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ABSTRACT 

 

 

EFFECTS OF TIME SPENT IN GREEN SPACE ON PRODUCTIVITY  

 

 
Mark Patton                                                                    Advisor: 

University of Guelph, 2021                                             Dr. Tongzhe Li 

  

Previous literature examining green space suggests a connection to productivity 

improvement. The goal of this thesis is to provide an economic assessment of the 

changes produced from exposure to green space in terms of productivity. A field 

experiment was conducted with 225 individuals. All participants performed a 10-minute 

math test, after which they received between-group treatments of a 20-minute either 

walk through green space or urban space, with the control group spending 20-minutes 

inside the experimental station. Participants then completed another math test with the 

difference between the first and second score being used to assess the treatment 

effects. None of the treatments were statistically significant in improving the math 

scores, indicating that a 20-minute green space walk does not translate into productivity 

improvements in this experiment. This study’s results contradict the previous 

psychological and physiological literature surrounding green space highlighting the need 

for more replication studies in the area.
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Chapter 1 Introduction  
 

 Increasing labour productivity is a desired goal that economists, managers, 

CEOs and individuals all share (Isham et al. 2021). However, increasing productivity at 

the individual level has proven to be a complex equation of multiple factors (DiMaria et 

al. 2019). Trying to isolate the key variables in this productivity equation, experimental 

and observational studies have identified the factors of well-being and focus/attention as 

being ways to directly increase productivity (Tella et al. 2003, Benjamin et al. 2012, 

Oswald et al. 2015, Bellet et al. 2019, DiMaria et al. 2019). These studies discovered 

that increasing any of the aforementioned factors, either acutely or long term, results in 

an increase of individual productivity levels. These findings beg the question of how to 

feasibly apply these identified factors in a real-world setting. The identified avenues to 

increasing productivity in the existing literature are noted to be costly, providing 

questions on the net benefits from suggested interventions (Oswald et al. 2015). Thus, 

establishing a low cost and practical method that produces quantifiable results is 

currently needed (Oswald et al. 2015). A potential answer to this question, of how to 

practically induce productivity in a real-world setting, is interaction with green space1.  

The existing literature has identified interaction with green space as a method to 

improve well-being and focus/attention (Hartig et al. 2003, Barton et al. 2009, Ryan et 

al. 2010, Bang et al. 2017, Markevych et al. 2017). Multiple psychological and 

physiological experiments have tested how participants react after walking through 

green space for a range of time, commonly from 5-minutes to over an hour, with the 

 
1 The term “green space” is often used in various contexts. For this study, green space refers to 

areas such as forests, parks, trails and urban forests.  
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consensus being noticeable gains of well-being, attention and focus levels (Markevych 

et al. 2017). A majority of these studies relate back to Attention Restoration Theory 

(ART), a grounded and supported theory in both psychological and physiological green 

space research. ART suggests that green space environments have natural qualities 

about them that let our subconscious mind relax, restoring its ability to focus (Kaplan, 

1995). 

Theoretically, the aforementioned literatures connect walking through green 

space to increasing productivity through the channel of increased well-being and 

focus/attention. However, such link has not yet been directly tested. This project offers a 

thorough test of this connection through an incentive compatible economics experiment. 

This incentive compatible format follows standard experimental economic practices 

designed to replicate real-world scenarios in both laboratory and field settings 

(Fréchette et al. 2021, Voslinsky and Azar, 2021). Combining a between-group 

treatment design varying green space exposure and a within-subject measure of the 

productivity difference before and after the treatment, this experiment offers a 

quantitative measure of the causal relationship between green space exposure and 

productivity change.  

Further motivating studies around green space is how the COVID-19 pandemic 

has put a spotlight onto green spaces and the value they provide to society. A recent 

study by Day (2020) found that the lockdown policies used in March 2020 to restrict the 

population's access to green space in the United Kingdom amounted to a 150 million 

Euro decrease in the public valuation for the green space. These restrictions resulted in 

a decrease in the time spent in green space, with the lower social grade population 
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having distinctly less time both before and after restrictions (Burnett et al. 2021). Having 

an unequal access and distribution of the benefits of green space further increases the 

gap within the social grade population (Markevych et al. 2017). Understanding the value 

that green space can provide, both in economics and health, research conducted in 

these areas is then growing in importance (Day 2020, Burnett et al. 2021). 

The current literature on green space coming from the backgrounds of 

physiology and psychology literature does provide some concern (Bowler et al. 2010, 

Simmons et al. 2011, Ohly et al. 2016, Dreber and Johannesson, 2019, Fréchette et al. 

2021, Snowberg et al. 2021). These studies assess physical and mental changes from 

green space, often in the form of self-reported assessments or blood pressure and 

cortisol concentrations (Bowler et al. 2010, Markevych et al. 2017). The claims from 

these studies are often large, with one study by Villeneuve et al. (2012) citing that green 

space can even reduce mortality. The results however, from some of these green space 

studies have come under question about their statistical significance, applicability, and 

replicability of their findings (Bowler et al. 2010, Ohly et al. 2016). Further putting 

pressure on these studies, is the growing concerns over practices within the 

experimental psychological and physiological field producing false positives and 

instances of “p-hacking” (Simmons et al. 2011, Dreber and Johannesson, 2019, 

Fréchette et al. 2021, Snowberg et al. 2021). These documented concerns further the 

need for robust standardized practices when working in the field of experiments. By 

using standard incentive compatible experimental economic practices this study stands 

to have a high chance of successful replicability, giving credibility to the results (Colin et 

al. 2016).  
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This study draws experimental evidence to test the null hypothesis that 20-

minutes of exposure to either green space or urban roads does not affect individual 

productivity. The experiment was conducted with 225 participants over a two-week 

period with sessions running in the morning, afternoon and evening. Participants arrived 

at either an urban or green space setting, after which they were led to a room with no 

outside viewings. From there they completed a 10-minute math test followed by a 

Rosenberg Self Esteem survey to provide a baseline for both productivity and self-

esteem. By providing baseline marks participants can then be compared to themselves 

on an individual basis, factoring out skill and ability in the math test. After baselines had 

been recorded participants experienced one of two treatments, a 20-minute walk in 

green space or a 20-minute walk in urban space, with the control being 20-minutes 

sitting inside the experimental station. Two treatments were chosen to account for a 

variety of environments that a worker could possibly interact with on a 20-minute break. 

After the treatment participants repeated the 10-minute math game with a new set of 

questions and the Rosenberg Self Esteem Survey, allowing the analysis of differences 

caused from the treatments to be compared to the baseline marks.  

The results from the experiment fail to reject the null hypothesis that exposure to 

green space has no impact on individual productivity. By using a modified Difference-in-

Differences (DID) model the differences in productivity scores between the two 

treatments were found to be statistically insignificant, and did not significantly differ from 

the control group. This indicates that the expected positive effects from green space did 

not take place, as confirmed through the differences in Rosenberg Self Esteem Survey 

scores between the two treatments also being statistically insignificant. This study thus 
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concludes that 20-minutes of green space exposure did not contribute to a measurable 

increase in productivity. Interestingly, this study found that both females and participants 

that were not born in North America performed statistically significantly better in each 

separate math test than their respective counterparts.  

This experimental economics study, failing to reject the null hypothesis, 

contradicts the pertinent literature on green space and provides further questions on the 

results from previous psychological and physiological studies. With published studies 

consistently finding statistically significant effects from time spent in green space on 

productivity there is anecdotal evidence that publication bias may be present within this 

literature towards positive statistically significant results. This theory is supported by the 

growing literature detailing the practices used in the psychology and physiological 

experiments leading to the controversial results (Simmons et al. 2011, Dreber and 

Johannesson, 2019). By having a larger sample size (225) compared to previous 

experiments, diversified sample population (37% non-students), and following strict 

standardized testing methods, this study provides a valid contradiction to the existing 

literature, which warrants further investigation. Being the first to bridge the gap between 

these two fields sets a strong foundation for future analysis in the area. More economic 

analysis is needed to bolster the applicability of findings from psychology and 

physiology experiments with regards to green space (Fréchette et al. 2021). By opening 

the door, future research can build, extend and apply this relationship to the new and 

forthcoming challenges faced in both psychology and economic experimental studies.  

 The remaining structure of the paper will start with Chapter 2 which details the 

literature review. Chapter 3 outlines the conceptual framework including the theory 
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driving this paper, combining both areas of green space and productivity, and then 

describes the experimental design, execution steps, and implementation. Chapter 4 

then discusses the data description and analysis where the data is analyzed through 

Difference-in-Differences regression methods. Tables and graphs are used to visually 

represent the results. Finally, Chapter 5 summarizes the paper and offers future 

research avenues.  

 

Chapter 2 Literature Review  
 

The literature inspiring and motivating this research comes from two separate 

fields. On one side, there have been multiple studies detailing the positive benefits of 

time spent in green space on individuals (Hartig et al. 2003, Barton et al. 2009, Ryan et 

al. 2010, Bang et al. 2017, Markevych et al. 2017). For the purposes of this study, green 

space literature references these experimental and observational studies from both the 

psychological and physiological fields regarding the effects people receive from 

interactions with green space. On the other side, there have been a number of 

economic studies assessing the factors impacting productivity (Howard-Jones and 

Murray 2003, Heckman et al. 2006, Acemoglu and Dell 2010, Oswald et al. 2015, Isham 

et al. 2021). These two separate areas have not yet been thoroughly linked together 

through an incentive compatible economic experiment until this paper, opening up a gap 

to fill. It is this missing link between the two sections of literature that gives this project 

its uniqueness and validates its importance in furthering knowledge in these areas.  

2.1 Attention Restoration Theory (ART) and Well-being Improvement 

 

Green space literature has an abundance of studies documenting people's 

increased attention and overall well-being from targeted exposure (Berman et al. 2008, 
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Barton and Pretty 2010, MacKerron and Mourato 2013, Shanahan et al. 2016, Bang et 

al. 2017, Markevych et al. 2017). Attention restoration theory (ART) was first 

popularized by Kaplan (1995) and motivated new studies exploring this concept and 

proving its validation. This concept of ART assesses how the human brain perceives 

environments, shapes, sounds and colours. The idea behind this is that the brain sub-

consciously relaxes in natural environments allowing it to recharge and be at full 

capacity when leaving the environment. Urban environments, however, would not let the 

brain relax due to the noise, colours and unnatural shapes of buildings. Since 1995 

there has been a general consensus amongst the literature that these effects are true, 

but with questionable significance levels often due to numerous testing methods (Ohly 

et al. 2016). These concerns will be further highlighted and detailed later in the literature 

review.  

