (Mayer et al., 2009), and aspects of the eudaimonic tradition of WB (e.g., 

personal growth, purpose in life; Nisbet, Zelenski & Murphy, 2011). Additionally, a meta-

analysis found a small fixed effect (r = 0.19) between connectedness to nature and happiness 

(Capaldi, Dopko & Zelenski, 2014), Perhaps, variation in effect size may be due to another 

factor such as participant connectedness to the NOE rather than sample, study or PA 

characteristics included in the moderator analyses. 

Within the NOE subgroup analysis, effect size of PA in the NOE on WB did not differ 

significantly. Effect sizes of greater magnitude were found for mixed NOE when compared to 

urban greenspace, walking in comparison to running and other, and self-selected when compared 

to moderate intensity PA. Results are consistent with other investigations in the literature 

regarding NOE type (Barton & Pretty, 2010). Additionally, given the categorical coding of the 

variables, some subgroups may not be mutually exclusive with others (e.g., self-selected and 

moderate PA intensity). Therefore, elements of some subgroups (e.g., freshwater blue space) 

may still be captured within others (e.g., mixed NOE) and conclusions regarding subgroup 

analyses are limited. 
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Additional Insights 

As previously stated, the distinction for PA in the NOE’s impact on markers of WB 

associated with the eudaimonic tradition were absent from other syntheses while emphasis on 

markers of WB associated with the hedonic tradition were plentiful (Barton & Pretty, 2010; 

Bowler et al., 2010; Thompson Coon et al., 2011). Thus, to fill this research gap, one motivation 

for the current investigation was to determine whether PA in the NOE impacts markers of WB 

associated with the eudaimonic tradition (e.g., engagement). There was a small positive effect (d 

= .30) of PA in the NOE on engagement found in the current study. Thus suggesting the potential 

relationship between PA in the NOE on WB may incorporate both the hedonic and eudaimonic 

tradition of WB; feeling and functioning well. However, few studies (k = 4) included in the 

current study measured markers of WB associated with the eudaimonic tradition. As such, 

conclusions drawn from this small sample are limited. This is despite the prominence of 

eudaimonic well-being in general psychological literature (Ryff, 2018).  

Limitations 

 Results of this investigation serve as a description of the current state of literature 

examining PA in the NOE on WB, yet, it is critical to highlight several limitations pertaining to: 

1) Study identification; 2) Study design and 3) Instrument administration. These limitations are 

expanded upon below.   

 Study identification. Study selection was guided by select databases and 

inclusion/exclusion criteria consistent with PICOS (see Table 3).  To minimize the likelihood 

that studies were not identified via search strategy, reference sections of relevant reviews on 

similar topics (e.g., Thompson Coon et al., 2011) were examined. Despite these efforts, relevant 

studies still may have gone unidentified. It is also possible that studies have since been published 
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after the search strategy was imputed into the databases. Studies may also have been published in 

languages other than English which would prevent them from being identified for inclusion.  

Lastly, studies may be indexed in databases that were not included in the search strategy or may 

include keywords that were not included in the abovementioned search strategy. All of these 

potentialities limit the identification of relevant studies for inclusion. To address this issue, 

Rosenthal’s fail safe N calculation indicated over 545 and 41 studies would be needed for the 

effects found for the primary and secondary purposes to be nullified. Study identification may 

have implications for the moderator analyses. Caution is noted when interpreting findings from 

the meta-regression analyses and should be considered exploratory. A minimum of 10 studies per 

covariate has been recommended (Bornstein et al., 2009; Cochrane Handbook 5.1). Researchers 

may want to further investigate potential moderators of the PA in the NOE on WB to further 

advance this literature.  

 Study design. This investigation included studies of both experimental and quasi-

experimental designs however, there is some evidence for concern for the impact of comparing 

studies with differing study designs (Borenstein et al., 2009). Essentially, in the current 

investigation a question of whether variance in effect size is due to study design can be posed. To 

address this issue, a random effects model of meta-analysis was utilized. This means that the 

effect size was believed to vary from study to study and that no true effect was believe to be 

present across all studies. The calculation of PIs also assists with study diversity. PIs are related 

to where a future measurement (e.g., effect size) would occur for a similar investigation.  

 The lack of consensus in measurement and approach to markers of WB is well 

documented (Linton et al., 2016) and further precludes the author from drawing conclusions 

regarding WB as a multifaceted variable. Specifically, there was only one marker of WB (e.g., 
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engagement) associated with the eudaimonic tradition that met inclusion criteria in this 

investigation. This investigation began with questions surrounding whether the effects of PA in 

the NOE on WB extending beyond feeling well (as was concluded in other reviews such as 

Thompson Coon et al., 2011), and concludes with limited additional insight regarding markers of 

WB beyond conclusions already drawn in similar reviews.  

  Issues of instrument administration. Despite evidence to suggest a relationship 

between PA and affect (Ekkekakis, Lind & Vazou 2010), some investigations reveal the 

trajectory of affective responses to PA noting affect decreases during PA and increases 

immediately upon termination of PA (Ekkekakis, Backhouse, Gray & Lind, 2008; Ekkekakis et 

al., 2010). This suggests that perhaps it is not PA that actually increases affect but rather that 

cessation of PA that increases affective measures. This phenomenon has been explored 

throughout different intensities (Ekkekakis et al., 2008) and some health conditions (e.g., 

overweight but not obese women, Ekkekakis et al., 2010). Within the context of the current 

investigation, perhaps the results that were found were not merely due to environmental 

manipulation but rather reflect the trajectory of affect that we see in other PA research. More so, 

in the secondary analysis, we see a larger effect for the NOE than indoors yet the result was not 

significant, indicating that in comparison to indoors, the NOE may not be adding additional 

benefit. Taken altogether with findings on PA and affective outcomes, a greater question of to 

what can we attribute affective changes in WB after PA in the NOE arises. It would appear that 

while the environment may play a role, exactly what that role is remains somewhat elusive.  
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Future Directions 

 Several future considerations for research on PA in the NOE on WB can be advanced 

with respect to study design and measurement. First, previous reviews have called for 

investigations in more diverse NOEs (Bowler et al., 2010; Thompson Coon et al., 2011).  

There is some evidence for a beneficial effect of blue space NOEs on mental health outcomes 

(White et al., 2010). More so, a recent systematic review highlights that varying interventions in 

blue space were beneficial to mental health and some WB indicators (Britton, Kindermann, 

Domegan & Carlin, 2018). As such, future investigations into blue space are encouraged. 

However, isolating blue space from other green spaces may be difficult depending on location.  

Furthermore, as classification of NOE space is inconsistent, discrepancies between 

categorizations made by researchers can render our understanding of environment type on WB 

difficult.  

 More so, considering the equivocal findings regarding the NOE as a beneficial 

environment compared to indoors, it begs the question of to what extent does NOE type truly 

matter? Many (73.7%) of the studies included in the current review did not contain an indoor 

matched group comparison. Thus, future studies controlling for experimental manipulation (e.g., 

both groups incur the same PA task, without additional stimuli added in either setting) between 

indoor and NOE type are recommended to further determine whether the NOE offers additional 

benefits than PA indoors on WB. In sum, if the NOE does not offer additional benefit in 

comparison to an indoor environment then discrepancies between NOE type may be arbitrary 

and the call for more diverse NOE types may not be necessary. 

 Regarding instrument administration, many of the studies included in this review 

measured WB before and after a single bout of physical activity in the NOE. While some studies 
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did include multiple time points (e.g., during PA, Niedermeier et al., 2017; post PA session, 

Ekkekakis et al., 2008) for measurement, not all results are reported for each time point. 

