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Abstract 16 

Here we investigate whether perceived biodiversity is linked to emotional wellbeing, taking 17 

into account the individual level of connection to nature, and whether such relationship is 18 

mediated by perceived restorativeness. We exposed participants to urban trails of different 19 

biodiversity levels and analysed the data using linear mixed-effects and structural equation 20 

models. Our results show that animal diversity and nature relatedness are positively linked to 21 

perceived restorativeness that, in turn, increases positive affect and decreases negative affect; 22 

thus suggesting that restoration mediates the effect of biodiversity on emotional wellbeing. 23 

We also found walk duration is linked to increased positive affect and reduced negative affect 24 

while crowdedness level in the trail has the opposite effect. Our results show an important 25 

link between urban biodiversity conservation and public mental health. 26 

Keywords: ecosystem services; urban parks; subjective wellbeing; environmental 27 

psychology; Stress Reduction Theory; Attention Restoration Theory   28 



1. Introduction 29 

Exposure to natural environments has been shown to promote wellbeing, amongst other 30 

benefits (Hartig et al., 2003; Lee et al., 2011; Marselle et al., 2015; Park et al., 2007). For 31 

instance, a study in Japan demonstrated that positive psychological wellbeing is significantly 32 

higher after walking in the forest than in the urban environments (Takayama et al., 2014) and 33 

exposure to natural environments as compared to urban/built environments associates with an 34 

increased positive emotion, cognition ability, and physical health (Bowler et al., 2010). In the 35 

long run, residential exposure to nature is known to associate with better psychological 36 

(Nutsford et al., 2016; Reklaitiene et al., 2014), mental (van den Berg et al., 2010), and 37 

physical health (Wang et al., 2017).  38 

Several theories have been proposed to explain the mechanisms by which nature exposure 39 

contributes to mental wellbeing. The Stress Reduction Theory (SRT) proposes that exposure 40 

to natural environments aids stress recovery and evokes positive emotional responses (Ulrich, 41 

1981). Lower stress levels are manifested as enhanced levels of positive affect, reduced levels 42 

of negative affect, and thus improves emotional, physiological, and cognitive functioning. 43 

Ulrich, (1983) further contended that perceiving particular environmental features and 44 

qualities, such as vegetation and water and richness complexity (e.g. biodiversity level), can 45 

benefit the psychophysiological stress recovery and, elicit an increase in positive affect and a 46 

decrease in negative affect. . 47 

Another of such mechanisms is through perceived restorativeness, based on the Attention 48 

Restoration Theory ( ART, Kaplan and Kaplan, 1989). The ART puts forth that being in 49 

nature help restore one’s capacity to concentrate by engaging one’s involuntary attention, 50 

resulting in improved cognitive functioning. The ART also posits that natural environments 51 

have higher restorative qualities than built environments (Kaplan, 1995), which can be 52 



measured using reliable self-report scales, such as the Perceived Restorativeness Scale (PRS) 53 

(Hartig et al., 1997).  54 

1.1. Biodiversity and wellbeing 55 

While research has found that actual biodiversity (measured as species richness in an 56 

environment as determined by experts) is positively associated with wellbeing, other studies 57 

unveiled inconsistencies in such relationships. Fuller et al., (2007) found that psychological 58 

wellbeing (measured by self-reported reflection, distinct identity, continuity with past and 59 

attachment) benefits gained by individuals exposed to green spaces increased with higher 60 

actual plant and bird diversity separately. Similarly, Wolf et al., (2017) discovered that 61 

exposure to higher levels of actual tree and bird diversity individually led to an increase in 62 

mental wellbeing (as measured by self-reported positive and negative affect and vitality) and 63 

lower anxiety. However, Dallimer et al., (2012) found that psychological wellbeing 64 

(measured by self-reported reflection, contemplation, emotional attachment and personal 65 

identity) increased with higher actual bird diversity, decreased with higher actual plant/tree 66 

diversity, and was unrelated to actual butterfly diversity.  67 

In contrast, perceived biodiversity (the number of species each participant notices or 68 

encounters) has been more consistently shown to be positively associated with wellbeing. 69 

Again Dallimer et al., (2012) demonstrated that higher perceived bird, butterfly, plant/tree 70 

diversity led to greater psychological wellbeing. As compared to the inconsistent results 71 

reported using actual biodiveristy, the  potential reason lies in individuals varying in their 72 

ability to distinguish species of animals or plants. In other words, some participants could not 73 

detect (or perceive) the actual level of species richness in a greenspace. To substantiate such 74 

an argument, Dallimer et al., (2012) discovered no consistent positive associations between 75 

actual and perceived levels of biodiversity for their participants. Similarly, White et al., 76 

(2017) found that greater perceived biodiversity was associated with an increase in mood and 77 



recovery while Dallimer et al., (2012) demonstrated that higher perceived bird, butterfly, 78 

plant/tree biodiversity led to greater psychological wellbeing. Similarly, Cameron et al., 79 