More recent studies exploring the effects from green space on attention 

restoration from Berman et al. (2008), Berto (2005), Hartig et al. (2003) and Gidlow et 

al. (2016) have all continued to find similar, positive results. Their results are that 

viewing images of green space, or spending time in green space, can significantly 

restore one's ability to focus and be attentive on a task. This relationship is even 

stronger if evaluated after participants have already depleted their ability to focus 

previously, allowing full restoration to occur (Berto, 2005). With this in mind, this study's 

design of using two productivity tests, one before exposure to green space and one 

after, should maximize the potential attention restoration effects by depleting 

participants' initial attention reserve.  
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Interestingly, the green space literature provides vast differences between study 

methods, something that is noted by Ohly et al. (2016) to be needing uniformity. Some 

studies have measured acute exposure and effects (Hartig 2003, Barton et al. 2009, 

Bang et al. 2017). Others have looked at much longer-term exposure and longitudinal 

data (Hartig 2007, Shanahan et al. 2016, Markevych et al. 2017). These two types of 

studies differ in methods, but both ways of assessment have found positive effects, 

concluding with weekly green space dosage peaking at 120-minutes (Barton and Pretty, 

2010). Current research has noted that it is the acute green space exposure literature 

that specifically needs further attention, a contribution this study will make (Markevych 

et al. 2017).  

The green space literature has used various timeframes within the experiment to 

take measurements and record data (Bowler, 2010, Ohly et al. 2016, Markevych et al. 

2017). The range of the times used to take measurements spans commonly from 5-

minutes to over an hour, with further complications of measurements being taken during 

the treatment and at different times post treatment. This range of data collection time 

periods further isolates the literature by making studies assessing the same outcome 

incomparable as time is an essential factor in all green space studies (Markevych et al. 

2017, Twohig-Bennett and Jones, 2018). The study by Gidlow et al. (2016) is a perfect 

example of the range of when measurements can be taken. This study had 38 

participants walk through both green space and urban settings for 30-minutes and took 

measurements of mood, attention, cognitive function, heart rate and salivary cortisol. 

Assessment methods included Backward Digit Span (BDS) for cognitive function, 

Restoration Outcome Scale for attention restoration and the Profile of Mood States for 
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mood. What is unique about this study is the timing of the measurements. They were 

taken before, immediately after and then 30-minutes after each participant was exposed 

to a green space. The outlier in the literature is the measurement 30-minutes post green 

space exposure. Across the field of green space research there is consistently a gap as 

to how long the positive effects last for and when they peak (Markevych et al. 2017). 

Gidlow et al. (2016) found that at the final measurement, 30-minutes post green space 

exposure, participants had the highest cognitive scores, while other measurements 

peaked immediately after exposure and then maintained to 30-minutes after. In contrast 

Hartig et al. (2003) assessed changes at 20-minutes into a walk and then immediately 

post walk. The results showed a positive change holding constant across these 

timeframes. This result lends to a common theme across similar literature that once 

results appear they tend to last for a significant period of time. However, the amount of 

time that positive effects last for is consistently an area that is noted to need more 

research (Markevych, 2017).    

There is, however, still debate at how much time is needed for effects from green 

space to be produced and at what time these effects peak and then start to diminish 

(Shanahan et al. 2016, Markevych et al. 2017). A study by Hartig et al. (2003) didn’t find 

any effects until 20-minutes into the green space treatment, a study by Berman et al. 

(2008) didn’t measure effects until 50-minutes of exposure and a new study by Mattila 

et al. (2020) found one of the earliest signs of a positive attention restoration response 

at only 5-minutes. These three studies show just a glimpse at the range of time frames 

which have yielded positive results. However, it should be noted that the study by 

Mattila et al. (2020) used a virtual forest environment instead of a real one. This new 
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dimension of virtual restoration through green space is just starting to emerge and 

stands to add to physical green space literature but not replace real interactions. This 

study contributes to the body literature focusing on acute impact, by evaluating the 

impacts of 20-minutes of walking in real green space.  

2.2 Factors and Impacts on Productivity  

 

 The literature regarding productivity focuses on the impacts caused from 

changes in both well-being and attention, tying directly back to the effects of green 

space. Attention and well-being are chosen because of their direct relationship to affect 

productivity as seen through multiple economic studies (Howard-Jones and Murray 

2003, Heckman et al. 2006, Acemoglu and Dell 2010, Oswald et al. 2015, Isham et al. 

2021). Assessing productivity in relation to changing factors is not a new area of 

research with productivity having widely known effects on economic output (Acemoglu 

and Dell, 2010). What is new in this area, is which factors are now being considered 

and researched that might play an integral role in individual productivity. Research done 

by Oswald et al. (2015), Bellet et al. (2019) and DiMaria et al. (2019) have helped 

identify various productivity factors, providing the groundwork for the most recent theory 

of the ‘happy-productive worker’ by Isham et al. (2021). This theory by Isham et al. 

(2021) has furthered solidified the link between happiness, well-being and productivity. 

The literature focusing on the physiological changes is noted to be related to 

productivity contributing to its multifaceted nature (Acemoglu and Dell, 2010). However, 

this is not assessed in this study as it lies outside of the project’s economic scope.  

Happiness has only just started to be connected to economic productivity through 

the research of Oswald et al. (2015). This research was the first to assess this intuitive 
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connection in 2015 through an incentive compatible experimental economic study. To 

date, the study by Oswald et al. (2015) has not yet been replicated. Specifically, Oswald 

et al. (2015) used an incentive based 10-minute math test to extract participants' best 

performance, providing the foundation for the method used in this study. Importantly, 

Oswald et al. (2015) establishes a statistically significant connection between happiness 

and productivity. This connection signifies a strong 12% improvement in productivity 

when subjects' happiness is increased prior to testing. While the study by Oswald et al. 

has limitations such as the length of productivity boost and real-world feasibility, it 

establishes the relationship allowing further research into the area. Having the same 

productivity measurement this study can be viewed as a quasi-replication of Oswald et 

al.’s (2015) study. The meta-analysis by Fréchette et al. (2021) highlights the benefits 

and importance of quasi-replication studies within the overview of experimental 

economics, citing that they provide both robustness on previous results while also 

expanding and furthering new knowledge.  

 Research on happiness and productivity outside of experimental settings has 

also been growing. Studies from Tella et al. (2003), Benjamin et al. (2012), Bellet et al. 

(2019) and DiMaria et al. (2019) have all used survey and longitudinal methods to 

assess factors affecting productivity with similar results. This group of studies all found 

happiness and well-being to be positively linked to worker productivity at various scales. 

On the largest scale DiMaria et al. (2019) analyzed data at the country level, including 

20 different European countries. The results from DiMaria et al. (2019) indicate that 

from the individual level to the firm level, promoting subjective well-being results in 

improved productivity.  



12 

 The factors of focus and attention have historically been more widely studied in 

relation to productivity. The studies by Howard-Jones and Murray (2003), Heckman et 

al. (2006), Banerjee and Mullainathan (2008), Acemoglu and Dell (2010) and Isham et 

al. (2021) have taken a larger societal approach to understanding how focus and 

attention relates to productivity. Specifically, Heckman et al. (2006) utilized robust 

methods in comparing non-cognitive and cognitive abilities in relation to productivity. By 

using data on schooling, employment, work experience, occupational choice, and 

wages based on latent skills Heckman et al. (2006) found that both non-cognitive and 

cognitive abilities played an essential role in relation to productivity and income. While it 

is beneficial to understand the direct relationship between the labour force and Gross 

Domestic Production (GDP) output, there has been limited incentive compatible 

experimental economic analysis of productivity with respect to this area of study. This 

method and area of research is then one that needs additional testing and analysis 

(Isham et al, 2021). By building off Oswald et al. (2015), this study will contribute to this 

field by providing new treatments that have not been used before in testing the factors 

which affect productivity.  

2.3 Concerns in Supporting Literature 

The methods used throughout the literature on green space effects vary 

immensely (Bowler, 2010). Both psychological and physiological measurements have 

been used with different variations of these measurements within these categories. 

Exemplifying the range of methods used, Ohly et al. (2016)’s review of studies testing 

attention restoration theory found 10 different methods consistently used in assessing 

changes in attention. In addition, more methods are also used when assessing changes 
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in mood and well-being (Bowler, 2010). Examples of this are Hartig et al. (2003) using 

the Inventory of Personal Reactions (ZIPERS) and Van den Berg et al. (2014) using the 

Profile of Mood States (POMS-SF) to assess mood change displaying how multiple 

methods are used to assess mood effects. All of these different methods highlight the 

first concern of the green space literature, that is lack of uniformity. 

A second concern is the sample size and demographics. A great deal of studies 

conducted with participants receiving treatments constantly have low sample sizes, with 

less than 30 participants per treatment being common (Markevych, 2017). Furthering 

this concern, a vast majority of the study samples utilized in this field are populated by 

university students, putting the real-world applicability into potential question (Ohly, 

2016). This often holds true for studies that use above average sample sizes such as 

Hartig et al. (2003), Park et al. (2010) and Oswald et al. (2015). Additionally, to achieve 

these higher participant numbers the study time frame for data collection is often long 

enough to put into question the comparability of the participants. Particularly, the studies 

of Park et al. (2010) and Oswald et al. (2015) took 1 year and “a number of years” 

respectively to complete their studies.    

These concerns highlight the potential for there to be a publication bias with the 

green space literature. Objectively assessing the large amount of positive statistically 

significant studies published in contrast to studies with no statistically significant results 

is cause of concern (Bowler 2010, Ohly 2016). Coupling this with the recent criticism of 

the psychology and physiology experimental fields regarding instances of  “p-hacking” 

and the inability to replicate results, this concern should be taken seriously (Simmons et 

al. 2011, Dreber and Johannesson, 2019). It is with these concerns in mind that this 
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study has implemented robust, standardized, and incentive compatible economic 

practices. 