Including studies with multiple time point measurements would enable comparisons to be drawn 

with research examining affective responses during and after PA (Ekkekakis, 2008). This may 

distinguish whether increases in WB within the NOE are due to environmental manipulation or 

due to PA. Including studies of this design as well as including an indoor and built environment 

comparison may further tease apart whether PA in the NOE is responsible for increases in WB or 

if PA regardless of environmental context is responsible.  

 Bowler et al., 2010 highlight the need for multiple measurements such as studies that 

include measurements of WB beyond the post PA sessions.  Future considerations include study 

designs that measure this relationship longitudinally both in terms of duration of bout as well as 

any longitudinal effects of PA in the NOE. Additional appeal to longitudinal investigations in 

this area permit measures of adherence to be included in future studies. Qualitative research 

suggests that for some, the NOE served as a preference in comparison to alternate environment 

and may be one motivator for the pursuit of future PA (Fraser, Munoz & MacRuy, 2019). While 

PA adherence was beyond the scope of the current investigation, it may be advantageous for 

future studies to measure adherence to PA in various environmental contexts and whether other 

variables moderate what, if any, relationship between environmental context and PA adherence 

exists. With many (47.4%) of the bouts of PA being 15 minutes or less in duration, studies 

investigating whether the effects on WB are consistent throughout longer durations of PA would 

fill a gap within the literature. It is puzzling why this recommendation continues after several 

reviews on this topic have identified this gap within the literature (Barton & Pretty, 2010; Bowler 

et al., 2010; Thompson Coon et al., 2011).  
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 The majority of studies contained in this analysis included measures of feeling well (e.g., 

positive affect, vitality) consistent with the hedonic tradition of WB (Huppert & So, 2011). 

Studies involving PA in the NOE that measure aspects associated with functioning well (e.g., 

resilience, positive relationships) are lacking within the PA in the NOE literature. As such, 

researchers are encouraged to fill this specific research gap. Critiques of how affective measures 

are employed within PA research highlight that researchers use conceptually distinct terminology 

interchangeably (e.g., affect, mood, emotion, Ekkekakis, 2013). When measuring positive affect, 

some authors included in the present investigation used instruments that reached beyond how 

affect is defined in the WB literature (e.g., elation; Niedermeier et al., 2017). Thus, future 

investigations focused on the NOE and WB are encouraged to select instruments with scrutiny. 

 Additionally, connectedness to nature may play a role in the relationship between humans 

and the natural environment (Ewert, Mitten & Overholt, 2014) with this role potentially 

extending to the PA in the NOE on WB relationship. Future studies may investigate whether 

participant connectedness to nature may serve as a moderator between the PA in the NOE on 

WB relationship in the sense that those who are more connected to nature may accrue greater 

benefit to their WB when physically active in the NOE. As the role of connectedness to nature 

was beyond the scope of the current study, future investigations on this topic are encouraged to 

consider measuring participant connectedness to the NOE. While many scales that aim to 

measure the human-nature relationship exist (Cartwright & Mitten, 2018) the Connectedness to 

Nature Scale (CNS; Mayer & Frantz, 2004) is one scale used in similar research investigating the 

relationship between subjective connections to nature and well-being (Howell, Dopko, Passmore 

& Buro, 2011).  
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 Practical implications of this review include the potential for health professionals to 

consider integrating the findings into their everyday practice. For example, Park Rx, is a non-

profit organization in the United States that utilizes an online platform to connect local parks and 

healthcare professionals to facilitate a prescription for nature for their patients/clients. As such, 

practitioners may integrate prescriptions to be physically active (e.g., walking) in these 

environments as one means to increase WB in their patients/clients. Other fields, such as outdoor 

education, may incorporate the findings of the current research to highlight potential individual 

WB benefits from PA in the NOE particularly when evaluating and designing outdoor education 

programs. Some reviews (Bowler et al., 2010; Thompson Coon et al., 2011) on this topic have 

cautioned whether PA in the NOE on WB offers universal health benefits to individuals. There is 

a growing international interest towards nature based solutions (NBS; Nesshover et al., 2017) 

which is a term originally applied to ecological/environmental solutions but have since been 

applied more broadly to refer to solutions grounded in nature to societal challenges. NBS are 

considered to be all encompassing in their attempt to unite solutions to address environmental 

(e.g., climate change, biodiversity) and human health (e.g., WB) concerns (Nesshover et al., 

2017). With several stakeholders involved comprising policy makers, urban planning, outdoor 

educators and researchers, NBS are purported to offer economic, social and environmental 

benefits are solutions are derived from nature in a cost-effective manor (Raymond et al., 2017). 

NOE interventions may be considered to be one kind of NBS to address mental health (Britton et 

al., 2018). While a multidisciplinary approach such as NBS to solutions involving health and 

WB is appealing, with respect to PA in the NOE on WB, more evidence is required before 

conclusions can be drawn. While there are still many elements to the PA in the NOE on WB 

relationship that remain unclear, assuming universal benefits of PA in the NOE on WB are not 
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possible based upon the information synthesized in the current study. In sum, while more 

research is encouraged in this area, caution is advised regarding translation of the findings of the 

current study to facilitate universal access to and use of the NOE as a space for PA to increase 

WB. 
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Conclusions 

 The primary purpose of the current study was to examine the relationship between PA in 

the NOE on WB in the published scientific literature using meta-analysis. As WB is related to 

various health outcomes (Diener & Chan, 2011; Ryff, 2018; Steptoe, Deaton, & Stone, 2015; 

Veenhoven, 2008), investigations into what thwarts, as well as fosters WB, are present within the 

literature. Overall, there is some evidence to suggest that PA in the NOE may increase WB. A 

secondary purpose of the investigation was to examine whether PA in the NOE differed from 

and indoor environment on WB. Additional uncertainty arises regarding whether the NOE offers 

any supplementary benefit to the indoor environment in the PA/WB relationship. A series of 

moderator analyses indicated that while significant heterogeneity was noted in the primary 

analysis, this variance in effect size was not due to study, sample or PA characteristics. This 

finding may be due to a small number of studies. Subgroup analyses highlight that effect size did 

not differ significantly between NOE groups, PA intensity or PA type. Lastly, the timing of WB 

instrument administration raises questions of whether increases in markers of WB are due to PA 

in the NOE, simply PA in general or more specifically, the termination of PA as consistent 

within the literature (Ekkekakis et al., 2008; Ekkekakis et al., 2010). More research that 

addresses all of these caveats are necessary. Thus, the current investigation may contribute to and 

update the broader literature on the relationship between the NOE and health as well as highlight 

areas needed for future research on this topic. 
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Appendix A 

Table 1 
Overlap of Well-Being Markers 

Component of WB 
Flourishing 

 (Huppert & So, 2013) 
SWB  

(Diener, 1984) 
PWB  

(Ryff, 1989) 

Positive Functioning 

   Autonomy 

 
   Personal Growth 

 Competence  Environmental Mastery 

 Emotional Stability   

 Engagement   

 
Meaning 

 
Purpose in Life 

 Optimism   

 Positive Relationships  Positive Relationships 

 Resilience   

Positive Feeling 

 Self Esteem  Self-Acceptance 

 Vitality   

 

Positive Emotion Positive Emotion 
 
Affect 
 

 

  Satisfaction with Life  

Note. SWB = Subjective Well-Being, PWB= Psychological Well-Being. 
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Table 2 
NOE Classification 