(2020) reported that more positive mental health outcomes were reported when participants 80 

perceived greater avian diversity. In addition, perceived biodiversity was also found to 81 

improve wellbeing of greenspace visitors, including their stress, mood, concentration, and 82 

self-esteem levels (Schebella et al., 2019). 83 

1.2. Emotional wellbeing 84 

The emotional aspect of wellbeing, or mood, has been shown to improve with nature 85 

exposure (i.e. Bratman et al., 2015; Mayer et al., 2009; Schebella et al., 2019). Many studies 86 

have assessed mood as a uni-dimensional measure such that it ranges from worst to best, or 87 

poor to good (Clark and Watson, 1988). However, more recent research assess mood as 88 

comprising of separate affectivities: positive and negative. Although the terms positive and 89 

negative might suggest opposing affectivities, they are not necessarily a function of each 90 

other or binary. For example, negative affect is related to stress and coping strategies (Goh et 91 

al., 2012, 2010), while positive affect – but not negative affect – is related to social 92 

interactions (Clark and Watson, 1988). The self-reported Positive and Negative Affect 93 

Schedule (PANAS) (Watson et al., 1988b) has been shown to be stable and consistent 94 

measure that can reliably assess both constituents of mood.  95 

1.3. Biodiversity, emotional wellbeing, and the role of restorativeness 96 

While restorativeness is a plausible mechanism by which nature exposure improves 97 

wellbeing based on ART, only a few studies have investigated the relationship between 98 

biodiversity and perceived restorativeness. Carrus et al., (2015) and Wood et al., (2018) 99 

found that greater actual biodiversity led to increased ratings of the perceived restorative 100 

properties of the environment. Similarly, Scopelliti et al., (2012) found positive associations 101 



between actual biodiversity and the level of perceived restorativeness measured by PRS. 102 

Contrarily, Peschardt and Stigsdotter, (2013) concluded that actual plant and animal diversity 103 

were only positively related to the restorative quality of coherence component in the PRS. To 104 

our knowledge, only one study examined the relationship between perceived biodiversity and 105 

perceived restorativeness. Marselle et al., (2016) found greater bird diversity led to an 106 

increase in perceived restorativeness, which in turn was correlated with greater positive affect 107 

and lower negative affect.  108 

While the link between perceived biodiversity and perceived restorativeness is poorly 109 

resolved, the effect of perceived restorativeness on emotional wellbeing is well-established. 110 

Studies suggest that perceived restorativeness could serve as mediator of the relationship 111 

between perceived biodiversity and emotional wellbeing (Carrus et al., 2017; Hartig et al., 112 

1997; Korpela et al., 2014; Marselle et al., 2016, 2015). Despite the appeal of this hypothesis, 113 

there is a paucity of research in this area. A few studies have explored the relationship of 114 

nature and emotional wellbeing through perceived restorativeness using the general construct 115 

of ‘nature’ (Martínez-Soto et al., 2014), while other studies examined different specific 116 

features of nature rather than perceived biodiversity (e.g. actual biodiversity, perceived 117 

greenness) (Carrus et al., 2015; Hipp et al., 2016). 118 

1.4. Nature relatedness  119 

Though the impacts of nature exposure on wellbeing is well-documented, the magnitude of 120 

impact might depend on individual differences in their nature relatedness. For example 121 

people who are more perceptive to natural beauty scored higher in pro-sociality tasks after 122 

viewing pictures of natural landscapes (Zhang et al., 2014). In another example, 123 

connectedness to nature mediates the positive effects of nature exposure on mood (Mayer et 124 

al., 2009). Connection to nature could therefore be important in explaining the variation in 125 



individual response to nature exposure. The inclusion of connection to nature in linking 126 

nature exposure with wellbeing in an experimental study has however been limited.  127 

1.5. Study aims  128 

These research gaps lead to the objectives and research questions of this study. Firstly, we 129 

aim to investigate the effect of the level of perceived animal and plant diversity of an 130 

environment on emotional wellbeing after an outdoor individual walk. Secondly, we 131 

examined whether perceived restorativeness of an environment mediates the relationship 132 

between perceived animal and plant diversity levels and positive and negative affects 133 

following an outdoor individual walk. In all analyses, we included the subjective level of 134 

nature connection to account for the individual differences in perceptiveness to the impact of 135 

nature exposure. The Stress Reduction Theory (SRT) and the Attention Restoration Theory 136 

(ART) are used to form the basis of our study’s predictions. To our knowledge, these 137 

research gaps have only been addressed in Marselle et al., (2015) but using a group walk 138 

experimental design. In this study, we conducted individual walks to eliminate the impact of 139 

socialization on changes in emotional wellbeing.  140 

2. Materials and methods 141 

2.1. Ethics Statement. This study was approved by the Institutional Review Board of the 142 

University. 143 

2.2. Participants 144 

We recruited undergraduate students at the University via online research recruitment 145 

platforms. We also advertised the research at lectures and posted posters at the hallway of the 146 

Department of Biological Sciences. Students were asked to pass the invitation to participate 147 

only to their fellow students to control for age and educational level in the study design. A 148 

total of 182 students participated in our research including seven students that failed to follow 149 



the stipulated path and one student that failed to finish the pre-walk survey. In both cases 150 

these observations were excluded, resulting in 174 students in the final dataset. All students 151 

were rewarded financially or with research points for 33 students from the Department of 152 