2.4 Contribution to the Literature 

 

 This study stands to provide immense contributions to the literature pertaining to 

green space and experimental economics. By using a larger and diversified sample size 

the results provided exemplify more robust methods then the green space experiments 

commonly seen in the fields of physiology and psychology. As discussed, more robust 

and standardized methods are needed in these fields to give their results more 

credibility. Further contribution is the new link provided to the field of economics. By 

merging these fields this study provides a foundation for more economic studies to test 

and assess results from the fields of psychology and physiology. By conducting 

economic assessments, the results from psychology and physiology studies can stand 

to make a broader policy impact with their results, ultimately furthering their impact. 

 

Chapter 3 Conceptual Framework and Experiment Design 

 
3.1 Conceptual Framework  

 

The theory driving this study builds upon multiple concepts as productivity is a 

multifaceted equation. This theory is directly taken from the Oswald et al. (2015) model 

of assessing happiness in relation to productivity and then connected to back this study. 

Importantly, Oswald et al.’s (2015) model states that, “a positive happiness shock, 

allows the employee to devote more attention and effort to solving problems at work” 

(p.816). This provides support for the theory behind this study as the expectation from 

time spent in green space is an increase in both happiness and attention (Berman et al. 
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2008, MacKerron and Mourato, 2013). Thus, the happiness variable h can also be used 

as a proxy for exposure to green space relating the following functions back to this 

study. It should also be noted that for this study the magnitude of h is expected to be 

bigger than in the Oswald et al. (2015) study. This is due to green space providing both 

happiness and attention, expanding the range of positive impacts on the worker. 

Combining productivity and well-being is now being recognized within the academic 

literature as being a very delicate balance (Ishlam et al. 2021). Factoring into worker 

well-being there are multiple established variables such as physical and mental health 

that are known to directly impact productivity (Ishlam et al. 2021). Interestingly, Ishlam 

et al. (2021) notes that the pursuit of increased productivity can lead to detrimental 

effects to worker well-being and subsequently reduced productivity. The following is 

then the first function in the happiness and production theory.   

1)                         max u(pe + h) + v(1 - e + h) 

In function 1 let u represent the utility from working depending on income and effort, p 

represents the piece-rate level of pay (i.e., per-unit payment depending on the labour 

output), let e represent the effort the employee devotes to solving tasks at work, v 

represents the utility from worrying (i.e., from being distracted) and let h represent both 

a shock to happiness and attention. The assumption in this function is that h is a shift 

variable within the utility function itself rather than an additive part of that function. By 

taking the first order condition with respect to e of this function it transforms into function 

2: 

2)                         u’(pe + h)p - v’(1 - e + h) = 0 
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Where the most efficient use of energy for work (e*) is now dependent on the value of h, 

worker happiness. After taking the second derivative of de*/dh the result is function 3:  

3)                           u’’(pe + h)p - v’’(1 - e + h) 

At this point the two functions can now be manipulated together using substitution. This 

is achieved by substituting p for the ratio of the marginal utilities from working (u) and 

worrying (v) and then rearranging the function to finally get function 42:  

4)                               u’’(⋅)/u’(⋅) - v’’(⋅)/v’(⋅) > 0     

   
This final function states that, “the sign of the comparative static response of work effort, 

e, with respect to the size of the happiness shock, h, is greater than or equal to zero” 

(Oswald et al. 2015; p.818). By having h represent both happiness and exposure to 

green space the function can keep its original format but can increase its original 

economic magnitude. A shock to h in either attention or happiness, will have a positive 

effect on e* increasing worker productivity. While no novel contributions are made to the 

theoretical framework, contributions of this study with regard to the experimental design 

are discussed in the next section.  

3.2 Experiment Design  

 

The study utilizes an incentive-based math test to assess participant’s 

productivity. For each math question participants answered correctly in the 10-minute 

time frame they were paid an additional $0.25 on top of the $10 show up fee. This 

follows Voslinsky and Azar’s (2021) work on incentives to produce the most accurate 

real-world efforts from the participant. It is with confidence from the meta-analysis by 

 
2  u’’(pe + h)/u’(pe + h) - v’’(1 - e + h)/v’(1 - e + h) > 0  
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Levitt and List (2007) that the experimental results can make a concrete contribution to 

the literature. Levitt and List’s study tackles the common problems of subjects knowing 

they are being watched and self-selection bias, providing the same scenarios this study 

will face. Their meta-analysis of experimental studies through applied theory indicates 

that when experimental studies are done correctly the results are real-world applicable. 

Implementations detailed in the experimental design below highlight how steps were 

taken to ensure any potential experimental problems were accounted for.  

The math test required participants to answer as many questions as possible 

within a 10-minute time frame. The math questions consisted of a random configuration 

of five two-digit numbers with the task being to add them together (an example of this is 

shown in Appendix B.2). Additionally, it has been noted in the meta-analysis from Hyde 

et al. (1990) that there was no statistically significant difference between male and 

female abilities in mundane math questions, lending this type of test equal to everyone. 

Following the previous uses of this productivity assessment participants were monetarily 

compensated at $0.25 for each question answered correctly.  

The recruitment of participants was done through various methods to attract a 

large and representative sample size. The FARE Laboratory for Experimental and 

Applied Economics (University of Guelph) has an established participant pool used for 

recruitment to this study. Additionally, this study also used various methods of 

recruitment including Facebook Advertisement, Twitter and Instagram posts. By using a 

variety of methods, the study was able to get a sample size of 225 people that included 

142 university students and 82 non-students. The total participant distribution is located 

in Appendix D.1. 
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Specifically, this study used both a within-subject and between-subject treatment 

design. The within-subjects treatment was conducted by having the participants first 

complete a 10-minute math test as a baseline and then repeat the same 10-minute 

math test with different questions after experiencing one of the three treatments. The 

difference then between the two math test results showed the impact caused from the 

participant experiencing the given treatment. This design was chosen to explicitly 

remove the participants’ level of skill and ability from the equation. The previous studies 

that have used this same 10-minute math test, Niederle and Vesterlund (2007) and 

Oswald et al. (2015), had participants complete the math test only once with treatments 

taking place beforehand. For Niederle and Vesterlund (2007), this was done because 

their experimental goal was not to measure how many math questions participants got 

right but to assess the accompanying incentive option participants chose with the test. 

Oswald et al. 's (2015) goal however was to measure participants' score, they then used 

a GMAT3 style math test afterwards to get a baseline skill level for their participants. 

This method proved effective for Oswald et al. (2015) because all their participants were 

university students with very similar educational backgrounds. This differs greatly to this 

study as the sample population recruitment was open to the public and utilized a much 

broader sample size thus rendering a standardized test less effective.  

For the between-subjects treatment the participants were randomly assigned into 

either one of the two treatments, green space or urban, or into the control (the control 

group is split into green space control and urban control). The green space treatment 

and green space control was held in the University of Guelph Arboretum, specifically in 

 
3 The GMAT math test is a common test designed to assess your content and analytical knowledge 

of  basic math concepts 
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the Arboretum Boardroom. This room had all windows closed and was void of any plant 

life to prevent any additional effects from outdoor viewing or plants (Berto 2005, Doxey 

2009). The University of Guelph Arboretum encompasses 400 acres of green space 

with 12.5 km of walking trails open to the public (The Arboretum, 2021). The walking 

treatment went on a 20-minute walk through various trails in the Arboretum. Different 

routes were used to reduce the noise caused from one specific route having an attribute 

that was unaccounted for, however all routes stayed within the Arboretum providing the 

same amount of green space exposure. The control group did not go for the walk but 

stayed inside the same room that both groups in the green space treatment used for the 

math tests and questionnaire portion of the study for 20-minutes.  

The urban treatment and control groups were based out of the J.D Mclaughlin 

building on the University of Guelph Campus. Two different classrooms were used with 

both rooms having all windows closed and void of any plant life to prevent any 

additional effects from outdoor viewing or plants (Berto 2005, Doxey 2009). The urban 

walk group walked 20-minutes total, going down Gordon Road to the intersection of 

Gordon and Stone Road and then back to the J.D Mclaughlin building. This route 

provided the urban setting for the experiment with Gordon Road being a very busy road 

with traffic and lined with university buildings. The control group did not go for the walk 

but stayed inside the same room that both groups in the urban space used for the math 

tests and questionnaire portion of the study for 20-minutes. 

The time frame target of 20-minutes was based on the literature from Park et al. 

(2009), Barton and Pretty (2010) and Shanahan et al. (2016). These studies detail that 

this level of exposure to greenspace is enough for a significant impact to be made. As 
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well, this level of exposure is also noted by Markevych et al. (2017) to be a further area 

of needed research giving this study more contributions to future research.  

Inspiration was taken from studies done by Hartig et al. (2003), Park et al. (2009) 

and Bang et al. (2017) regarding how best to have participants interact with different 

environments while walking for 20-minutes. Likewise, inspiration was taken from 

Niederle and Vesterlund (2007) and Oswald et al. (2015) on how best to assess 

productivity, using their proven 10-minute math game. It is the combination of these 

studies methods that leads to the foundation of this study. As this study is assessing 

productivity, experimental economic practices were followed in the study design, data 

collection and data analysis providing a robust study foundation (Christensen and 

Miguel 2018, Fréchette et al, 2021).  

3.2.1 Experiment Execution and Justification 

 

 The study design follows the steps outlined in “Steps of Experiment” located in 

Appendix D. Stages 1 and 2 outline the start of the experiment. All subjects were sent 

confirmation emails prior to their specific study date detailing the location they were 

assigned to and directions to get to said location. This aspect plays a key role in 

preventing selection bias as the participants did not know if they were to be attending 

the green space or urban locations upon their initial study sign up. Further randomizing 

the participant distribution, the participants also did not know if they would be 

participating in the 20-minute walk or the 20-minute indoor control until after the first 

math test and Rosenberg Self Esteem Survey. The importance of the Rosenberg Self 

Esteem Survey for this study will be highlighted in stage 3 of the experiment and is 

shown in full detail in Appendix A. 
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As the subjects met at the test location to start the experiment, they were 

assigned an iPad and seat for the study. Each participant was given a piece of paper 

with a number that corresponded to their seat, ensuring they would find the same seat 

after the 20-minute walk. They were then given the opportunity to ask questions 

regarding the experiment. Both test locations were inside and without outdoor viewing 

options to keep participants from any potential outdoor viewing effects (Berto 2005, 

Benfield et al. 2013). Once all participants were seated with their assigned iPads, they 

filled out a consent form to formally begin the study.  