 (NOE) Characteristics Built Environment Characteristics 
Greenspace 

Urban Greenspace 
Parks 
Conservation Areas/ Nature 
Reserves 
Playgrounds/sports fields 
Squares/gardens 
Natural pathways/cycle paths/ trails 
Cemeteries 
Institutional (school, hospital 
grounds) 
Gardens (residential & private) 
Street greenery 

Woodland/forests 
Rural/agricultural land 
Country parks 

 

 
Streets 
Roads 
Intersections 
Fixtures (e.g. street lighting) 
Buildings 
Utilities 
Any other man-made structures 
forming physical components of the 
community 
 
 
 
 
 

Bluespace 
Freshwater 

Lakes/reservoirs/ponds 
Rivers/streams/canals 

Marine/Coastal 
 

 

Note. This table was re-created from the environmental classifications in the following sources: 
CDC, 2009; Nieuwenhuijsen et al., 2014; Smith et al., 2017. Any NOE consisting of multiple 
elements from different classifications of NOEs were deemed a mixed environment in the 
current investigation. 
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Table 3 
PICOS Framework 
PICOS Item Inclusion Criteria Exclusion Criteria 
Population Adults (mean sample age ≥ 

18 years of age) without 
reported health condition. 
 

Children (mean sample age 
< 18 years of age) and 
special populations (i.e., 
clinical populations, 
individuals with 
disabilities). 
 

Intervention Physical activity (PA) 
interventions in natural 
outdoor environments 
(NOE). The interventions 
can be in the form of any 
type of physical activity or 
exercise, of any duration, 
frequency and intensity of 
physical activity. 
At least one condition in the 
study must pursue PA in the 
NOE. Should an 
intervention include 
multiple manipulations (e.g. 
PA + health education, PA 
+ cognitive tasks) only 
condition(s) without the 
added manipulation will be 
included in the analysis. 
 

Interventions in non-natural 
outdoor environments/ in-
built environments, 
interventions occurring 
indoors with virtual reality 
simulations/ projections of 
the natural environment/ 
photographs of the natural 
environment, interventions 
including some other 
component (e.g. health 
education or any other 
manipulation) for all 
conditions or has no 
condition for PA in the 
NOE. 
 

Comparison Where possible (based on 
study design) a physical 
activity group located 
indoors will be included as 
comparison. As quasi-
experimental designs will 
also be included, not all 
studies will have a 
comparison/control but will 
be included in the primary 
analysis. The indoor 
comparison can be in the 
form of any duration, 
intensity or type so long as 
the physical environment in 

Indoor physical activity 
intervention with any kind 
of manipulation (projections 
of virtual reality (VR), 
photos, images, videos of 
green space or audio 
stimuli). And/or, any 
comparison to environments 
not consistent with the 
natural outdoor environment 
(e.g. urban environments 
marked by streets, 
intersections, man-made 
structures). Any 
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which it occurs is indoors 
only. 
 

sedentary/rest control 
groups. 
y 

Outcomes Changes in mean well-being 
scores (i.e., pre-post) across 
at least one well-being 
indicator consistent with 
Subjective Well-Being 
(SWB; Diener, 1984), 
Psychological Well-Being 
(PWB; Ryff, 1989) and/or 
Flourishing (Huppert & So, 
2013) 
 

Measures of well-being 
inconsistent with the above 
mentioned conceptual 
approaches to well-being. 
 
 

Studies Randomized controlled 
trials (RCTs), controlled 
trials (CTs), quasi-
experimental designs. 
 
 
 

Qualitative studies, review 
studies, studies not 
published in English, 
dissertations, conference 
proceedings, thesis 
documents 

Note. SWB = Subjective Well-Being (Diener, 1984), PWB= Psychological Well-Being (Ryff, 1989). 
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Table 4  
PRISMA-P Review Protocol 
Section & 
Topic Checklist Item 

Title Examining physical activity effects in natural outdoor environments on 
markers of well-being: A meta-analysis  

Registration Registered on PROSPERO registration # CRD42019119854 

Available from: 
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD4201911
9854 

Authors: 

     Contact 

 

Caitlin Kelley, BA. Faculty of Applied Health Sciences, Brock University, St. 
Catharines, ON, Canada 
ck17kv@brocku.ca 

Contribution
s 

Caitlin Kelley created the review protocol. Dr. Diane Mack revised. 
Other contributors: Dr. Phil Wilson, Dr. Timothy O’Connell 

Support: 
Sources No financial support was sought for this review.  

Introduction 

Rationale 

 

Objectives 

 

Current reviews of the literature lack meta analytic investigations into the 
relationship between outdoor physical activity and psychological well-being as 
conceptualized by Diener (1984), Huppert & So (2013), Ryff (1989).  
 
The primary aim of this research is to conduct a meta-analysis of the published 
scientific literature pertaining to PA in the NOE on WB followed by the 
following research questions:  
1) Does physical activity occurring in the natural outdoor environment increase 
psychological well-being? 
2) Does physical activity occurring in the natural outdoor environment differ 
from physical activity occurring indoors on psychological well-being? 
3) Is the relationship between physical activity in the natural outdoor 
environment and psychological well-being mediated by sample (e.g., age) 
and/or study (e.g., marker of well-being) characteristics?  
It is hypothesized that a relationship between physical activity in the outdoor 
environment will positive impact markers of well-being greater than physical 
activity indoors 
 
P- Inclusion criteria: adults (mean sample age ≥ 18 years of age) without 
reported health condition. 
Exclusion criteria: children (mean sample age < 18 years of age) and special 
populations (i.e., clinical populations, individuals with disabilities). 
I- Inclusion criteria: physical activity (PA) interventions in natural outdoor 
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environments (NOE). The interventions can be in the form of any type of 
physical activity or exercise, of any duration, frequency and intensity of 
physical activity. 
To meet the inclusion criteria, at least one condition in the study must pursue 
PA in the NOE. Should an intervention include multiple manipulations (e.g. PA 
+ health education, PA + cognitive tasks) only condition(s) without the added 
manipulation will be included in the analysis. 
Exclusion criteria: interventions in non-natural outdoor environments/ in-built 
environments, interventions occurring indoors with virtual reality simulations/ 
projections of the natural environment/ photographs of the natural environment, 
interventions including some other component (e.g. health education or any 
other manipulation) for all conditions or has no condition for PA in the NOE. 
C- Inclusion: where possible (based on study design) a physical activity group 
located indoors will be included as comparison. As quasi-experimental designs 
will also be included, not all studies will have a comparison/control but will be 
included in the primary analysis. The indoor comparison can be in the form of 
any duration, intensity or type so long as the physical environment in which it 
occurs is indoors only. 
Exclusion: indoor physical activity intervention with any kind of manipulation 
(projections of virtual reality (VR), photos, images, videos of green space or 
audio stimuli). And/or, any comparison to environments not consistent with the 
natural outdoor environment (e.g. urban environments marked by streets, 
intersections, man-made structures). Any sedentary/rest control groups 
O- Inclusion criteria: changes in mean well-being scores (i.e., pre-post) across 
at least one well-being indicator consistent with Subjective Well-Being (SWB; 
Diener, 1984), Psychological Well-Being (PWB; Ryff, 1989) and/or 
Flourishing (Huppert & So, 2014). 
 
Exclusion criteria: measures of well-being inconsistent with the above 
mentioned conceptual approaches to well-being. 
Timing 
Inclusion criteria: pre/post measures taken prior to and after physical activity. If 
more than one time point is collected, time points reflecting as closely to the 
onset and termination of physical activity will be taken. 
Exclusion criteria: measures occur in any combination other than pre/post (ex. 
during PA only). 
S- Inclusion criteria: randomized controlled trials (RCTs), controlled trials 
(CTs), quasi-experimental designs. 
 