Psychology. As part of ethical clearance, participants were informed that this research was 153 

“to understand public preference for urban green spaces as well as the psychological impacts 154 

of nature exposure” and no further information about the research questions was provided 155 

before and during the experiment. 156 

2.3. Study locations and instructions for walks  157 

A total of nine trips were conducted on weekday mornings between September 2019 and 158 

February 2020. On each trip, each participant was randomly assigned to one of eight trails in 159 

either the Windsor Nature Park site or the Singapore Botanic Gardens site. These trails 160 

consisted of one trail that cut through a primary forest, three trails that cut through secondary 161 

forest, two trails within manicured urban parks, and two trails in urban areas nearby the 162 

greenspace sites (Fig. 1). Two-way transportation was provided between the University 163 

campus and the study sites. Due to logistical constraints, each trip was conducted at either the 164 

Windsor Nature Park site (n = 121) or the Singapore Botanic Gardens site (n = 61).  165 

On arriving at the site, participants completed the online pre-survey using their smartphones.   166 

Participants were then led by a researcher to the start of their respective trails, all of which 167 

were loops and between 600 m-1 km. They were instructed to complete the walk individually 168 

in at least 20 minutes. Participants were not given an upper limit of time to complete the walk 169 

but knew that the bus was to return to campus 1.5-2 hours from the start of the walk. 170 

Participants assigned to the same trail started at one-minute intervals to eliminate the 171 

influence of socialization amongst participants on their wellbeing. Participants were told to 172 

take the walk at their own pace and observe their surroundings, but no specific instructions 173 

were given to minimize a priming effect. As such, biodiversity sightings were based on what 174 



they recalled of the walk. After the walk, participants were then instructed to complete the 175 

online post-survey using their smartphones at the starting point of their respective trails.  176 

To prevent participants from straying from their instructed trail, we marked the trail with 177 

colored ribbons at intersections and provided each participant with a map (Supporting 178 

information B4 and B5). Participants were asked to take a picture of a landmark on the trail 179 

as evidence that they walked the correct trail. 180 

2.4. Measures 181 

The Positive and Negative Affect Schedule (PANAS) (Watson et al., 1988b) was 182 

administered to measure participants’ positive and negative affect with moment (how they felt 183 

in the present moment) as time instruction. The scale was administered before and after the 184 

walk to capture changes in participants’ positive and negative affect as a result of the walk. 185 

The scale comprises of 10 statements each for positive (e.g. interested, excited) and negative 186 

(e.g. upset, nervous) affects. Participants rated the extent they felt each emotion on a 5-point 187 

Likert scale (1 = very slightly or not at all, 5 = extremely). Separate analyses were conducted 188 

for positive and negative affect (see statistical analysis section) on the changes in the average 189 

score of each affect between post- and pre-walk. 190 

The Perceived Restorativeness Scale (PRS) (Hartig et al., 1997) was administered only after 191 

the walk to assess the perceived restorativeness of the environment during the walk. 192 

Participants were asked to rate how much each of the 26 positively- and negatively-worded 193 

statements applied to them on a 7-point Likert scale (1 = not at all, 7 = completely). Analyses 194 

were conducted using the average score of the 26 items. 195 

A one-way analysis of variance was calculated to detect differences between groups at the 196 

beginning of the experiment, i.e. whether the pre-walk positive and negative affect were 197 



statistically different between the trails. The reliabilities of these measures (affects and PRS) 198 

were assessed using the Cronbach’s α using package psych (Revelle, 2014) in R. 199 

2.5. Statistical analyses  200 

2.5.1. Nature exposure impact on wellbeing 201 

To investigate which characteristics of the walk experience impacted emotional wellbeing, 202 

we conducted linear mixed-effect modelling following the gain-score approach which has 203 

been proposed to prevent a regression artifact (Eriksson and Häggström, 2014; Farmus et al., 204 

2019). In each analysis, the outcome variable was the difference between the average score of 205 

the positive and negative affect reported after and before the walk.  206 

Explanatory variables included perceived animal diversity and abundance, perceived plant 207 

diversity and abundance with statements adapted from Fuller et al., (2007), nature relatedness 208 

score (Nisbet et al., 2009) and PRS score. For animals, the participants recalled and estimated 209 

the number of species and number of individuals they saw during the walk separately for 210 

mammals, birds, lizards/snakes/frogs, butterflies/moths, dragonflies/damselflies, and other 211 

animals by selecting from one of the nine options (0, 1, 2, 3, between 4-6, 7-10, 11-20, 21-30, 212 

more than 30). Similarly, they recalled and estimated the number of plant species separately 213 

for each group: trees, plants that grow on others, and shrubs/herbs by selecting from one of 214 

the five options (0, 1-10, 11-20, 21-30, more than 30). For plant abundance, the options were: 215 

fewer than 20, 21-50, 51-100, 101-500, and >500 plant individuals. These options were 216 

converted into numeric values (e.g. for plant abundance, fewer than 20 individuals was coded 217 

as 1, 21-50 individuals as 2, 51-100 individuals as 3, 101-500 individuals as 4, and >500 218 

individuals as 5)  and the average of these numeric values were used in the analysis. For 219 

nature relatedness, the averaged score from participants’ answers to the six statements of the 220 

brief nature relatedness (NR) scale (Nisbet and Zelenski, 2013) was used in the analysis.  221 