Stage 3 of the experiment was the first round of data collection. Participants 

completed the 10-minute math test to assess productivity and then a Rosenberg Self 

Esteem survey. The Rosenberg Self Esteem Survey is a ten-question survey producing 

a score out of 40 that has been widely used to track well-being and self-esteem 

changes from green space (Hartig et al. 2003, Barton et al. 2009, Ohly et al. 2016). This 

initial survey served as a baseline that tracked the different effects the treatment 

environments had on participants. The survey provided information regarding the 

treatment effectiveness in providing improvements to participant self-esteem. This 

follows the same concept of tracking the effectiveness of treatment impact used by 

Oswald et al. (2015). Oswald et al. noted that subjects who received a treatment to  

increase their happiness but failed to respond to the treatment (i.e., did not get happier) 

subsequently produced outlying productivity results. Ultimately the Rosenberg Self 

Esteem survey serves as a robust method check alongside the 10-minute math test to 

assess participants’ differences between treatments.   
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Stage 4 of the experiment was then specific to each treatment group. The control 

group remained in the test location for 20-minutes, while the other two treatments took 

place in the form of a guided walk in either the urban or green space setting for 20-

minutes. All walks were implemented with all participants in the same session (ranging 

from 1 to 14 participants) with no communication allowed between participants to keep 

consistency throughout sessions. The urban walk took place in the city of Guelph 

residing in Ontario, Canada. More specifically the walk went down Gordon Road starting 

from the J.D Mclaughlin building and proceeding South to the intersection of Stone 

Road and back. This road is busy with traffic and lined with university offices and 

buildings. The reason for adding the urban walk is to further isolate the effect of the 

green space. The green space walk took place in the University of Guelph Arboretum. 

The Arboretum has over 400 acres of various green space and walking trails. The green 

space walking consisted of multiple different routes, but of all similarity in green space 

characteristics. Each route spent the entire 20-minutes within the University of Guelph 

Arboretum receiving the same amount of green space exposure.  

Stages 5 and 6 of the experiment had the walking treatment groups return to the 

test location and resume their previous seats and iPads. After all participants were 

ready, they then repeated the 10-minute math test with different sets of math questions. 

Assessing the productivity test immediately after green space exposure was chosen for 

two reasons: there is more real-world applicability of immediate improvements and there 

is more supporting literature that this is when the biggest improvement is noticeable 

(Markevych et al. 2017). The outlier to this rule is the study done by Gidlow et al. (2016) 

that noted that the biggest cognitive improvements occurred 30-minutes after leaving 
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the restorative environment. Effects from green space post immediate exposure are 

highlighted to be areas needing further research to produce a more valid consensus 

(Markevych et al. 2017). Having already completed the productivity test once, every 

participant will have their own baseline to be compared to during the second round of 

testing. This method removes the participants' ability variable as individuals are only 

compared to themselves. It is then this difference that will be used to critically assess 

the impact had by the different treatments.  

Once the productivity test was done participants then completed the Rosenberg 

Self Esteem survey again. This assessed how participants responded to the different 

treatments as outlined in Stage 3. After the Rosenberg Self Esteem survey was 

completed participants then filled out a standard demographics survey detailing their 

age, sex, education, and income among other variables. Additionally, participants were 

also questioned on how the COVID-19 pandemic had affected their appreciation and 

frequency of visits to green space (see Appendix C).  

 Stage 7 of the experiment had the participants wait in their seats as researchers 

placed their payments in an envelope and brought it to them. Once the participant had 

checked the envelope to ensure it was the correct amount, they signed their name on 

an Excel Sheet and exited the study. Payment was based on a $10 “show up 

compensation” and how many correct answers, $0.25 per question, they got during both 

productivity tests. The mean payment was $17, the minimum was $10.50, and the 

maximum was $27.50 with the study taking an average of 1 to 1.5 hours to complete.  
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3.3 Experiment Implementation  

 

The experimental sessions to collect all data were held from August 20th, 2021 

to September 4th, 2021 (REB# 21-05-005). Experimental sessions ranged from 

including 1 to 14 participants at one time. Session times were completed at 9am, 

11:00am, 12:00pm, 12:30pm, 1:00pm, 4:00pm, 5:00pm, 5:30pm and 6:30pm. The total 

participant distribution and demographic breakdown is located in Appendix D. 

When participants arrived at the test site, they were greeted by a Research 

Assistant who then verified that they had completed the proper COVID-19 screening 

and reminded them of all required COVID-19 protocols. Afterwards they were given a 

piece of paper with a number on it and shown to their seat that corresponded with the 

number they were given. Each seat was spatially distanced containing two pieces of 

blank paper, a pencil, a large divider (so participants could not see other participants' 

paper) and an iPad with the oTree program ready to run (Chen et al. 2016). The seats 

and iPads all corresponded with the numbers participants were originally given. 

Participants were told to not interact with the iPads until all participants arrived, with 

each session waiting at most five minutes for any scheduled participants to arrive, after 

which participants were told to start their iPads and begin the experiment. Participants 

were then informed that each page had clear instructions on it and that they were 

welcome to direct questions to the researchers at any time. To ensure no participant 

used a calculator a researcher proctored the math tests by walking among the 

participants. This was done for every session to make sure no group responded more 

positively to being monitored as outlined in the experiment by Nalbantian and Schotter 

(1997).  
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After all participants completed the first math test and Rosenberg Self Esteem 

Survey, they received a verbal explanation of the next portion of the experiment. If the 

specific session was a control group, they were informed that they were to remain 

seated for the duration (20-minutes) of the timer now shown on their iPad screens. 

Participants were welcome to play on their phones or go to the bathroom but not to talk. 

This was done purposefully to help simulate the time spent on average break with cell 

phone use. If the specific session was a treatment group, green space or urban, they 

were told to bring their numbers originally assigned upon their arrival and meet outside 

of the building to go for the walk. Once outside participants received the following 

instructions: The 20-minute walk was to be done at a slow pace without talking and 

without electronic use to ensure consistency across sessions and they were to follow 

the researcher for the walk. This format follows the same methods used by Hartig et al. 

(2003) to guide participants through both urban and green space settings. The walks 

were recorded via GPS with the shortest walk covering 1.4 km and the longest covering 

1.6 km.  

Once the walk was complete participants were reminded to look at their number 

cards and to sit at the same seat they were assigned to originally. They were then 

offered additional pieces of scrap paper, pencils, water and told that they could start the 

second math test whenever they were ready. As with the first math test researchers 

walked around the room to proctor and make sure no one used a calculator. Once 

everyone had finished the math test and the questionnaire, envelopes were distributed 

containing their total payment, with participants signing their first and last names on an 
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excel sheet to verify the amount. After receiving payment participants exited the study 

and the data from the session was downloaded from oTree concluding the session.  

 

Chapter 4 Data Description and Analysis  

 
 Once the data was collected it was assessed using a linear regression analysis. 

Specifically, a modified Difference-in-Differences (DID) analysis was used. This method 

is highly effective when comparing data comprising before and after an implemented 

treatment (Bishop et al. 2020). Using the control group as a baseline the different 

treatment groups can be directly compared using the modified DID method. Additionally, 

given that the collected data is intuitive in nature, simple before and after treatment 

results, graphs can also be utilized to display results similar to those found in Oswald et 

al. (2015). In total 225 people participated in the study, with 75 in the control treatments 

(combination of urban control 37 and green space control 38), 74 in the urban treatment 

and 76 in the green space treatment4. A detailed table of results, demographic and 

survey data is provided in Appendix D.  

4.1 Demographic Data Description  

 

Of the total participants in the study 120 (54%) were female, 101 (45%) were 

male, and 1 chose not to respond. The average age was 29.1 with a minimum of 18 and 

maximum of 72. Of note, having an average age exceeding the range of 21 to 24 is 

uncommon throughout the experimental economic, psychology and physiological 

literature as the common practice is to use university students (Levitt and List, 2007, 

 
4 Of  the 225 that participated 3 subjects had to be removed from the data analysis. 2 because of an 

iPad malfunction that caused the second math game to only have 8 minutes for completion 
(instead of 10-minutes) and 1 other because of a calculator use. 
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Bowler, 2010, Ohly et al. 2016, Markevych et al. 2017). This study's average age is 

likely due to the number of non-students in this study, 82 (37%) out of the 222. Having 

roughly one third of the study sample being non-students helps diversify the sample 

population, setting this experiment apart from the standard 100% student sample 

(Fréchette 2015). The distribution of income brackets has 125 (56%) participants 

making less than $100,000/year, 54 (24%) participants making more than 

$100,000/year, and 43 (19%) not knowing their income per year.  

 Of particular interest the study attracted a variety of international representation 

with participants originating from North America, Europe, Australia/New Zealand, Asia, 

Africa, South America and 4 not identifying with any of the previous listed. This diversity 

resulted in 55 of the 223 (~25%) participants not originating from the experimental 

region (North America). Further breakdown of all the demographic variables can be 

found in Appendix D where the distributions between the treatments are also displayed. 

4.2 Productivity Score Summary Statistics 

 

  The most pertinent result to this study is the average difference between the first 

and second math game scores relative to each treatment. Visually comparing the 

treatments in Figure 1, an improvement between the first and second math scores in 

each treatment is observed with overlapping confidence intervals. The green space 

treatment had a first score of average of 16.35 and a second score average of 17.63, 

the urban treatment had a first score average of 15.45 and a second score average of 

17.35, and the control group (combination of green space and urban control) had a first 

score average of 14.63 and a second score average of 16.39. Interestingly, the study by 

Oswald et al. (2015) found an average score of just under 20 correct answers, that is 3-
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5 more correct answers than this study. Reasons why this study’s average first score, 

which combining all treatments is an average of 15.4 correct answers, is 5 correct 

answers less than Oswald et al. (2015) is likely due to the Oswald et al. (2015) sample 

being purely composed of university students. Given that this study’s focus is on the 

score difference at the individual level, this disparity between averages is negligible. 

Testing of the effect of being a student is later then directly assessed via linear 

regression. 

 
Figure 1 Average First and Second Math Score  

Each bar represents the average math game score, with score indicating the number of correct math 

questions answered, with a 95% confidence interval. n=222.  