Exclusion criteria: qualitative studies, review studies, studies not published in 
English, dissertations, conference proceedings, thesis documents. 

Methods 

Eligibility 
criteria 

Studies will be eligible if they meet inclusion criteria consistent with PICOS 
(see above).  
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Information 
sources 

Electronic databases: PubMed, Proquest Nursing and Allied Health, PsycINFO, 
SPORTDiscus, and EMBASE via Ovid Healthstar. Contact with study authors 
will be used if data are missing from studies included in the review. 

 

 
Search 
strategy 

A librarian-assisted keyword search strategy will be utilized to identify relevant 
articles in the following online databases: PubMed, Proquest Nursing and 
Allied Health, PsycINFO, SPORTDiscus and EMBASE via Ovid Healthstar. 
 
Keyword search terms will include "(((green gym[Title/Abstract] OR green 
exercise[Title/Abstract] OR outdoor physical activity[Title/Abstract] OR 
outdoor exercise[Title/Abstract] OR outdoor walking OR green physical 
activity[Title/Abstract])) AND (wellbeing OR well-being OR mental health OR 
affect OR emotion OR self-esteem OR vitality OR purpose OR self-acceptance 
OR engagement OR personal growth OR satisfaction OR competence OR 
optimism OR resilience OR autonomy OR relationship OR eudaimonia OR 
flourishing)) NOT review AND (Humans[MeSH] AND English[lang] AND 
adult[MeSH])” as terms at both abstract/title and subject heading level. 
Alternate combinations of the abovementioned search terms may be used 
where appropriate in the databases to ensure the identification of as many 
relevant articles as possible. Markers of well-being as occurring in SWB 
(Diener, 1984), flourishing (Huppert & So, 2013) and PWB (Ryff, 1989) 
reflect the well-being keyword search terms above. 

Study 
records 
 
Data 
Management 
 
           
           
Selection 
Process 
 
 
 

           

          
 
 
 
Data 
Collection 
Process 

 
 
 
DistillerSR software will be used to extract and maintain data during the 
extraction process. Comprehensive Meta-Analysis (Version 3.0) will be used to 
analyze the data. 
 
 
 
Primary sources meeting eligibility criteria consistent with PICOS will be 
retained and further coded by two independent coders. All articles rendered 
from the keyword search will be screened at the title/abstract level for 
inclusion. If the study meets eligibility criteria at the title and abstract level, it 
will be retained for further inspection of the full manuscript to determine 
eligibility. Studies that do not meet inclusion criteria will be excluded. Coding 
of studies meeting inclusion criteria consistent with PICOS will be conducted 
by two independent coders who are familiar with coding and data extraction. 
Discrepancies will be resolved by discussion amongst the primary and 
secondary coder. 
 
 
A standardized data extraction form will be used adapted from the “Data 
collection form for intervention review- RCTs and non-RCTs” from The 
Cochrane Collaboration and the Consensus on Exercise Reporting Template 
(CERT; Slade, Dionne, Underwood & Buchbinder, 2016) and the Cochrane 
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Handbook (Higgins, 2011). Should data be missing from the publication the 
corresponding author will be contacted via email to attain access to the data. A 
data extraction software, DistillerSR will be used to facilitate the data 
extraction process.  

Data items Data will be sought for: 

Physical activity: Physical activity (PA) refers to the bodily movement 
produced by skeletal muscles requiring energy expenditure (Bouchard, Blair & 
Haskell, 2007) 
 
Natural outdoor environment: The natural outdoor environment refers to the 
natural environment (both green and bluespace) in addition to other spaces 
outdoors otherwise within the natural environment with some human 
intervention (e.g., parks, campuses). 
 
Markers of Well-being: any measurement of the markers of subjective well-
being (SWB; Diener,1984), flourishing (Huppert & So, 2013) or psychological 
well-being (PWB; Ryff, 1989) 

Outcomes 
and 
prioritization 

Comparison of mean scores between indoor/outdoor conditions on outcome 
variable (i.e., markers of well-being such as competence, emotional stability, 
engagement, meaning, optimism, positive emotion, positive relationships, 
resilience, self-esteem, vitality, meaning, accomplishment, positive affect, 
satisfaction with life, self-acceptance, autonomy, environmental mastery, 
purpose in life and personal growth). All outcome measures of well-being are 
given equal prioritization.  

Risk of bias  Two independent reviews will assess study quality of included studies using 
the Effective Public Health Practice Project (EHPP) Quality Assessment Tool 
for Quantitative Studies. An overall study quality score will be generated for 
each article included in the analysis. Disagreements between reviewers will be 
settled via discussion. If necessary, a third reviewer will be consulted 
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Data 
Synthesis 

Descriptive statistics such as sample and study characteristics will be 
calculated. All analyses will be run on the meta-analytic software package 
Comprehensive Meta-Analysis Version 3.0. The proposed research assumes a 
random effects model. Thus it is assumed that the true effect will vary from 
study to study and that effect sizes that vary from each other are due to random 
error within studies and the variation in effect size between studies. A 
combined effect will be calculated, which reflects the combined estimate of the 
average of the distribution of values (Borenstein, Hedges, Higgins & Rothstein, 
2009). Effect sizes will be calculated using Cohen’s d (Cohen, 1988) with a 
correction factor J to correct for bias in the effect size parameter in studies with 
small samples (Borenstein et al., 2009). Heterogeneity will be assessed by 1) 
Cochran’s Q (Cochran, 1954) as an assessment of heterogeneity of variance 2) 
I² to determine the percentage of total variance due to heterogeneity rather than 
chance across studies (Higgins, Thompson, Deeks & Altman, 2003) and 3) 
Kendall’s T and (2) or the variance of the effect size parameters between 
studies (Borenstein et al., 2009). Prediction intervals to assess the dispersion of 
true effect sizes as well as 95% confidence intervals to quantify the accuracy of 
the mean will be calculated (Borenstein et al., 2009; Chiolero, Santschi, 
Burnand, Platt & Paradis, 2012). A forest plot will be generated to display the 
effect sizes of individual studies as well as the overall effect size. A funnel plot 
will be generated to assess the presence publication bias (Borenstein et al., 
2009; Light & Pillemer, 1984). Rosenthal’s Fail-safe N will be computed to 
determine the number of studies lacking required to render the effects 
nonsignificant (Rosenthal, 1979). 