As confounding variables, we measured walk duration (in minutes, recorded by researchers) 222 

and crowdedness level. For crowdedness level, participants recalled how many people they 223 

saw during the walk from seven options (<3, 3-5, 6-10, 11-25, 26-40, 41-60, >60). This 224 

variable was included as crowding can increase stress and cognitive fatigue (Arnberger and 225 

Eder, 2015), thereby may impact restorativeness according to the ART. In addition, 226 

participants also provided demographic data before the walk (e.g. gender, ethnicity) to ensure 227 

the balanced distribution of such variables across the trails. Saw et al., (2015) found that 228 

extraversion is related to subjective wellbeing in Singapore students; therefore we also 229 

collected data on the extraversion personality using statements from Gosling et al., (2003) 230 

before the walk. Possible differences between the groups to different trails on demographics 231 

and extraversion personality were examined using chi-square and one-way ANOVA. 232 

Model selection was conducted following the Information Theoretic approach (Burnham and 233 

Anderson, 2002). Model subsets were automated using the dredge function in R package 234 

MuMIn (Barton and Barton, 2015) with NR score present in the fixed component in all 235 

subsets. Fixed effects that were correlated (Pearson correlation r > 0.2) were not included in 236 

the same model to prevent multicollinearity. As a result, variables in the following pairs were 237 

not present in the same model subset: animal diversity and animal abundance, plant diversity 238 

and plant abundance, animal abundance and plant abundance. Random effects included NR 239 

score as the random slope and trail as the random intercept. The random intercept was meant 240 

to account for non-independence due to individuals walking the same trail. The random slope 241 

was meant to allow individuals assigned to the different trail to have difference in the 242 

relationship between their NR level and response variable. We fit random slope and intercept 243 

as this practice is recommended when employing the information theoretic approach on 244 

hierarchical study designs (Grueber et al., 2011). Model selection was based on the Akaike 245 

information criterion. All mixed-effects models were fitted using R with the package lme4 246 



with lmerControl function to enable fitting models with both random slope and intercept 247 

(Bates et al., 2012). Following the recommended procedure in Grueber et al., (2011), we 248 

estimated the regression coefficients from the top 2AICc of models using the zero method (or 249 

full averaging, Barton and Barton, (2015)). To assess whether the analysis achieved adequate 250 

statistical power, we performed the post-hoc power analysis using the R package SIMR 251 

(Green and MacLeod, 2016) on the best fitting model (lowest AIC). 252 

2.5.2. Nature exposure impact on restoration 253 

We also conducted linear mixed-effect modelling to investigate which characteristics of the 254 

walk experience impacted the restorativeness level in walkers. The outcome variable was the 255 

average perceived restorativeness score. Explanatory variables included characteristics of the 256 

trail (animal diversity, animal abundance, plant diversity, plant abundance, crowdedness 257 

level), level of walkers’ connection to nature (NR score), and walk duration. Similar to the 258 

analysis on wellbeing (positive and negative affect), we conducted model selection following 259 

the Information Theoretic approach and the post-hoc power analysis using the R package 260 

SIMR (Green and MacLeod, 2016) on the best fitting model. 261 

Since this analysis showed that animal diversity positively correlated with restorativeness 262 

(see results section), we further conducted additional post-hoc analyses in which the 263 

composite index of animal diversity and abundance was replaced with their components. 264 

These components are the respectively reported diversity and abundance of (1) mammals, (2) 265 

birds, (3) butterflies, (4) reptiles and amphibians, (5) dragonflies and damselflies, and (6) 266 

other animals (such as other insects and fishes) (see supporting information 2 for details).  267 

2.5.3. Mediation effect of restorativeness on subjective wellbeing 268 

We hypothesized that restorativeness had a mediating effect on the relationship between trail 269 

characteristics, walk experience, and walkers’ characteristics (e.g. NR) and positive and 270 



negative affect. To do so, we performed confirmatory path analysis using piecewise SEM 271 

using the R package piecewiseSEM (Lefcheck, 2016) which allows fitting of hierarchical 272 

(mixed-effects) models. The overall model was based on the global models from the 273 

positive/negative affect and restorativeness analyses above. Non-significant pathways were 274 

removed based on AIC following a backwards stepwise elimination process. SEM models 275 

with random intercept and slope could not converge and we simplified the models to only a 276 

random intercept. Goodness-of-fit of models were assessed using Fisher’s C statistic 277 

(Shipley, 2009).  278 

3. Results 279 

An exploratory analysis to check for potential biases in the allocation of participants to trails 280 

did not show any pattern. The participants in different trails did not differ by gender (X2 (7, N 281 

= 174) = 8.09, p = 0.32) and ethnic composition (X2 (7, N = 174) = 4.19, p = 0.76) with in 282 

general more (58.05%) female and the majority (85.63%) being Chinese ethnicity. 283 