 

By subtracting the second math score from the first math score on an individual 

level, participants' productivity response to the treatments they received was assessed. 

Isolating the average difference between the treatments is shown in Figure 2, with each 

treatment producing statistically indifferent results from one another. The green space 

had an average difference score of 1.28 (95%CI[0.54, 2.02]), urban had 1.90 

(95%CI[1.19, 2.61]), and control had 1.75 (95%CI[1.05, 2.47]). Also presented on the 
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graph is the confidence interval at 95 percent for each treatment, displaying overlapping 

intervals. This result directly contradicts the initial theory of green space being able to 

provide a significant effect on productivity. 

 
Figure 2: Math Score Difference Between Game 1 and 2  

Average score difference between the two math games with a 95% confidence interval. n=222.  

 

A box plot diagram, displaying the minimum, maximum, median, first quartile and 

third quartile in the data set is also used to help show the distribution and outliers in 

each treatment in Figure 3. Within the box plot, the circles are outlying results, the grey 

box is the inter-quartile range, the horizontal lines, known as "whiskers", are 1.5 times 

the inter-quartile range and the black line is the median. Notably, both walking 

treatments have higher maximum second scores in comparison to the other treatments, 

potentially indicating that some participants respond to the walking aspect more than 

others. 
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Figure 3: Boxplot of Math Score Difference Between Treatments  

Comparison of all treatments with box plot. Notable outliers are indicated by circles. The control group 

has 4 standout low outliers, these have been included in all analysis as is standard experimental 

economic practice. n=222. 

 

These results display that the findings from the fields of physiology and 

psychology that are common in the green space literature have not translated into 

improved productivity in this study. The results produced from analyzing the math score 

differences also hold true when looking at the math question attempt differences, shown 

below in Figure 4. This result follows similar literature comparing attempts and accuracy 

with both expected to follow similar trend lines (Hartig et al. 2003, Oswald et al. 2015). 
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Figure 4: Average Question Attempt Difference 

Each bar is the average difference between math game 1 and 2 of the number of questions attempted 

with a 95% confidence interval. Note the similarity between Figure 2 comparing math score differences. 

n=222. 

 

A potential reason for the results not indicating a greater improvement with the 

green space treatment is that the timeframe of 20-minutes for green space exposure 

might not have been enough time for effects to take place. To test this theory the 

Rosenberg Self Esteem Survey was used as a method to track participants' 

psychological levels, both before and after the treatments. This follows a similar 

procedure to the Oswald et al. (2015) study where they put in checks to establish 

treatment effects, finding that those who didn’t respond to the treatment by noting 

improved happiness also did not improve in productivity.  
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Figure 5: Average Difference Between Rosenberg Scores  

Each bar shows the average Rosenberg score difference between the first and second Rosenberg score 

with a 95% confidence interval. n=222.  

 

Figure 5 above illustrates the average Rosenberg Score Difference between the 

treatments. What is important to note from this graph is that there is not a significant 

increase between the first Rosenberg Self Esteem score and the second Rosenberg 

Self Esteem score from the green space treatment. Previous literature has predicted 

that an increase in the Rosenberg Self Esteem score would have occurred after the 

exposure (Hartig et al. 2003, Hartig 2007, Markevych et al. 2017, Mattila et al. 2020). 

Not seeing a greater difference between scores gives validation to the theory that 

participants did not receive any positive effects from walking in green space (Bowler 

2010, Ohly et al. 2017). This is a crucial point of contention with reference to the green 

space literature that did indicate effects from 20-minutes or less of exposure 

(Markevych et al. 2017, Mattila et al. 2020). It should be noted that the work of Bowler 

(2010) and Ohly et al. (2016) indicate the need for more robust methods to encapsulate 

more of the effects generated from green space due to the multitude of available testing 



33 

methods. With the main focus of this study being the economic analysis through 

productivity, the results fail to reject the null hypothesis.  

4.3 Regression Analysis of Math Score Difference 

 To check the robustness of the previous analysis a linear regression method was 

used with a modified Difference-in-Differences (DID) approach. As the second math 

score was subtracted from the first math score within the data set, the regression 

equation requires this interaction term. The modified DID method was chosen due to its 

known effectiveness at comparing data from two different time periods, in this case pre 

and post treatment (Bishop et al. 2020). 

5) Models 1 - 3 

𝑀𝑎𝑡ℎ 𝑆𝑐𝑜𝑟𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑖 = 𝛽01 + 𝛽1 𝐴𝑔𝑒𝑖 + 𝛽2𝐹𝑒𝑚𝑎𝑙𝑒𝑖 + 𝛽3𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑖 +

𝛽4𝑁𝑜𝑟𝑡ℎ 𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑖 + 𝛽5𝑅𝑆𝐷𝑖 +𝛽6𝑇𝑖 + 𝛽7𝑇𝑖  ∗ 𝑅𝑆𝐷𝑖 + 𝑢𝑖 

 

In Equation 5 the dependent variable is the difference between the first and second 

math scores, indicating any change in productivity between treatments. The variable of  

Age is a continuous variable with a full description of its distribution in Appendix Table 

D.2. The variables of Female, Student and North America are indicator variables taking 

the value of 1 if the participant is female, a student or if the participant is from North 

America and 0 otherwise, respectively. 𝑅𝑆𝐷𝑖 represents the Rosenberg Score 

Difference between the first and second Rosenberg Self Esteem score and each model 

uses the Control group5 as the baseline. Representing the treatment each participant 

received is the vector matrix T with the error term being represented by 𝑢𝑖. Each i in the 

model indicates the variable is assessed at the individual participant level. 

 
5 The Control group is a combination of all the participants in Urban Control and Green Space 

Control. 
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Model 1 
Score Diff 

Model 2 
Score Diff 

Model 3 
Score Diff 

Variables Coef Est  SD Coef Est SD Coef SD 

 Urban Treatment   0.13 0.51 0.14 0.50 -0.04 0.51 

 Green Space Treatment -0.48 0.53 -0.62 0.50 -0.61 0.52 

Age   -0.05*** 0.09 -0.05*** 0.01 

Female   -0.67 0.41  -0.74*  0.42 

Rosenberg Score Difference   0.18** 0.08  0.12 0.11 

Student     -0.85** 0.34 -0.84** 0.33 

North America   0.37 0.47 0.37 0.47 

Urban Treatment x Rosenberg Score 

Difference     

 
0.41* 

 
0.23 

Green Space Treatment x Rosenberg 

Score Difference     

 
-0.03 

 
0.18 

(Intercept)       1.76*** 0.36 4.03*** 0.82 4.45***  0.80 

R^2          0.007                  0.08                   0.10 

Significant Levels: *** p < 0.01; ** p < 0.05; * p < 0.10 

Table 1: Math Score Difference  

SD=Standard Error. n=222. 

 

Analyzing the results of the specific treatments, green space and urban, yields no 

statistical significance in relationship to the math score difference in any of the models. 

Supporting the theory behind this study the Rosenberg Score Difference variable was 

statistically significant at the 5% level (Pr(>|t|) = 0.028) indicating that those participants 

that did improve in self-esteem between the two math tests did improve in productivity. 

This aligns with the work done by Oswald et al. (2015) and Isham et al. (2021) 

establishing this relationship between well-being and productivity. To further test this 

relationship Model 3 has an interaction term between the treatments and the Rosenberg 

Score Difference. By interacting the two variables the results display how participants 

responded in the Rosenberg Self Esteem survey in each treatment and isolate these 
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effects. With this interaction, the variable of Rosenberg Score Difference loses its 

significance, but the variables of Female and Urban*Rosenberg Score Difference are 

both significant at the 10% level. Importantly, the variable of Green Space 

Treatment*Rosenberg Score Difference indicates no statistical significance. This result 

confirms that the positive effects expected from the 20-minute walk in green space do 

not translate to productivity as the interaction variable would have isolated this effect.  

Assessing demographic variables, Age is statistically significant at the 1% level 

for Model 2 (Pr(>|t|) = 0.002) and Model 3 (Pr(>|t|) = 0.002). Models 2 and 3 also 

indicate that the Student variable is statistically significant at the 5% level [(Pr(>|t|) = 

0.031) and (Pr(>|t|) = 0.020) respectively]. This variable indicates that students do not 

generally improve between the two math tests compared to non-students. Implications 

of this is that the experiments that routinely only use student samples would likely see 

skewed results towards smaller differences when using baseline testing. This is likely 

why Oswald et al. (2015) recorded higher math scores for their study as university 

students were included exclusively. Fréchette (2015) notes that the impact of using 

students highly depends on the context of the experiment. Fréchette asserts that in 

most cases student studies typically translate into results comparable to the general 

population but can produce different insights. Given that this study is a close quasi-

replicate of Oswald et al. (2015) with data generated from a new and diverse sample 

population this study therefore furthers the knowledge in this area. 

Following Oswald et al. (2015), another regression is run with the dependent 

variable now being the difference between the number of questions attempted between 

math game one and two. This serves as a further robustness check on the results by 
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indicating if there was a typical error made by participants within the math tests. The 

results found in Appendix Table E.1 are consistent with that of Table 1. With regards to 

the Math Score Difference, none of the treatments have any statistically significant 

effect.  

Further investigating the route of the main results, the first and second math 

scores and questions attempted are analyzed. These new models are estimated with 

the dependent variable 𝑌𝑖 representing the First Math Game Score, First Math Game 

Questions Attempted, Second Math Game Score or Second Math Game Questions 

Attempted. 𝑅𝑖 represents either the first or second Rosenberg Self Esteem Score. 