Meta-biases Funnel plot and Rosenthal’s Fail-safe N across studies will be computed to 
assess publication bias 
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Table 5  
Study & Sample Characteristics for Primary Purpose 
Study, 
Year n Study 

Design Outcome(s) PA type PA  
(Mins) 

PA  
Intensity NOE Type 

Fuegen,  
2018 

41 Quasi-
Experimental 

Pos. Affect 
Vitality 

Walk 15 Low Urban 
Greenspace 

Pasanen,  
2018(a) 

41 Quasi -
Experimental 

Pos. Affect Walk 103 Self- 
Selected 

Mixed 

Pasanen,  
2018 (b) 

40 Quasi- 
Experimental 

Pos. Affect Walk 120 Self-
Selected 

Mixed 

Pretty,  
2007 

263 Quasi-
Experimental 

Self Esteem 
Vitality  

Mixed 60 Self-
Selected 

Mixed 

Diessner,  
2015 

21 Quasi-
Experimental 

Engagement Walk 10 NR Urban 
Greenspace 

Harte,  
1995 

10 Quasi-
Experimental 

Vitality Running 45 Vigorous Urban 
Greenspace 

Geniole,  
2016 

31 Quasi-
Experimental 

Pos. Affect Walk 15 Moderate Urban 
Greenspace 

Bodin,  
2003 

12 Quasi-
Experimental 

Vitality Running 60 Moderate Mixed 

Johansson,  
2011 

20 Quasi- 
Experimental 

Vitality 
Engagement 

Walk 40 Moderate Urban 
Greenspace 

Crust,  
2013 

83 Quasi- 
Experimental 

Pos. Affect 
Self Esteem 

Walk 60 Low Mixed 

Rogerson,  
2016 

24 Pre-Post 
Matched 
Groups 

Vitality Cycling 15 Moderate Urban 
Greenspace 

Byrka,  
2018 

28 Quasi-
Experimental 

Vitality 
Engagement 

Dance 40 NR Urban 
Greenspace 

Niedermeier
2017 

42 Pre-Post 
Matched 
Groups 

Pos. Affect 
Pos. 
Emotion 

Hike 230 Self-
Selected 

Woodland/ 
Forest 
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Turner,  
2017 

22 Pre-Post 
Matched 
Groups 

Pos. Affect 
Vitality 

Running NR MVPA Woodland/ 
Forest 

Focht,  
2009 

35 Pre-Post 
Matched 
Groups 

Pos. Affect 
Vitality 
Engagement 

Walk 10 Self-
Selected 

Urban 
Greenspace 

Flowers,  
2018 

15 Pre-Post 
Matched 
Groups 

Vitality 
Self Esteem 

Cycling 15 Moderate Urban 
Greenspace 

Ryan,  
2009 

40 Modified 
Randomized 
Experiment 

Vitality Walk 15 NR Urban 
Greenspace 

Ekkekakis, 
2008 

6 Quasi-
Experimental 

Pos. Affect Walk 15 Moderate Bluespace- 
Freshwater 

Ekkekakis, 
2000 

26 Quasi-
Experimental 

Pos. Affect Walk 10 Self-
Selected 

Urban 
Greenspace 

Note.  Study is noted by primary author, year. n = sample size, PA = physical activity, NOE= 
Natural Outdoor Environment, NR = not reported, Pos. Affect = Positive Affect, Pos. Emotion = 
Positive Emotion, Sessions refers to number of sessions of physical activity, MVPA = moderate 
to vigorous physical activity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

	

66 

Table 6 
Study and Sample Characteristics for Secondary Purpose 
Study,  
Year 

Sample  
Ind./NOE 

Outcome 
Measure(s) 

PA  
Type 

PA 
Mins. 

PA  
Intensity 

NOE 
Type 

Rogerson, 
2016 

24/24 Vitality Cycle 15 Moderate Urban 
Greenspace 

Niedermeier, 
2017 

42/42 Pos. Affect 
Pos. Emotion 

Hike 230 Self-
Selected 

Woodland/ 
Forest 

Turner, 2017 22/22 Pos. Affect 
Vitality 

Run NR MVPA Woodland/ 
Forest 

Focht, 2009 35/35 Engagement 
Pos. Affect 
Vitality 
 

Walk 10 Self-
Selected 

Urban 
Greenspace 

Flowers, 
2018 

15/15 Self Esteem 
Vitality 

Cycle 15 Moderate Urban 
Greenspace 

Note. Ind. = indoor. PA = physical activity, NR = not reported, Pos. Affect = Positive Affect, PA 
mins = duration of PA session in minutes, MVPA= moderate to vigorous physical activity. All 
studies were coded as having one session indoors and one session in the NOE. All studies were 
coded as pre/post matched groups comparison study design.  
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Table 7 
Effect size by Measure and Study for Primary Purpose 

Measure Study ES SE Variance p-value 95% CI [Lb, Ub] 
Engagement 
 Diessner, 2015 -0.10 0.22 0.05 0.63 [-0.53, 0.32] 
 Johansson, 2011 0.31 0.23 0.05 0.18 [-0.14, 0.76] 
 Byrka, 2018 0.54 0.25 0.06 0.03 [0.05, 1.02] 
 Focht, 2009 0.47 0.18 0.03 0.01 [0.12, 0.82] 
Total  0.30 0.14 0.02 0.03 [0.02, 0.59] 
       
Pos. Affect 
 Fuegen, 2018 0.19 0.16 0.02 0.22 [-0.12, 0.50] 
 Pasanen, 2018(a) 0.93 0.19 0.03 0.00 [0.56, 1.30] 
 Pasanen, 2018(b) 0.88 0.19 0.03 0.00 [0.52, 1.25] 
 Geniole, 2016 0.59 0.25 0.06 0.02 [0.10, 1.08] 
 Crust, 2013 0.15 0.11 0.01 0.17 [-0.07, 0.37] 
 Niedermeier, 2017 0.92 0.20 0.04 0.00 [0.51, 1.32] 
 Turner, 2017 -0.35 0.22 0.05 0.11 [-0.78, 0.08] 
 Focht, 2009 0.98 0.21 0.04 0.00 [0.58, 1.38] 
 Ekkekakis, 2008 0.50 0.41 0.17 0.22 [-0.30,1.30] 
 Ekkekakis, 2000 0.86 0.20 0.04 0.00 [0.47, 1.25] 
Total  0.56 0.14 0.02 0.00 [0.28, 0.84] 
       
Self Esteem 
 Pretty, 2007 0.31 0.06 0.00 0.00 [0.18, 0.43] 
 Crust, 2013 0.51 0.12 0.01 0.00 [0.28, 0.74] 
 Flowers, 2018 0.89 0.30 0.09 0.00 [0.29, 1.48] 
 Total            0.45 0.12 0.01 0.00 [0.22, 0.69] 
       
Vitality 
 Fuegen, 2018 0.63 0.17 0.03 0.00 [0.29, 0.96] 
 Pretty, 2007 0.03 0.06 0.00 0.60 [-0.09, 0.15] 
 Harte, 1995 -0.82 0.37 0.13 0.02 [-1.54, -0.11] 
 Bodin, 2003 1.17 0.38 0.14 0.00 [0.44, 1.91] 
 Johansson, 2011 0.47 0.24 0.06 0.05 [0.01, 0.93] 
 Rogerson, 2016 0.15 0.21 0.04 0.46 [-0.25, 0.56] 
 Byrka, 2018 1.33 0.33 0.11 0.00 [0.68, 1.97] 
 Turner, 2017 0.91 0.25 0.06 0.00 [0.42, 1.41] 
 Focht, 2009 0.96 0.20 0.04 0.00 [0.56, 1.36] 
 Flowers, 2018 0.59 0.28 0.08 0.03 [0.04, 1.14] 
 Ryan, 2009 0.43 0.17 0.03 0.01 [0.10, 0.75] 
Total  0.52 0.15 0.02 0.00 [0.22, 0.82] 

Note. Positive emotion was not included in table as it was only measured in one study. Only the 
last name of the primary author and year of publication was included under study name.  
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Table 8 
Sensitivity Analysis for Primary Purpose 

Measure k ES p-
Value 

95% CI 
 [Lb, Ub] 