Participants in different trails did not differ significantly in terms of self-reported extraversion 284 

(F(7,166) = 0.65, p = 0.72). One-way analyses of variance showed that the pre-walk positive 285 

(F(7,166) = 0.95, p = 0.47) and negative affect (F(7,166) = 1.24, p = 0.28) also did not differ 286 

across trails. The study measures showed internal consistency reliabilities with Cronbach’s α 287 

for positive affect were 0.88 and 0.9 respectively for pre- and post-walk, Cronbach’s α for 288 

negative affect were 0.82 and 0.81 respectively for pre- and post-walk (as compared to values 289 

reported in Watson et al., (1988), and Cronbach’s α for PRS was 0.92 (as compared to values 290 

reported in Korpela et al., (2001).  291 

A power analysis on the best fitting model in the linear mixed-effect modelling on 292 

restorativeness suggested that our sample size is sufficient to detect the effect size of animal 293 

diversity and nature relatedness (statistical power>0.8 based on 1000 simulations) (Green and 294 

MacLeod, 2016). For the remaining analyses, the responses were the within-subject 295 



differences between post-treatment and pre-treatment, which gives better control for 296 

individual differences as compared to between-subject design, and thus increases statistical 297 

power to detect the effects of treatments (Kim, 2010)(Staats and Hartig, 2004). The power 298 

analysis on the best fitting model in the linear mixed-effect modelling on wellbeing also 299 

indicated that the sample size was sufficient to detect the effect size of PRS score on positive 300 

affect (statistical power>0.8 based on 1000 simulations) while the statistical power for time 301 

on positive and negative affect were 0.64 and 0.63 respectively. 302 

Participants spent between 15 to 35 minutes on the trail, with a mean of 21.8 minutes (SE = 303 

0.3). On average, participants saw more mammals and butterflies in the manicured trail at 304 

Singapore Botanic Gardens site, more birds and other animals in the primary trail at 305 

Singapore Botanic Gardens site, and relatively few (between 0 and 1-3 individuals) reptiles, 306 

amphibians, dragonflies and damselflies in all the trails. In terms of animal diversity, 307 

participants reported seeing more mammal, bird, butterfly species in the manicured trail at 308 

Singapore Botanic Gardens site and more of other animal species in both the secondary forest 309 

trails at Windsor Nature Park site (Fig. A. a). Participants recalled more individual of plants 310 

of all categories (tree, climber, shrub) in the secondary forest trail at Windsor Nature Park 311 

site, and fewer plant individuals in the urban trail at Windsor Nature Park site (Fig. A. b).  312 

3.1. Nature exposure impact on wellbeing and restoration  313 

We found that walk duration significantly improved positive affect and reduced negative 314 

affect, while PRS significantly improved positive affect (Table 1). There were marginal 315 

effects of PRS in reducing negative affect and crowdedness in influencing positive and 316 

negative affect when using the natural average method (Grueber et al., 2011) in estimating 317 

coefficients from the top 2AICc models (Table 1).  318 



We found that the NR score of the walker strongly improved restorativeness. Perceived 319 

animal diversity also improved restorativeness, and this effect was only found when using the 320 

composite index of animal diversity (Table 1). The diversity and abundance indices of each 321 

animal groups (mammal, bird, butterfly, reptile and amphibian, dragonfly and damselfly, and 322 

other animals) individually were not detected to significantly impact restorativeness level 323 

(Fig. B.2). 324 

We extracted the random effects from the best models and found that, for the random 325 

intercept, manicured and forest trails generally had higher values than urban trails in the 326 

models for positive affect and PRS (Figs. B.3 and B.3c). These results suggested that the 327 

urban trails had lower contribution to the increase in positive affect and PRS. However, NR 328 

score had a dampening effect on the strength of the random effect contribution of the trail; i.e. 329 

those with higher NR had less of an increase in positive affect (Fig. B.3a). For negative 330 

affect, there was no clear pattern among the random effects estimates which could be due to 331 

the high correlation between random slope and intercept (Fig. B.3b).  332 

3.2. Mediation effect of restorativeness on subjective wellbeing  333 

Using Fisher’C statistic (Shipley, 2009), the best-fitting piecewise SEM models met the 334 

Shipley’s test of directed separation:C6 = 2.73, p = 0.84, AIC = 22.73 for negative affect, and 335 

C6 = 2.75, p = 0.84, AIC = 26.75 for positive affect (Fig. 2). 336 

The best-fitting SEM models showed that higher perceived animal diversity on the trail 337 

together with higher nature relatedness of the walker improved PRS, which subsequently 338 

impact both positive and negative affect. Significant paths confirm our hypothesis that PRS 339 

has a mediator effect on changes in emotional wellbeing (higher PRS is linked to both higher 340 

positive affect and lower negative affect), and the direction of effect is consistent with the 341 

result of the mixed-effects models. Walk duration significantly improved positive and 342 



reduced negative affect. Crowdedness significantly reduced positive affect, though this 343 

variable did not have a significant impact on the restorativeness level.  344 

4. Discussion 345 

We find that perceived animal diversity contributes to perceived restorativeness and this, in 346 

turn, increases positive affect and decreases negative affect. The finding that higher perceived 347 

animal diversity of the trails improves affect is in line with field studies that show higher bird 348 