6) Models 4 - 7 

𝑌𝑖 = 𝛽02 + 𝛽8𝐴𝑔𝑒𝑖 + 𝛽9𝐹𝑒𝑚𝑎𝑙𝑒𝑖 + 𝛽10 𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑖 + 𝛽11𝑅𝑖 + 𝛽12 𝑁𝑜𝑟𝑡ℎ 𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑖 

+𝛽13 𝑇𝑖 + 𝑢𝑖 

 

Model 4 

First Score 

Model 5 

First Attempt 

Model 6 

Second Score 

Model 7 

Second Attempt 

Variables Coef SD Coef SD Coef SD Coef SD 

Urban Treatment 0.62 1.04 0.39 1.04 1.02 1.02 0.86 1.02 

Green Space Treatment  1.90* 1.03 1.94* 1.03 1.28 1.01 1.91* 0.91 

Age 0.04 0.04 0.06* 0.04 0.01 0.04 -0.02 0.04 

Female 2.41*** 1.01 2.06** 0.84 1.81** 0.82 1.82** 0.82 

Rosenberg Score 1 0.18* 0.17 0.18* 0.08 NA NA NA NA 

Rosenberg Score 2 NA NA NA NA 0.15 0.08 0.19* 0.08 

Student 0.58 1.27 -0.64 1.13 -1.49** 1.28  1.57 1.16 

North America -2.52*** 0.31 -2.04**  0.31 -2.21**  0.31 -1.91** 0.31 

(Intercept) 9.16** 6.04 11.41** 6.21 14.11*** 6.33  13.92**  6.23 

R^2          0.20                        0.19                    0.08                  0.14 

Significant Levels: *** p < 0.01; ** p < 0.05; * p < 0.10   

Table 2. Basic First and Second Scores and Attempts  

Model 4, 5, 6 and 7 with the difference being the dependent variable in each model as follows: Model 4) 

f irst math game score, 5) first math game question attempt, 6) second math game score, 7) second math 

game question attempt. SD=Standard Error. n=222.   
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 Models 4-7 provide another level of robustness to the study by checking if there 

were any significant variables interacting with the participants before they received a 

treatment (i.e., first math score and questions attempted) or specifically after they 

received the treatment (i.e., second math score and questions attempted). As expected, 

there are similar results when looking at the math score and math questions attempts of 

the same time period. The results indicate that the variables of North America and 

Female are statistically significant between 1-5% between the four models. The finding 

that female participants consistently score ~2 questions more than their male 

counterparts’ contrasts what Oswald et al. (2015) found, where males scored roughly 3 

questions more than females in the same task. Additionally, the variable of North 

America indicates that participants who are not from North America (55 of the 223 

(~25%)) score roughly 2 more questions than their North American counterparts. As this 

experiment uses a modified Difference-in-Differences (DID) model to assess the 

changes on a participant level, having baseline differences between participants is not 

of concern.  

Further testing the results is the use of a standard one-way ANOVA test. The 

ANOVA method, while not commonly used in the economic literature, is very common in 

both the physiological and psychological literature pertaining to experimental data 

(Bowler, 2010, Ohly et al. 2016, Markevych et al. 2017). It is added to this economic 

analysis with the hope that a broader audience can use the results effectively.  The 

ANOVA test produces consistent results from the first model in Table 1 with no 

statistical significance found, which aligns with the results from the DID regression used 

earlier. Importantly the p-values between the two tests are very similar with the ANOVA 
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producing the values of 0.389 and 0.345 for the Urban and Green Space treatments, 

respectively, and the DID producing 0.575 and 0.343 for the Urban and Green Space 

treatments, respectively. The slight difference between the p-values is due to the 

addition of other variables in the DID regression. The results are shown in Table 3. 

Once again, all treatments are statistically insignificant in affecting the outcome between 

the first and second math scores, with the control being used as the baseline. This 

result serves as another robustness check on the treatments in relation to the score 

difference output. It also serves to have a more direct comparison to the physiological 

and psychological experiments of similar design.  

Variable Sum Sq F value Pr(>F) 

Urban Treatment 7.36 0.745 0.389 

Green Space Treatment 6.29 0.894 0.345 

Residuals 2150.5   

Table 3. Basic ANOVA  

Comparison of the Urban and Green Space treatments with the Control treatment as the baseline. n=222. 

 

4.4 Regression Analysis of Rosenberg Self Esteem Scores 

The Rosenberg Self Esteem survey is a common practice within the 

psychological literature to assess changes produced from interactions with green space 

(Hartig 2003, Barton et al. 2009, Bang et al. 2017). The common result from these 

previous assessments is that interactions with green space increase the Rosenberg Self 

Esteem score, thus producing statistically significant positive effects of the Green Space 

Treatment (Hartig 2003, Barton et al. 2009, Bang et al. 2017). However, as seen 

through Figure 5, the change in Rosenberg Self Esteem score was statistically 

insignificant in comparison to the urban and indoor control treatments producing an 

interesting and unexpected result that contradicts the common literature. This result is 
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then further solidified through Equation 7 with the result being shown in Table 4. In 

Equation 7 the variable of 𝜒𝑖 is a vector matrix composing of the variables General 

Health, Physical Health and Mental Health.  

7) Models 8 and 9 

𝑅𝑜𝑠𝑒𝑛𝑏𝑒𝑟𝑔 𝑆𝑐𝑜𝑟𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑖 = 𝛽03 + 𝛽14 𝐴𝑔𝑒𝑖 + 𝛽15𝐹𝑒𝑚𝑎𝑙𝑒𝑖 + 𝛽16 𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑖 +   

𝛽17 𝑁𝑜𝑟𝑡ℎ 𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑖 + 𝛽18𝑀𝑎𝑡ℎ 𝑆𝑐𝑜𝑟𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑖 + 𝛽19 𝜒𝑖+𝛽20𝑇𝑖 + 𝑢𝑖 

 

 
 

Model 8 
Rosenberg Score Diff 

Model 9 
Rosenberg Score Diff 

Variables Coef Est SD Coef Est SD 

 Urban Treatment   -0.48 0.41 -0.44 0.41 

 Green Space Treatment -0.07 0.41 0.02 0.41 

Age   -0.05 0.09 

Female   -0.07 0.41 

Student     0.53* 0.34 

North America   -0.27 0.46 

Math Score Difference   0.11** 0.08 

General Health   0.11 0.23 

Physical Health    -0.13 0.19 

Mental Health   -0.08 0.19 

(Intercept) 0.87*** 0.29 0.80 1.02 

R^2          0.007                  0.08 

Significant Levels: *** p < 0.01; ** p < 0.05; * p < 0.10 

Table 4: Rosenberg Self Esteem Score Difference  

Two models are compared adding demographic variables. SD=standard error. n=222.  

 

The results from Table 4 indicate that neither of the treatments, Urban or Green Space, 

have any statistically significant effect a participant's Rosenberg Self Esteem score. 

What is interesting is the variable of Math Score Difference being statistically significant 

at the 5% level (Pr(>|t|) = 0.035) indicating that those who improved in their score also 

improved in their Rosenberg Self Esteem score. This makes intuitive sense for 
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participants to feel better about themselves after scoring higher on the second-round 

math test. As participants did the math test and then the Rosenberg Self Esteem survey 

the relationship between them cannot be concluded with 100% confidence as causal or 

correlated. That is, concluding that participants who are already feeling better then 

proceed to improve in productivity - or improve in productivity then proceed to feel 

better. Also noticeable is the Student variable being statistically significant at the 10% 

level (Pr(>|t|) = 0.064). This provides further evidence that students can differ from non-

students in experimental settings and that accounting for them is essential. Both Bowler 

(2010), Ohly et al. (2016) and Markevych et al. (2017) all argue for more diversified 

sample populations when testing green space effects, an argument supported with 

these results.  

 Following the same method used earlier, the first and second Rosenberg Self 

Esteem scores are now analyzed to identify any specific pre and post treatment 

variables. Equation 8 was used to generate Table 5 with the variables 𝑀𝑎𝑡ℎ 𝑆𝑐𝑜𝑟𝑒 and 

𝑅𝑜𝑠𝑒𝑛𝑏𝑒𝑟𝑔 𝑆𝑐𝑜𝑟𝑒. Model 10 uses the first Rosenberg Score as the dependent variable 

and Model 11 uses the second Rosenberg Score as the dependent variable. 

Additionally, the variable of 𝜒𝑖is a vector matrix depicting the participants level of 

general, mental and physical health.  

8) Models 10 and 11 

𝑅𝑜𝑠𝑒𝑛𝑏𝑒𝑟𝑔 𝑆𝑐𝑜𝑟𝑒𝑖 = 𝛽04 + 𝛽21𝐴𝑔𝑒𝑖 + 𝛽22𝐹𝑒𝑚𝑎𝑙𝑒𝑖 + 𝛽23𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑖 +   

𝛽24𝑁𝑜𝑟𝑡ℎ 𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑖 + 𝛽25𝑀𝑎𝑡ℎ 𝑆𝑐𝑜𝑟𝑒𝑖 + 𝛽26𝜒𝑖+𝛽27𝑇𝑖 + 𝑢𝑖 
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Model 10 
First Rosenberg 

Model 11 
Second Rosenberg 

Variables Coef SD Coef SD 

 Urban Treatment 1.37*  0.80  0.84 0.82 

Green Space Treatment -0.18 0.81 -0.15 0.83 

Age 0.01 0.19 0.01 0.03 

Female -0.42 0.36 -0.01 0.83 

Student 0.26 0.52 0.76 0.54 

North America 0.24 0.75 -0.03 0.77 

Math Score 1 0.12* 0.05 NA NA 

Math Score 2 NA NA 0.10* 0.05 

General Health 2.01*** 0.45 1.97***  0.46 

Mental Health -0.79**  0.39 -1.03**  0.40 

Physical Health 0.76** 0.37 0.57 0.25 

(Intercept)                 31.49*** 4.37   34.13*** 4.51 

R^2                           0.20 
                                    0.19 

Significant Levels: *** p < 0.01; ** p < 0.05; * p < 0.10 

Table 5: Rosenberg Self Esteem Score 1 and 2  

Comparison of variables that affect the first and second Rosenberg Self Esteem Score. SD=standard 

error. n=222. 

 

The results from Table 5 are consistent with the previous results of the study, 

indicating that neither of the treatments, Green Space or Urban, have any statistically 

significant effect on the Rosenberg Self Esteem scores. Further results indicate the 

variables of General Health, Mental Health and Physical Health all being statistically 

significant at either the 1 or 5% level6. This indicates that the Rosenberg Self Esteem 

survey was effective at accurately capturing participants' self -esteem and well-being. 

 
6 Both the Mental Health and Physical Health variables captured these aspects of well-being from 

March 2020 until the present (i.e. the time-frame of the COVID-19 pandemic and associated 
lockdown restrictions; see Appendix C for questionnaire questions), in contrast to the Rosenberg 
Self  Esteem Survey which captured well-being on the day of the experiment (See Appendix A for 
Rosenberg Self Esteem Survey). 
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The variables of General Health, Mental Health and Physical Health have been routinely 

identified in the psychological and physiological literature as being correlated with self -

esteem and well-being (Berman et al. 2008, Barton and Pretty 2010, MacKerron and 

Mourato 2013, Shanahan et al. 2016, Bang et al. 2017, Markevych et al. 2017). This 

result then provides the evidence that no significant effects were produced from the 

green space treatment as the Rosenberg Self Esteem survey was correctly functioning 

as a method to track changes in self-esteem and well-being.  