95 % PI 
[Lb, Ub] Q t2 T I2 

Pos. Affect 10 0.56 0.00 [0.28, 0.84] [-0.42, 1.54] 51.33* 0.16 0.40 82.47 
Vitality 11 0.52 0.00 [0.22, 0.82] [-0.52, 1.56] 65.42* 0.19 0.44 84.71 
Engagement 4 0.30 0.03 [0.02, 0.59] [-0.77, 1.37] 5.25 0.04 0.19 42.90 
Self-Esteem 3 0.45 0.00 [0.22, 0.69] [-1.93, 2.83] 5.27 0.02 0.16 62.05 
Total  
(r = 0.5) 19 0.49 0.00 [0.33, 0.66] [-0.17, 1.15] 68.72* 0.09 0.30 73.81 

          
Pos. Affect 10 0.53 0.00 [0.30, 0.75] [-0.31, 1.37] 166.44* 0.12 0.35 94.59 
Vitality 11 0.48 0.00 [0.20, 0.76] [-0.60, 1.56] 262.65* 0.21 0.46 96.19 
Engagement 4 0.27 0.07 [-0.02, 0.56] [-1.03, 1.57] 20.83* 0.07 0.27 85.60 
Self Esteem 3 0.50 0.00 [0.29, 0.72] [-3.15, 4.15] 22.19* 0.03 0.174 90.99 
Total  
(r = 0.1) 19 0.50 0.00 [0.33, 0.67] [-0.09, 1.09] 42.13* 0.07 0.26 57.28 

          
Pos. Affect 10 0.57 0.00 [0.28, 0.85] [-0.35, 1.49] 31.89* 0.14 0.38 71.78 
Vitality 11 0.53 0.00 [0.22, 0.83] [-0.46, 1.52] 41.61* 0.17 0.41 75.96 
Engagement 4 0.27 0.02 [0.06, 0.61] [-0.39, 1.07] 3.26 0.01 0.08 7.93 
Self Esteem 3 0.41 0.00 [0.19, 0.63] [-1.5, 2.32] 3.00 0.01 0.12 33.29 
Total  
(r = 0.9) 19 0.44 0.00 [0.30, 0.59] [-0.17, 1.06] 238.79* 0.08 0.29 92.46 

Note. k = number of studies; ES = standardized mean difference (Cohen’s d); SE = standard 
error; 95 % CI [Lb, Ub] = lower and upper bounds of the 95% confidence interval; PI [Lb, Ub] 
= lower and upper bounds of the 95% prediction interval; Q = total variance heterogeneity 
statistic; t2 = variance of the true effect size; T = standard deviation of the true effect; I2 = index 
of heterogeneity. Positive Emotion was included in the combined well-being calculations but 
omitted from as only one study used this measure of well-being. 
*p <.05 
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Table 9 
Effect size by Measure and Study for Secondary Purpose 

Measure Study ES 
NOE/Indoor 

Variance 
NOE/Indoor 

p-Value 
NOE/Indoor 

95% CI 
 [Lb, Ub] 

NOE/Indoor 
Pos. Affect     
 Focht, 2009 0.98/0.73 0.04/0.04 0.00/0.00 [0.58, 1.38] / 

[0.36, 1.54] 
 Niedermeier, 

2017 0.15/0.18 0.03/0.02 0.00/0.23 [0.53, 1.22] /  
[-0.12, 0.65]  

 Turner, 2017 -0.35/-0.39 0.05/0.05 0.11/0.08 [-0.78, 0.08] /  
[-0.82, 0.05] 

Total  0.51/0.18 0.12/0.12 0.15/0.60 [-0.18, 1.20] / 
 [-0.50, 0.86] 

Vitality 
 Flowers, 

2018 0.59/0.14 0.08/0.07 0.03/0.58 [0.04, 1.14] /  
[-0.37, 0.65] 

 Focht, 2009 0.96/0.95 0.04/0.04 0.00/0.00 [0.56, 1.36] / 
[0.55, 1.35] 

 Rogerson, 
2016 0.15/0.19 0.04/0.04 0.46/0.36 [-0.25, 0.56] /  

[-0.22, 0.59] 
 Turner, 2017 0.91/0.47 0.06/0.05 0.00/0.04 [0.42, 1.41] / 

[0.03, 0.91] 

Total  0.65/0.45 0.04/0.04 0.00/0.02 [0.26, 1.04] / 
[0.06, 0.84] 

Note. ES = standardized mean difference (Cohen’s d); SE = standard error; 95 % CI [Lb, Ub] = 
lower and upper bounds of the 95% confidence interval.  
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Table 10 
Sensitivity Analysis for Secondary Purpose 

Measure k ES p-
Value 

95% CI 
 [Lb, Ub] 

95 % PI 
[Lb, Ub] Q t2 T I2 

NOE 5 0.53 0.00 [0.28, 0.78] [-0.22, 1.28] 7.52 0.04 0.20 46.83 
Indoor 5 0.28 0.02 [0.04, 0.51] [-0.30, 0.86] 6.28 0.02 0.15 36.29 
Total Between (r = 0.5) 2.08    
     
NOE 5 0.55 0.00 [0.32, 0.79] [0.05, 1.05] 4.52 0.01 0.10 11.53 
Indoor 5 0.25 0.02 [0.03, 0.46] [-0.09, 0.59] 3.80 0.00 0.00 0.00 
Total Between (r = 0.1) 3.54    
     
NOE 5 0.53 0.00 [0.28, 0.78] [-0.46, 1.52] 30.94* 0.08 0.29 87.07 
Indoor 5 0.29 0.02 [0.04, 0.54] [-0.59, 1.17] 24.40* 0.06 0.24 83.61 
Total Between (r = 0.9) 1.74    

Note. k = number of studies; ES = standardized mean difference (Cohen’s d); SE = standard 
error; 95 % CI [Lb, Ub] = lower and upper bounds of the 95% confidence interval; PI [Lb, Ub] 
= lower and upper bounds of the 95% prediction interval; Q = total variance heterogeneity 
statistic; t2 = variance of the true effect size; T = standard deviation of the true effect; I2 = index 
of heterogeneity. *p <. 05 
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Table 11 
Moderator Analyses of Single Covariates 

Covariates k ß p 95% CI 
 [Lb, Ub] Qb/Qw Pb/Pw I2 R2 

Age 13 -0.01 0.45 [-0.03, 0.01] 40.33/32.87 0.00/0.00 66.53 0.08 

Age SD 10 -0.03 0.01 [-0.05, -0.01] 26.6/9.33 0.00/0.31 14.30 0.89 

CERT 19 0.01 0.04 [0.00, 0.02] 68.72/45.05 0.00/0.00 62.26 0.36 

Duration 18 0.00 0.34 [0.00, 0.01] 68.52/68.92 0.00/0.00 75.73 0.00 

NOE type 16 -0.19 0.44 [-0.69, 0.32] 65.96/63.34 0.00/0.00 77.90 0.00 

Ethnicity 4 -0.01 0.30 [-0.05, 0.03] 4.86/2.25 0.18/0.32 11.28 0.71 

Gender 11 0.00 0.39 [-0.01, 0.02] 26.47/19.86 0.00/0.02 54.68 0.17 

Intensity 12 0.15 0.56 [-0.40, 0.71] 48.20/47.38 0.00/0.00 78.89 0.00 

PA type:  
Run 3 -0.27 0.44 [-0.98, 0.45] 68.72/55.60 0.00/0.00 71.22 0.00 

PA type: 
Walk 12 0.07 0.75 [-0.39, 0.54] 68.72/55.60 0.00/0.00 71.22 0.00 

Sample size 18 0.00 0.43 [0.00, 0.00] 65.11/47.61 0.00/0.00 66.39 0.07 

Note. PA = physical activity; Intensity reference group = moderate; PA type reference group = 
other; NOE type reference group= mixed; Ethnicity = percent Caucasian; CERT = percentage of 
complete reporting for PA interventions; k = number of studies; ß = beta coefficient; ß SE= 
standard error beta coefficient; R2 = proportion of the variance explained by the covariate; 95 % 
CI [Lb, Ub] = lower and upper bounds of the 95% confidence interval; Qb = total variance 
heterogeneity statistic between studies; Qw = total variance heterogeneity statistics within studies; 
I2 = index of heterogeneity of included covariates. No data is reported for number of sessions or 
study quality as there was not enough variability within the sample. Only covariates with k ≥ 3 
were included in the moderator analysis. Covariates with with negative R2 values were truncated 
at 0.  
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Table 12 
Moderator Analyses of Grouped Covariates 