(Cameron et al., 2020) as well as plant and butterfly diversity (Dallimer et al., 2012; Fuller et 349 

al., 2007) leads to more positive emotions and studies in which viewing videos of higher 350 

number of tree or bird species promotes positive affect and reduces anxiety (Wolf et al., 351 

2017). This result is further corroborated by the random effects in the model whereby 352 

forested and manicured park trails, on average, led to higher positive affect and PRS than 353 

urban trails. Different to previous studies, we find that the changes in emotional wellbeing 354 

due to biodiversity are explained by an indirect pathway with the mediation role of perceived 355 

restorativeness, while previous studies report a direct correlation [except for Carrus et al., 356 

(2015)]. One possible explanation is that these studies did not investigate both direct and 357 

indirect pathways. In addition, our research employs a pre- and post-walk design to measure 358 

the changes in mood as a result of nature walk, while research that collect cross-sectional 359 

emotional wellbeing data (i.e. approach park users) does not have a baseline for calculating 360 

changes.  361 

These results agree with Marselle et al., (2016) that investigated the effects of perceived 362 

bird/butterfly/plant diversity on emotional wellbeing through perceived restorativeness. They 363 

found positive indirect effects for perceived bird diversity, but no significant indirect effects 364 

for plant and butterfly diversity. On the other hand, we found the effects to be significant only 365 

when using a composite index of animal diversity, not when using diversity index of 366 

individual animal group. This different results may be due to Marselle et al. (2016) 367 



conducting group walks, while this study used solitary walks to minimise the possible social 368 

effects, such as discussing about certain animal group among walkers. In addition, Staats and 369 

Hartig, (2004) found that participants reported higher restorative effects when walking alone, 370 

rather than in the company of a friend, in a natural environment. Similarly, Johansson et al., 371 

(2011) found that the affective state of revitalisation increased during park walks when alone 372 

than when with a friend. Therefore, results from Marselle et al.’s (2016) study may have been 373 

influenced by its design of having a group walk. A second difference is that, while Marselle 374 

et al. (2016) conducted their study on a sample of participants who were 55 years or older, we 375 

studied a sample of undergraduate students. Another possible reason why we found a 376 

relationship between animal diversity in general with perceived restorativeness and affect but 377 

not when we considered more disaggregated individual diversity groups is the a limited 378 

sample size and walk duration, making the number of animal encounters for specific groups 379 

low. The low number of encounters with specific animal groups might thus be subjected to 380 

stochasticity preventing us from observing reliable patterns. 381 

That perceived animal diversity contributes to an increase in positive affect and a reduction in 382 

negative affect has implications for public health, linking ecosystem health to human health. 383 

The broaden-and-build theory of positive emotions posits that positive emotions may enhance 384 

resilience against stress through the mediating role of coping strategies, and can subsequently 385 

attenuate the impact of stress on anxiety and depressive symptoms (Gloria and Steinhardt, 386 

2016; Ong, 2010). Increased positive emotions have also been demonstrated to account for 387 

individuals’ ability to recover effectively from stress and ward off depression (Fredrickson et 388 

al., 2003; Ong et al., 2006; Tugade and Fredrickson, 2004). Furthermore, negative affect has 389 

been consistently found to be correlated with symptoms and diagnoses of depression and 390 

anxiety (Watson et al., 1988a). As such, greater positive affect provided by animal diversity 391 

would have large beneficial impacts on one’s psychological health. 392 



We found that nature relatedness significantly improved the experience of restorativeness; 393 

and our SEM results supported its indirect and positive connection to improve positive and 394 

negative affects via the mediation role of restorativeness. Taken together, this study suggests 395 

that people’s psychological response to nature exposure also depends on their subjective 396 

connection to nature. As a trait-like between-person difference (Capaldi A. et al., 2014), 397 

nature connectedness has been shown to correlate with various measurements of happiness 398 

such as positive affect (Mayer et al., 2009; Zelenski and Nisbet, 2014), life satisfaction 399 

(Mayer and Frantz, 2004; Zelenski and Nisbet, 2014), eudaimonic wellbeing (Pritchard et al., 400 

2020; Zelenski and Nisbet, 2014) and with lower level of anxiety (Martyn and Brymer, 401 

2016). The link between nature relatedness and psychological wellbeing has been relatively 402 

well-studied in Western populations (see review by (Capaldi A. et al., 2014; Pritchard et al., 403 

2020), and our study supports this link in a predominantly Asian population. 404 

The finding (from our SEM result) that walking duration significantly improves the positive 405 

affect and reduces the negative affect of walkers agrees with the concept of nature dose. 406 

Recent literature has likened the impact of nature exposure to health therapies that deliver 407 

different levels of physical and psychological benefits depending on the dose of nature (Cox 408 

et al., 2017). Overall, existing evidence points to a positive association between nature visit 409 

duration and subjective wellbeing, such as an increase in feelings of restoration (White et al., 410 