Additionally, the variables of Math Score 1 and Math Score 2 also were 

statistically significant at the 10% level. This result follows the same logic with respect to 

the Rosenberg Score difference and the Math Score difference. Interpreting this result 

confirms that there is a relationship between how well participants do on the math score 

and their self-esteem, but this result does not confirm if there is any causation or if this 

is merely correlation. Regardless, this result further provides evidence that the 

experimental parameters and procedures were set up in a way that produced logical 

results, validating the methods and practices used.  

 

Chapter 5 Future Research and Conclusion  

5.1 Conclusion 

 

 This study utilized an incentive compatible economic experiment which took 

place in August to September of 2021 at the University of Guelph. Sessions were 

designed to evaluate how interactions with green and urban spaces would directly affect 

participants' level of productivity. In total 225 participants completed the study 

distributed between the three different treatments of Green Space (76 participants), 

Urban Space (74 participants) and Control (75 participants). The results fail to reject the 
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null hypothesis that 20-minutes spent walking in green space improves productivity 

more than 20-minutes spent walking in an urban environment or spent sedimentary 

inside. Each treatment group saw an average improvement between the first and 

second math test, between 1.28 to 1.90 questions answered correctly. Confirming this 

result, none of the treatments were statistically significant with regards to their influence 

on the math scores before and after treatment. By using the Rosenberg Self Esteem 

survey7 to check the impacts from the exposure to green space, it was seen that no 

noticeable impacts occurred. As the Rosenberg Self Esteem survey scores were 

properly affected by participant’s general, mental, and physical health the results 

indicate that this method was functioning correctly in assessing changes of self -esteem 

and well-being. This then leads to the confirmation that no effects were produced from 

the exposure to green space on the participants.  

 The analysis of the results also indicates statistically significant differences 

between participants in the math test score. While these differences are not of concern 

for this study due to the modified Difference-in-Differences (DID) model used, other 

studies that use one test model should take note. Specifically, it was seen that females 

and participants that identified as being not originally from North America answered 

roughly 2 more questions correctly than their male and North American counterparts, 

respectively. This difference translates into approximately a 13% increase in 

productivity, for both females and participants not originally from North America, 

compared to the average first score. The Oswald et al. (2015) study, that used the same 

10-minute math game, saw a difference of 2 questions answered correctly when 

 
7 The Rosenberg Self Esteem Survey encapsulates changes in well-being and self-esteem using a 

40-point score system.  
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participants received a treatment to increase their happiness, but did not account for 

participants’ originating region.  

With regards to the applications of this research, caution should be used when 

utilizing the literature on green space to inform policy. Evidence is provided throughout 

this study that challenge the findings and practices throughout the prevailing green 

space literature. It is with this evidence that a potential publication bias is suspected for 

statistically significant positive results. This lends the studies within the green space 

literature to facilitate “p-hacking” and poor experimental practices to produce these 

positive statistically significant results (Bowler, 2010, Simmons et al. 2011, Ohly et al. 

2016, Dreber and Johannesson, 2019). As this study has concluded, through a large 

and diverse sample size with robust methods, tangible effects are not produced from an 

acute 20-minute exposure to green space. Thus, studies that claim positive significant 

effects should be viewed with caution and assessed for proper robust experimental 

methods when being utilized to inform policy.  

5.2 Future Research  

 There is evidence from the literature that green space has the potential to create 

positive tangible benefits to society (Bowler, 2010, Ohly et al. 2016, Markevych et al. 

2017). However, more work needs to be done on devising ways to translate these 

benefits from physiological and psychological into real economic values (Markevych et 

al. 2017). This paper directly investigated the relationship between green space 

exposure and productivity. No significant results surfaced from testing this connection 

within the study parameters. By evolving the scope of studies to test different 
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parameters, such as more time spent in green space, future research can continue to 

test and build upon this connection.  

This result brings to light the issues regarding the applicability of physiological 

and psychological changes produced from green space on productivity. The low sample 

sizes, poor statistical analysis, and large variances in methods throughout the 

psychology and physiological literature make interpreting results uneasy (Dreber and 

Johannesson, 2019). There are, however, several avenues for future experimental 

studies to address these concerns and provide robust results. One solution, presented 

by Benjamin et al. (2018) suggests that studies presenting new findings utilize stricter p-

level requirements, for example a p-level of 0.005, suggesting that this will increase the 

credibility of results. This method should not be taken lightly as its application is still be 

contested within the experimental economic literature (Fréchette et al. 2021). 

Replicability is also another method that should be used to increase the confidence 

behind these studies (Christensen and Miguel, 2015). This point directly ties back to the 

concern over multiple methods being used to assess similar effects from exposure to 

green space with the literature. If studies utilized more standardized practices, they 

could then build more quasi-replication studies increasing the trust of outside audiences 

in the results (Fréchette et al. 2021). Studies can also utilize pre-analysis plans to have 

increased confidence in their results as this method limits any potential deviation 

towards “p-hacking” or biased results (Coffman and Niederle, 2015).  

 One of the main areas for future researchers to study is the variable of time. As 

pointed out by Markevych et al. (2017) the previous literature surrounding the effects 

caused from green space is significantly lacking when observing effects caused from 
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acute exposure. This study's 20-minute exposure time furthers our understanding of 

how much time is needed to see noticeable impacts, with 20-minutes found in this study 

to not produce any statistically significant effects. However, as Hartig et al. (2003) 

noted, effects from green space had just started to be noticeable at the 15 to 20-minute 

exposure time with effects growing up to 50-minutes of green space exposure. This 

opens the window for future studies to try longer green space exposure times and 

further investigate any productivity connection. Another avenue for different time 

treatments is to lengthen the time after the exposure before the second math test. An 

example of this potential treatment is the Gidlow et al. (2016) study where the effects of 

green space didn’t fully articulate until 30-minutes post exposure. However, this concept 

comes with two caveats, one being the Gidlow et al. (2016) study is one of the first and 

one of few to assess post treatment effects of that duration, and secondly by waiting to 

assess effects there is a larger window for uncontrolled factors to take ef fect (Fréchette 

et al. 2021). Thus, future studies should be careful when testing this method and should 

document the practices used strictly for future replication (Coffman and Niederle, 2015). 
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Appendix A Rosenberg Self Esteem Survey 

 
Below is a list of statements dealing with your general feelings about yourself. Please 

indicate how strongly you agree or disagree with each statement. 

 

1. On the whole, I am satisfied with myself. 

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 

 

2. At times I think I am no good at all. 

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 
 

3. I feel that I have a number of good qualities. 

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 
 

4. I am able to do things as well as most other people. 

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 
 

5. I feel I do not have much to be proud of. 

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 
 

      6. I certainly feel useless at times.  

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 
 
 7. I feel that I'm a person of worth, at least on an equal plane with others.  

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 
 
      8. I wish I could have more respect for myself.  

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 
 

      9. All in all, I am inclined to feel that I am a failure. 

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 
 

    10. I take a positive attitude toward myself.  

⭘Strongly Agree   ⭘Agree    ⭘Disagree    ⭘Strongly Disagree 
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Appendix B Experiment Interface and Steps 
 

Stage  Urban + Green 

Space Control 

Urban Walk Green Space Walk* 
*Many similar routes  

Time 

1 Meet participants at 
test location and 
assign them to iPad 
and table  

Meet participants at 
test location and 
assign them to iPad 
and table 

Meet participants at 
test location and 
assign them to iPad 
and table 

5’ 

2 Read instructions to 

everyone: ensure 
understanding, 
answer questions, 
sign consent form 

Read instructions to 

everyone: ensure 
understanding, 
answer questions, 
sign consent form 

Read instructions to 

everyone: ensure 
understanding, answer 
questions, sign 
consent form 

5’ 

3 Participants then fill 

out initial survey and 
then math test  

Participants then fill 

out initial survey and 
then math test  

Participants then fill 

initial survey and then 
math test  

20’  

4 Participants are then 
instructed to remain 
in their seats and put 

the iPad down. They 
will wait 20’ minutes  

Participants are then 
instructed to follow a 
researcher on a 

guided walk through 
an urban setting for 
20’ minutes   

Participants are then 
instructed to follow a 
researcher on a 

guided walk through 
the Arboretum for 20’ 
minutes   

15’-
20’ 

5 After prescribed time 
has passed, 

participants are 
instructed to pick up 
their iPads and 
continue the 

experiment 

After walking route is 
completed participants 

are instructed to go 
back to the same 
iPad/table  

After walking route is 
completed participants 

are instructed to go 
back to the same 
iPad/table  

5’ 

6 Participants complete 
the same random 
math test (with new 
questions) and 

survey questions  

Participants complete 
the same random 
math test (with new 
questions) and survey 

questions 

Participants complete 
the same random 
math test (with new 
questions) and survey 

questions 

25’ 

7 Participants will then 
wait for researchers 
to supply payment   

Participants will then 
wait for researchers to 
supply payment 

Participants will then 
wait for researchers to 
supply payment  

5’ 

Appendix Table B.1 Steps of Experiment  

Detailed steps of the experiment execution  
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Appendix B.2 Instructions 

 

Welcome to today's experiment. This is a study funded by various agencies.  

Please follow all COVID-19 health protocols. This experiment will take approximately 75 

minutes and will consist of three stages. You will be paid in CAD for completing this 

study and will have the chance to earn more money based on your performance in the 

math game.  

 

In stage 1 you will complete a math game followed by a short questionnaire. You will 

have 10 minutes to answer as many questions correctly as possible. For each question 

answered correctly you will be paid CAD$0.25 in addition to the CAD$10 show-up 

compensation.  

      

In stage 2 you will have a brief break and receive further instructions from the  

researchers running today's session.  

 

In stage 3 you will complete another 10-minute math game, also receiving payment of 

CAD$0.25 for every correct answer. Afterwards, you will complete a short 

questionnaire. 

       

      You will receive your payment in cash after completing all three stages. 