Covariates k F df p Qb/Qw Pb/Pw I2 R2 

PA characteristics 12 3.90 4, 7 0.06 48.20/9.51 0.00/0.22 26.38 0.87 

Sample characteristics 8 1.53 3, 4 0.34 21.76/6.90 0.00/0.14 41.99 0.41 

Study characteristics 18 2.36 2, 15 0.13 65.11/38.88 0.00/0.00 61.42 0.24 
Note. k = number of studies; df = degrees of freedom; Qb = total variance heterogeneity statistic 
between studies; Qw = total variance heterogeneity statistics within studies; I2 = index of 
heterogeneity of included covariates; R2 = proportion of the variance explained by the model. 
Envt type was not included in the model of PA characteristics as it was highly correlated (r> 0.8) 
to many of the covariates within the model. Only moderate and self-selected intensity were 
included in the PA characteristics model as k ≥ 3. Reference group for PA characteristics = 
other. Ethnicity was not included in the Sample characteristics model as there were too few 
studies (k=4) for the number of covariates.  
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Table 13 
Subgroup Analyses 

Subgroup k d 95 % CI [Ub,Lb] p 

 
PA Type  
   Walk 
   Run 
   Other 
Total Between 

 
 

11 
3 
5 
19 

 
 

0.55 
0.21 
0.48 

 
 

[0.34, 0.72] 
[-0.28, 0.71] 
[0.16, 0.80] 

 
 

0.00 
0.40 
0.00 
0.47 

 
ENVT Type 
   Mixed 
   Urban Greenspace 
Total Between 

 
 
5 
11 
16 

 
0.62 
0.43 

 
[0.28, 0.95] 
[0.19, 0.67] 

 
 

0.00 
0.00 
0.37 

 
PA Intensity 
   Moderate 
   Self-Selected 
Total Between 

 
 
6 
6 
12 

 
 

0.55 
0.70 

 

 
 

[0.19, 0.92] 
[0.38, 1.02] 

 

 
 

0.00 
0.00 
0.55 

Note. k = number of studies; d = effect size, 95 % CI [Lb, Ub] = lower  
and upper bounds of the 95% confidence interval.  
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Figure 1. PRISMA flow diagram 
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  Figure 2. Forest plot for primary purpose 
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Figure 3. Funnel Plot PA for primary purpose. X axis refers to standardized difference in means 
(Cohen’s d). Y axis refers to standard error (SE) 
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Figure 4. Forest Plot for secondary purpose 
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Figure 5. Funnel plot for secondary purpose. X axis refers to standardized difference in means 
(Cohen’s d). Y axis refers to standard error (SE). 
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Appendix B 

Form 1. Data Extraction Form 

General Information 
 
Column ___: Study ID:   

Column ___: Reviewer ID:  

Column ___: Publication year:  

Column ___: Study title:  

Column ___: Authors:  

Column ___: Citation/DOI:  

Column ___: Journal:  

 
Column ___: Country: (corresponding author location) 

 
Methods 
 
Column ___: Study design: 
 

1. Experiment (Randomized) 
2. Experiment (Non-randomized) 
3. Quasi-experimental (naturally distinct groups ---two workplaces) 
4. Pre-post study 
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5. Unsure/Not stated 
6. Other (please state) 
 

Column ___: Study duration: 
1. Acute 
2. Longitudinal  

 

Allocation: UNCLEAR 
 
Participants 
 
Column ___: Total Number of Intervention Groups: 

 

Intervention characteristics (please highlight or write as appropriate) 
Focus of intervention: (specify type of PA in NOE e.g., walking)  
 
Setting of PA in Natural Outdoor Environment: 
 
Length of intervention:     
 
Number of intervention sessions (frequency):      
 
Duration of each intervention session (duration): 

Intensity of each intervention session (intensity): 

Timing of intervention sessions (e.g., two per week): 

    Unit of 
allocation:
  
      (1) 
Individual   

(2) Group  
   

 

Allocation by: 
(1) Experimenter 

(2) Self-selected 

 

 
Type of allocation: 

(1) Simple 

(2) Block 

(3) Stratified  

(4) Other (specify) 

 Participant characteristics 

	



 

	

81 

 
 
 
CERT assessment form modified from Slade et al. (2016) 
Each item receives one point if “yes” 

  
PA in NOE 

Control 
Group Group 2 

Overall 
if sub-sample 
not reported 

Sample size N (outset) 
     

Sample size N (completion) 
     

Mean age (Mage)  
     

Standard Deviation age 
(SDage) 
 

  
 

 

Sex (1 = yes; 0 = no) 
     

If yes, % females (%) 
     

Ethnicity (1 = yes; 0 = no) 
     

If yes, % Caucasian 
     

Education (1 = yes; 0 = no) 
     

If yes, Educational 
Attainment (modal) 
 0 = less than high school 
 1 = completed high school 
 2 = some college/university 
 3 = completed 
college/university 
 4 = post-secondary 

  

 

 

CERT characteristics 

Exercise Equipment Yes No Not Relevant 
Description of the qualifications, expertise and/or 
training Yes No Not Relevant 

Describe whether exercises are performed 
individually or in a group 

Yes No Not Relevant 

Describe whether exercises are supervised or 
unsupervised; how they are delivered 

Yes No Not Relevant 
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Outcomes 

Detailed description of how adherence to exercise 
is measured and reported 

Yes No Not Relevant 

Detailed description of motivation strategies Yes No Not Relevant 

Detailed description of how the exercise program 
was progressed 

Yes No Not Relevant 

Detailed description of each exercise to enable 
replication 

Yes No Not Relevant 

Detailed description of any home program 
component 

Yes No Not Relevant 

Describe whether there are any non-exercise 
components 

Yes No Not Relevant 

Describe the type and number of adverse events 
that occur during exercise 

Yes No Not Relevant 

Describe the setting in which the exercises are 
performed 

Yes No Not Relevant 

Detailed description of the exercise intervention Yes No Not Relevant 

Describe whether the exercises are generic (one 
size fits all) or tailored 

Yes No Not Relevant 

Detailed description of how exercises are tailored 
to the individual 

Yes No Not Relevant 

Describe the decision rule for determining the 
starting level 

Yes No Not Relevant 

Describe how adherence or fidelity is 
assessed/measured 

Yes No Not Relevant 

Describe the extent to which the intervention was 
delivered as planned 

Yes No Not Relevant 

Well-being (please identify as appropriate) 
Primary or secondary outcome 
 

1. Primary 
0. Secondary 

Marker(s) of well-being measured (Circle all that apply) 
 
1.  Competence    7.  Positive Relationships 13.  Self-acceptance 
2.  Emotional Stability   8.  Resilience   14.  Vitality 
3.  Engagement    9.  Environmental Mastery 15.  Positive Emotion 
4.  Meaning               10. Purpose in Life  16.  Positive Affect 
5.  Optimism               11. Self-esteem  17.  Satisfaction with Life 
6.  Autonomy               12. Personal Growth 
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Results 
 

Unit of measurement for each marker of well-being (name/ description of scale(s) used): 
 
 
 
 

“Validated” measurement tool (Circle all 
that apply) 
 

1. Yes 
0. No 

Items comprising well-being (Circle all that 
apply) 
 

1. Single item measure  
2. Multiple item measure 

 
  Reliability reported  
 

      1.  Yes 
0. No 

NA (single item scales) 
 

Reliability α’s reported (Report all) 
 

 Results (Well-being) 

 Between group differences 

 NOE PA  
 

Control 
 

Group 2 
 ES 

 
Mean 
Diff. 