2013), positive affect (Marselle et al., 2013), life-satisfaction (Yuen and Jenkins, 2020), and a 411 

decrease in perceived stress (Marselle et al., 2013). Positive response to nature dose has been 412 

reported to arise at a threshold, and reach a peak from which health increment becomes 413 

marginal. For example, improvement of wellbeing following nature walks can be obviously 414 

detectable at the dose of 20.5 min (Yuen & Jenkins, 2020). Studies in UK population report 415 

that spending at least 10 minutes a week in a garden could prevent depression (Cox et al., 416 

2017), while health and wellbeing start to improve at 120 minutes a week of contact with 417 



nature, and this positive association peaks at 200-300 minutes in a week (White et al., 2019). 418 

Our result thus corroborates the nature dose-response framework.  419 

Our study reports a direct impact of crowding in reducing the increase in positive affect in the 420 

walk experience. Previous research have reached similar conclusion of human’s preference 421 

for less crowdedness level when visiting outdoor greenspaces (Arnberger et al., 2010), 422 

especially when seeking stress relief (Arnberger and Eder, 2015). For example, respondents 423 

in a study in Denmark were willing to travel 4 km more to reach less crowded locations when 424 

engaging in recreational activities (Bakhtiari et al., 2014).  425 

Overall, our study shows that the emotional wellbeing response following a nature walk 426 

depends on multiple elements: the quality of nature to which humans are exposed (high 427 

animal diversity, low level of crowdedness), the orientation of the walkers themselves (high 428 

nature relatedness), and the dose of the nature exposure (longer duration of the walk). For the 429 

public to fully reap the benefits of the visits of outdoor green spaces, park managers and 430 

urban planners could focus on improving the animal diversity of the green space, such as by 431 

diversifying the habitat types within a landscape and introducing biodiversity enhancing 432 

measures to maximize the diversity of animals in the green space. These interventions could 433 

be coupled with environmental education. Our results show that nature relatedness plays an 434 

important role in perceived restorativeness and subsequently the affect. Though nature 435 

relatedness can be considered a consistent between-individual trait across time and situations 436 

(Nisbet et al., 2009), it is not fixed and can be enhanced. For example, environmental 437 

education programmes such as engagement with nature campaigns increase both connection 438 

to nature and pro-nature behaviours in adults (Richardson et al., 2016). Similarly, such 439 

education programmes have been effective in increasing different measures of connection to 440 

nature in children (Ernst and Theimer, 2011) and emotional affinity toward nature (Collado et 441 

al., 2013). The enhancing on connectedness to nature can be impactful, such as people whose 442 



family nurture a love for nature and grow up in the vicinity of natural places also score higher 443 

in NR scale (Windhorst and Williams, 2015). 444 

Our findings on perceived animal diversity linked to emotional wellbeing are a step forward 445 

among research employing pre- and post-walk designs to study the psychological benefits of 446 

nature exposure. These studies traditionally treat nature without differentiated typologies, 447 

with the typical setting of treatment vs control sites (Martens et al., 2011; South et al., 2015) 448 

with small number of trails (e.g. Takayama et al., (2014)) and simple categorizations [such as 449 

“high” and “low” biodiversity levels (Carrus et al., 2015). Our study comes to also contribute 450 

to a dearth of studies on the psychological impacts of nature walks in tropical landscapes and 451 

Asian populations.  452 

Our study has several limitations. The walks were conducted for a relatively short duration of 453 

time, although this duration has been suggested as sufficient for the accurate estimation of 454 

changes to subjective wellbeing following a park visit (Yuen and Jenkins, 2020). In addition, 455 

there could also be a link between walk duration and nature relatedness as participants who 456 

enjoy nature more chose to spend more time in the walk, resulting in an increase in emotional 457 

wellbeing. Finally, the sampling population consists of students of similar age, educational 458 

level, and probably health conditions which limits the generalizability of the findings. 459 

Therefore, future research could consider a longitudinal design to explore how walk duration 460 

impacts wellbeing and the duration of such impact while controlling for the level of nature 461 

relatedness of the participants. 462 

5. Conclusion 463 

Our results show that perceived animal diversity of the environment and nature relatedness of 464 

the individual contribute to perceived restorativeness. Perceived restorativeness, in turn, 465 

increases positive affect and reduces negative affect. Taken together, these results suggest 466 



that perceived restorativeness mediates in the relationship between perceived animal diversity 467 

and affects. This result is important given that high positive affect and low negative affect 468 

attenuate the risk of anxiety and depression. These results create a bridge between the 469 

seemingly unrelated disciplines of biodiversity conservation and public health, highlighting 470 

the importance of maintaining biodiverse urban ecosystems to contribute to the mental health 471 

of urban dwellers.   472 
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Figures and Tables 719 

 720 

 721 

Figure 1. Map of Singapore with scenes from study locations. Site 1 (Windsor Nature Park): 722 

secondary forest trails (SF_S1.1, top left, n=23 and SF_S1.2, top right, n=30), manicured trail 723 

(M_S1, bottom left, n=34), and urban trail (U_S1, bottom right, n=27). Site 2 (the Singapore 724 