 

Appendix B.3 Example Math Question  
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Appendix C Questionnaire 

 
1. What is your postal code/zip code of residence? Please put in the first three 

digits only. 

2.   How old are you? 

4.   In what region of the world did you grow up? 

⭘ North America   

⭘ Central/South  

⭘ America Africa  

⭘ Asia           

⭘ Australia/New Zealand  

⭘ Europe  

⭘ Other 

3. What is your sex? 

⭘ Female  

⭘ Male  

⭘ Intersex  

⭘ Choose not to respond 

5. Are you currently a student? 

⭘ Yes   

⭘ No 

6. If you are currently a student, please indicate your field of study: Please leave 

blank if not applicable. 

7. If you are a student, what is your last year of completed study? Please click 'Does 

not apply' if not applicable. 

⭘ 1st year undergraduate  

⭘ 2nd year undergraduate  

⭘ 3rd year undergraduate 

⭘ 4th year undergraduate  

⭘ 5th year undergraduate  

⭘ M.A/M.Sc.  

⭘ Ph.D. 

⭘ Post-doctoral student  

⭘ Does not apply 

8. If you are not currently a student, what is your highest level of education? 

⭘ Primary School  
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⭘ High School  

⭘ Some College/University       

⭘ Undergraduate Degree  

⭘ Graduate or Professional Degree  

⭘ Does not apply 

9. If you are not a student, what is your profession? Please leave blank if not 

applicable. 

10. How many hours do you work each week? 

⭘ Part-time, less than 40 hours per week  

⭘ Full-time, approximately 40 hours per week 

⭘ Full-time, more than 50 hours per week 

⭘ Currently not working 

11. Which income bracket did your household fall into in 2021? 

⭘ Less than $30,000  

⭘ $30,000 to $59,999  

⭘ $60,000 to $99,999  

⭘ $100,000 to $129,999  

⭘ $130,000 to $159,999  

⭘ $160,000 or more  

⭘ Do not know 

12. How has the COVID-19 pandemic affected your mental health? 

⭘ Significantly improved  

⭘ Improved  

⭘ No Influence  

⭘ Worsened     

⭘ Significantly worsened 

13. How has the COVID-19 pandemic affected your physical health? 

⭘ Significantly improved  

⭘ Improved  

⭘ No Influence  

⭘ Worsened 

⭘ Significantly worsened 

14. Your current health in general is? 

⭘ Excellent  

⭘ Very good  

⭘ Good  
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⭘ Poor  

⭘ Very poor 

15. What is the frequency of your visits to green space (i.e., Forests, Parks, Trails, 

Conservation Areas) in the last year? 

⭘ Never   

⭘ Once a year   

 ⭘ Once every three months   

 ⭘ Once a month 

⭘ Two to three times a month   

 ⭘ Once or more per week 

16. What is the average duration of your visits to green space (i.e., Forests, Parks, 

Trails, Conservation Areas)? 

⭘ Less than half an hour   

⭘ Half to one hour   

 ⭘ One to two hours 

 ⭘ Two to three hours   

 ⭘ Three to four hours   

 ⭘ Four or more hours 

17. What is your accessibility to outdoor green space (i.e., Forests, Parks, Trails, 

Conservation Areas)? 

⭘ Requires a vehicle to get access   

⭘ Easy walking distance 

18. How would you describe your area of residence? 

⭘ Urban   

⭘ Suburban   

⭘ Rural 

19. How many days in the last four weeks have you walked for at least 20 minutes? 

20. How many of those days were you walking for the purpose of health or 

recreation, not just to get from place to place? 

21. How has the COVID-19 pandemic changed the amount of time you spend in 

green space (i.e., Forests, Parks, Trails, Conservation Areas)? 

⭘ I spend significantly more time   

 ⭘ I spend more time   

 ⭘ Has not changed 

⭘ I spend less time   

 ⭘ I spend significantly less time 
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22. How has the COVID-19 pandemic changed your desire to spend time in green 

space (i.e., Forests, Parks, Trails, Conservation Areas)? 

 Significantly more desirable 

⭘ More desirable   

⭘ Has not changed   

⭘ Less desirable   

⭘ Significantly less desirable 

23. Below is a text box in which you may enter any comments you wish about the 

experiment. 

 

Appendix D Participant Demographics and Distribution  
 

Time Green Space 
Treatment 

Urban 
Treatment 

Green Space 
Control 

Urban 
Control  

9:00am 11 5 4 4 

11:00am  12   

12:00pm 28 8 3 8 

12:30pm  7   

1:00pm  4  3 

4:00pm  8  9 

5:30pm 37 13 31  

6:00pm  17  37 

Total 76 74 38 37 

Appendix Table D.1 Distribution of Participants Over Time & Treatments 

Total number of participants at each session start time, organized by treatment. n=225.  
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Data Type Green Space 
Treatment 

Urban 
Treatment 

Green Space 
Control 

Urban 
Control  

Total 

Male 38 32 15 16 101 

Female 37 42 20 21 120 

No Response 0 0 1 0 1 

Age Min 18 18 18 18 18 

Age Max 63 69 58 72 72 

Age Average 28.5 29.1 28.9 30.3 29.1 

Student  49 48 19 24 140 

Non-Student 26 26 17 13 82 

Less Than 30,000/yr. 19 30 0 7 56 

Between 30,000/yr. 

and 100,000/yr. 

40 9 10 10 69 

Over 100,000/yr. 16 12 17 9 54 

Did Not Know  0 23 9 7 43 

Appendix Table D.2 Participant Demographics 
Data collected on participants through the questionnaire. N=225. 
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Variable  No. of Observations Mean SD Min Max 

Green Space Treatment: 75     

Math Game 1 Score   16.34 6.67 1 34 

Math Game 1 Question Attempts  19.03 6.76 7 35 

Rosenberg Score 1   30.7 5.23 15 40 

Math Game 2 Score   17.62 6.54 1 36 

Math Game 2 Question Attempts   20.6 6.63 7 42 

Rosenberg Score 2  29.97 5.21 15 40 

Green Space Control: 36     

Math Game 1 Score   15.41 6.29 3 28 

Math Game 1 Question Attempts  18.30 5.45 8 33 

Rosenberg Score 1  29.3 4.80 19 36 

Math Game 2 Score   17.1 5.87 3 29 

Math Game 2 Question Attempts   19.94 5.04 8 31 

Rosenberg Score 2  30.1 5.13 20 40 

Urban Treatment:  74     

Math Game 1 Score   15.41 6.34 2 34 

Math Game 1 Question Attempts  18.01 6.45 6 36 

Rosenberg Score 1   31.43 4.48 18 40 

Math Game 2 Score   17.35 6.29 6 37 

Math Game 2 Question Attempts   20.01 6.35 7 39 

Rosenberg Score 2  31.82 4.83 17 40 

Urban Control: 38     

Math Game 1 Score   13.84 5.45 5 32 

Math Game 1 Question Attempts  16.32 5.62 7 33 

Rosenberg Score 1   31.01 5.57 21 40 

Math Game 2 Score   16.62 5.44 5 33 

Math Game 2 Question Attempts   17.72 5.27 7 35 

Rosenberg Score 2  31.02 5.28 21 40 

Appendix Table D.3 Math & Rosenberg Scores 

Scores and attempts for Math game 1 and 2, alongside Rosenberg scores. Broken down by treatment. 
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Variable  

 
Description  

Corresponding 
Questionnaire Question 

Desire For Green Space Ordinal  22 

Time In Green Space Ordinal  21 

Walking For Purpose Discrete 20 

Time Spent Walking Discrete 19 

Residence Categorical  18 

Access To Green Space Categorical  17 

Duration Of Green Space Visits Ordinal  16 

Green Space Visit Frequency Ordinal  15 

General Health Ordinal  14 

Physical Health Ordinal  13 

Mental Health Ordinal  12 

Income Ordinal 11 

Hours Working Per Week Ordinal 10 

Education Level Ordinal 8 

Student Year Ordinal 7 

Student  Binary (0=non-student, 1=student) 5 

Region 

Binary (0=non-North American, 1=North 

American   

4 

Gender Binary (0=male, 1=female) 3 

Age Discrete  2 

Appendix Table D.4 Regression Variable Description 

Each variable name is indicated on the left column with the corresponding questionnaire question where 

its data came from on the right. Questionnaire questions that recorded qualitative data were not used.    
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Appendix E Supplementary Regression Tables  
 

9) Models 13 - 15 

𝑄𝑢𝑒𝑠𝑡𝑖𝑜𝑛 𝐴𝑡𝑡𝑒𝑚𝑝𝑡 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑖 = 𝛽05 + 𝛽28𝐴𝑔𝑒𝑖 + 𝛽29𝐹𝑒𝑚𝑎𝑙𝑒𝑖 +

 𝛽30𝑁𝑜𝑟𝑡ℎ 𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑖  + 𝛽31𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑖 +  𝛽32𝑅𝑆𝐷𝑖 + 𝛽33𝑇𝑖+𝛽34𝑇𝑖 ∗ 𝑅𝑆𝐷𝑖 + 𝑢𝑖 

 
 

Model 13 
Attempt Diff 

Model 14 
Attempt Diff 

Model 15 
Attempt Diff 

Variables Coef Est SD Coef Est SD Coef Est SD 

Urban Treatment   0.45 0.44 0.44 0.44 0.39 0.45 

Green Space Treatment 0.01 0.44 -0.04 0.44 0.02 0.46 

Age   -0.02 0.01 -0.02 0.01 

Female   -0.41 0.36  -0.41  0.42 

Rosenberg Score Difference   -0.01 0.08  0.12 0.11 

Student     0.17 0.30 0.18 0.30 

North America   0.09 0.42 0.10 0.42 

Urban Treatment x Rosenberg 

Difference     

 
0.12 

 
0.20 

Green Space Treatment x 

Rosenberg Difference     

 
-0.08 

 
0.16 

(Intercept)               1.52*** 0.31 2.39*** 0.73 2.43***  0.73 

R^2          0.006                  0.03 
                  0.03 

Significant Levels: *** p < 0.01; ** p < 0.05; * p < 0.10 

Appendix E Table 1 - Math Test Question Attempt Difference 

Regression on the difference of math questions attempted between the first and second math test.  
n=222.  

 

 

 

 

 

 

 

 

 

 