P-
value 

Test 
statistics 

 M SD M SD M SD  
 

 t F 

Baseline  
         

Time1 
         

Time2 
         

Time3  
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 Between group differences 

 NOE PA  
 

Control 
 

Group 2 
 ES 

 
Mean 
Diff. 

P-
value 

Test 
statistics 

 M SD M SD M SD  
 

 t F 

Baseline  
           

Time1 
           

Time2 
       

 
   

Time3  
           

 Results (Well-being) 

 Between group differences 

 NOE PA  
 

Control 
 

Group 2 
 ES 

 
Mean 
Diff. 

P-
value 

Test 
statistics 

 M SD M SD M SD  
 

 t F 

Baseline  
           

Time1 
           

Time2 
       

 
   

Time3  
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Study Quality  
 
Column ___: Quality Assessment Tool for Quantitative Studies (Effective Public Health 
Practice Project 1998) 

COMPONENT RATINGS  

A)  SELECTION BIAS  

(Q1) Are the individuals selected to participate in the study likely to be representative of the target 
population?  

1. Very likely  
2. Somewhat likely  
3. Not likely  
4. Can’t tell  

(Q2) What percentage of selected individuals agreed to participate?  

1  80 - 100% agreement  

2  60 – 79% agreement  

3  less than 60% agreement  

4  Not applicable  

5  Can’t tell  

B)  STUDY DESIGN  

Indicate the study design  
1  Randomized controlled trial  
2  Controlled clinical trial  
3  Cohort analytic (two group pre + post)  
4  Case-control  
5  Cohort (one group pre + post (before and after))  
6  Interrupted time series  
7  Other specify ____________________________  
8  Can’t tell  

Time1 
           

Time2 
       

 
   

Time3  
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Was the study described as randomized? If NO, go to Component C.  

No Yes  

If Yes, was the method of randomization described? (See dictionary)  

No Yes  

If Yes, was the method appropriate? (See dictionary)  

No Yes  

 

C)CONFOUNDERS  

1. (Q1)  Were there important differences between groups prior to the intervention?  
1. 1  Yes  
2. 2  No  
3. 3  Can’t tell  

The following are examples of confounders:  

4. 1  Race  
5. 2  Sex  
6. 3  Marital status/family  
7. 4  Age  
8. 5  SES (income or class)  
9. 6  Education  
10. 7  Health status  
11. 8  Pre-intervention score on outcome measure  

2. (Q2)  If yes, indicate the percentage of relevant confounders that were controlled (either in the design (e.g. 
stratification, matching) or analysis)?  

1. 1  80 – 100% (most)  
2. 2  60 – 79% (some)  
3. 3  Less than 60% (few or none)  
4. 4  Can’t Tell  

 

4. D)  BLINDING  
1. (Q1)  Was (were) the outcome assessor(s) aware of the intervention or exposure status of participants?  

1. 1  Yes  
2. 2  No  
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3. 3  Can’t tell  
2. (Q2)  Were the study participants aware of the research question?  

1. 1  Yes  
2. 2  No  
3. 3  Can’t tell  

 

5. E)  DATA COLLECTION METHODS  
1. (Q1)  Were data collection tools shown to be valid?  

1. 1  Yes  
2. 2  No  
3. 3  Can’t tell  

2. (Q2)  Were data collection tools shown to be reliable?  
1. 1  Yes  
2. 2  No  
3. 3  Can’t tell  

 

F)  

WITHDRAWALS AND DROP-OUTS  

1. (Q1)  Were withdrawals and drop-outs reported in terms of numbers and/or reasons per group?  
1. 1  Yes  
2. 2  No  
3. 3  Can’t tell  
4. 4  Not Applicable (i.e. one time surveys or interviews)  

2. (Q2)  Indicate the percentage of participants completing the study. (If the percentage differs by groups, record 
the lowest).  

1. 1  80 -100%  
2. 2  60-79%  
3. 3  less than 60%  
4. 4  Can’t tell  
5. 5  Not Applicable (i.e. Retrospective case-control)  
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INTERVENTION INTEGRITY  

1. (Q1)  What percentage of participants received the allocated intervention or 
exposure of interest?  

1. 1  80 -100%  
2. 2  60-79%  
3. 3  less than 60%  
4. 4  Can’t tell  

2. (Q2)  Was the consistency of the intervention measured?  
1. Yes 
2. No 
3. Can’t tell 

3. (Q3) Is it likely that subjects received an unintended intervention (contamination or 
co-intervention) that may influence the results?  

1. Yes 
2. No 
3. Can’t tell 

H) ANALYSES  

1. (Q1)  Indicate the unit of allocation (circle one)  

community  organization/institution  practice/office  individual 

2. (Q2)  Indicate the unit of analysis (circle one)  

community  organization/institution  practice/office  individual 

  (Q3) Are the statistical methods appropriate for the study design?  

1. 1  Yes  
2. 2  No  
3. 3  Can’t tell  

 (Q4) Is the analysis performed by intervention allocation status (i.e. intention to 
treat) rather than the actual intervention received?  

1. 1  Yes  
2. 2  No  
3. 3  Can’t tell  

GLOBAL RATING  

COMPONENT RATINGS  
Please transcribe the information from the gray boxes on pages 1-4 onto this page. See dictionary on how to rate this section.  

A      SELECTION BIAS                             STRONG                          MODERATE                             WEAK  
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                                                         1                                 2                                   3 
B      STUDY   DESIGN                             STRONG                          MODERATE                                  WEAK  

                                                         1                                 2                                   3 
C      CONFOUNDERS                             STRONG                          MODERATE                                  WEAK 

                                                         1                                 2                                   3 
D     BLINDING                                          STRONG                          MODERATE                                  WEAK 

                                                         1                                 2                                   3 
E     DATA COLLECTION METHOD   STRONG                          MODERATE                                  WEAK 
                                                         1                                 2                                   3 
F   WITHDRAWALS AND DROPOUTS  STRONG                          MODERATE                                  WEAK 

                                                         1                                 2                                   3          N/A 

GLOBAL RATING FOR THIS PAPER (circle one):  

1. STRONG (no WEAK ratings) 
2. MODERATE (one WEAK ratings) 
3. WEAK (two or more WEAK ratings) 

With both reviewers discussing the ratings:  

Is there a discrepancy between the two reviewers with respect to the component (A-F) ratings? No Yes  

If yes, indicate the reason for the discrepancy  

1. Oversight  
2. Differences in interpretation of criteria  
3.  Differences in interpretation of study  

Final decision of both reviewers (circle one):1 STRONG 
         2 MODERATE  
        3 WEAK  

Author Conclusion 

Column ___: Based upon the authors conclusions, did PA in NOE increase marker(s) of well-
being? 

 1.Yes 
 0. No 