Botanic Gardens): primary forest trail (PF_S2, top left, n=15), secondary forest trail (SF_S2, 725 

top right, n=14), manicured trail (M_S2, bottom left, n=16), and urban trail (U_S2, bottom 726 

right, n=15). 727 

 728 

  729 



Table 1. Model averaging of the top 2AICc linear mixed-effect models. The table shows 730 

averaged coefficient values and standard errors (SE) of the fixed effects. Variables significant 731 

at p<0.05 are in bold. 732 

Variables Negative affect Positive affect PRS 
 

Coefficient 

(SE) 

p-value Coefficient 

(SE) 

p-value Coefficient 

(SE) 

p-value 

PRS -0.315 

(0.35) 

0.37 2.274 

(0.527) 

<0.0001 - - 

Crowdedness 0.099 

(0.178) 

0.58 -0.449 

(0.407) 

0.27 0.024 

(0.043) 

0.57 

Duration -0.158 

(0.061) 

0.01 0.254 

(0.108) 

0.02 -0.005 

(0.011) 

0.65 

Nature relatedness 

(NR) 

-0.161 

(0.333) 

0.63 0.299 

(0.591) 

0.62 0.58  

(0.08) 

<0.0001 

Plant abundance 0.081 

(0.194) 

0.68 0.1  

(0.294) 

0.73 
  

Plant diversity 
  

-0.381 

(0.745) 

0.61 0.012 

(0.047) 

0.8 

Animal abundance 
  

0.072 

(0.376) 

0.85 
  

Animal diversity 
    

0.237 

(0.09) 

<0.01 

 733 

  734 



 735 

 736 

 (a)  737 

 738 

(b)  739 

Figure 2. Results of the best piecewise SEMs based on AIC values analysing the relationship 740 

between walk characteristics and (a) change in positive affect and (b) change in negative 741 

affect with the mediation role of restorativeness. Numbers next to arrows show regression 742 

coefficients of the significant variables. Conditional R2 values (Rc2) for response variables are 743 

presented. 744 

  745 



Supporting Information 



 
(a) 

  
(b) 

Figure A. Average number of (a) animal species and animal individuals and (b) plant species 

and individuals seen by subjects on each trail, divided by animal groups where M_S1: 

manicured trail at Windsor Nature Park (WNP) site,  U_S1: urban trail at WNP site, SF_S1.1 

and SF_S1.2: secondary forest trails at WNP site, M_S2: manicured trail at the Singapore 



Botanic Gardens (SBG) site, U_S2: urban trail at the SBG site, SF_S2: secondary forest trail 

at the SBG site, PF_S2: primary forest trail at the SBG site. 



Table B.1: Model average of the top 2AICc linear mixed-effect models using the natural 

average approach (Grueber et al., 2011) (or conditional averaging, Barton and Barton 

(2019)). The table shows averaged coefficient values and standard errors (SE) of the fixed 

effects. Variables significant at p<0.05 are in bold. 

Variable PANAS negative PANAS positive PRS 
 

Coefficient 

(SE) 

p-value Coefficient 

(SE) 

p-value Coefficient 

(SE) 

p-value 

PRS -0.53  

(0.03) 

0.08 2.274 

(0.527) 

<0.0001 
  

Crowdedness 0.271  

(0.2) 

0.18 -0.632 

(0.342) 

0.07 0.065 

(0.048) 

0.18 

Duration -0.158 

(0.061) 

0.01 0.254 

(0.108) 

0.02 -0.016 

(0.015) 

0.28 

Nature 

relatedness (NR) 

-0.161 

(0.333) 

0.63 0.299 

(0.591) 

0.62 0.58 

 (0.08) 

<0.0001 

Plant abundance 0.247 

 (0.27) 

0.37 0.576 

(0.468) 

0.22 
  

Plant diversity 
  

-1.189 

(0.878) 

0.18 0.082 

(0.097) 

0.4 

Animal 

abundance 

  
0.674 

(0.958) 

0.49 
  

Animal diversity 
    

0.238 

 (0.09) 

<0.01 

 



 

Figure B.2: Model results when the composite index of animal richness and abundance 

indices was replaced with its components (mammal, bird, butterfly, reptile & amphibian, 

dragonfly & damselfly and other animals richness and abundance). 



  (a)  

(b)  

(c)  

Figure B.3: Coefficients with 95% confidence interval of the random intercept (trail) and 

slope (nature relatedness) from the lowest AIC models, of which the outcome variables are 

(a) positive affect, (b) negative affect, (c) PRS. 



 
 

  
Figure B.4. Trail maps provided to the participants in the Singapore Botanic Gardens site: 

primary forest trail (PF_S2, top left), secondary forest trail (SF_S2, top right), manicured trail 

(M_S2, bottom left), and urban trail (U_S2, bottom right) 

 

 

 

 



  

  
 

Figure B.5. Trail maps provided to the participants in the Windsor Nature Park site: 

secondary forest trails (SF_S1.1, top left, and SF_S1.2, top right), manicured trail (M_S1, 

bottom left), and urban trail (U_S1, bottom right) 

 


