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EXECUTIVE SUMMARY 
This study investigates visitor experiences in urban green spaces through an extensive onsite survey 
conducted in three cities and across 13 parks, involving 665 participants. Employing mixed effect 
models, we analyzed the hierarchical data structure arising from diverse park and city contexts, 
integrating fixed effects to explore the influence of socio-economic factors on visitors' experiences. 
Additionally, Principal Component Analysis (PCA) was applied to identify underlying patterns in visitor 
responses, revealing seven distinct archetypes of park visitors with varying motivations for utilizing 
green spaces. These archetypes range from Urban Relaxation and Affluent Activity Visitors to 
Community-Connected Wellness and Youthful Recreational Socializers, each reflecting unique aspects 
of park visitation. 

Our findings indicate that urban green spaces generally foster positive mental states among visitors, 
with momentary assessments reflecting overall positivity. The duration of park visits is influenced by 
familial responsibilities and travel convenience, while visit frequency is shaped by factors like 
occupational status and visit purpose, notably impacted by family dynamics. Three primary emotional 
dimensions were identified: happiness and calmness, mental focus and clarity, and alertness. These 
dimensions are partly explained by visitors' pre-existing emotional states, suggesting a bidirectional 
causality that highlights the complex interplay between personal circumstances and park experiences. 

The study underscores the role of urban green spaces in enhancing mental well-being and reveals how 
socio-economic factors, family dynamics, and pre-existing emotional states interact to shape the park 
visitation experience. This research contributes to a deeper understanding of the multifaceted nature 
of urban green space utilization and highlights the need for future research to further explore the 
nuanced relationships between emotional states and park experiences. 
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1 INTRODUCTION 

1.1 Motivation 

Rapid urbanization has fundamentally transformed land use, exerting substantial pressure on natural 
ecosystems and leading to environmental degradation. This urban expansion, notably significant in 
Europe and China, compromises vital habitats and biodiversity (United Nations, Department of 
Economic and Social Affairs, 2018). Beyond ecological ramifications, urbanization also precipitates 
socioeconomic disparities and amplifies health risks, including mental health and well-being 
challenges, particularly among vulnerable populations (Andersson et al., 2017; Kabisch et al., 2017). 

Amidst these challenges, urban green spaces emerge as a critical component in mitigating the negative 
impacts of urban life. Parks and similar green areas not only offer aesthetic and recreational value but 
also serve as nature-based solutions (NbS) that potentially alleviate urban-induced stress (Cohen-
Shacham et al., 2016; Janzen, & Maginnis, 2016). By providing accessible natural settings, these green 
spaces can play a role akin to healthcare services, offering psychological relief and enhancing overall 
well-being (Raymond et al., 2017). This mitigates pressure on conventional healthcare systems, 
highlighting the dual benefits of NbS in urban settings. 

1.2 Objective 

This study, u�lizing Ecological Momentary Assessment (EMA), endeavors to explore the intricate 
rela�onship between urban residents and natural environments within ci�es. It specifically focuses on 
the restora�ve impacts of natural spaces and nature-based solu�ons (NbS) on mental well-being, 
par�cularly considering the nuances of socioeconomic vulnerabili�es. The primary goal is to discern 
whether the restora�ve benefits of urban nature on mental well-being vary across diverse 
sociodemographic groups, iden�fied by factors such as age, income, ethnicity, gender, and educa�on 
level. To achieve this, the study will: 

I. Examine the frequency and dura�on of visits to urban green spaces among different 
socioeconomic groups. 

II. Inves�gate the mo�va�ons behind u�lizing these urban green environments across varying 
sociodemographic segments. 

III. Assess the restora�ve effects and well-being of visitors of urban green spaces. 
 

By accomplishing these objec�ves, the study aims to provide a nuanced understanding of how urban 
natural environments contribute to improving quality of life and fostering sustainable urban 
development, while acknowledging the varying impacts these environments have on different 
segments of the urban popula�on. 

1.3 What is Ecological Momentary Assessment (EMA)? 

Traditionally, social science research has relied heavily on self-reporting methods like surveys and 
interviews to gather data on socioeconomic status, health, and psychosocial well-being. However, 
Ecological Momentary Assessment (EMA) is emerging as a potent alternative, lauded for its ability to 
collect in-the-moment data in real-world settings (Burke et al., 2017; Shiffman & Stone, 1998). EMA is 
a versatile data collection technique that captures participants' experiences in real-time through 
various methods such as journaling, daily questionnaires, personal interactive diaries, and 
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physiological monitoring (Scott, Wozencroft, & Waller, 2019, p. 77). This multi-method approach 
offers distinct advantages over traditional self-reporting. 

Firstly, EMA minimizes recall bias by capturing participants' experiences, perceptions, and motivations 
as they occur, thus providing a more accurate account than retrospective reporting (Kirchner & 
Shiffman, 2016; Knell et al., 2017). Secondly, it enhances ecological validity by allowing for direct 
observation or momentary self-reporting in natural environments and social contexts, ensuring that 
the data reflects real-life situations. Lastly, the repeated assessments over time facilitate the collection 
of detailed spatio-temporal data, offering a richer and more nuanced understanding of participants’ 
experiences. 

1.4 What have we done? 

In this study, we conducted on-site survey questionnaires in urban parks to gather information about 
participants' sociodemographic characteristics, their momentary mood, and motivations for utilizing 
nature-based solutions (NbS) or urban nature. The participants were selected from the Urban Living 
Labs (ULLs) of the European Union Horizon 2020 REGREEN project, specifically from Aarhus 
(Denmark), Paris (France), and Velika Gorica (Croatia). Employing a mix of geospatial, quantitative, and 
qualitative methods, the study aims to investigate the impact of urban nature or NbS on the affective 
states of diverse socioeconomic groups across these urban locations. 

In our analysis we utilize a mixed-methods approach, with multilevel or hierarchical modelling as the 
primary analytical technique. This approach is advantageous for several reasons. Firstly, it accounts 
for the nested or hierarchical nature of the data, involving multiple measurements for each participant 
within each NbS, and categorizing participants across various sociodemographic groups. Secondly, 
multilevel modelling enables us to assess whether the impact of NbS or the urban environment on 
mental well-being is consistent across all individuals and groups, or variables. This is achieved by 
comparing the fixed effects of the covariates with the random effects. 

In addition to the mixed-methods approach and multilevel modelling, our analysis incorporates 
Principal Component Analysis (PCA) to further deepen our understanding of the data. PCA is employed 
to identify and interpret underlying patterns within the complex set of variables collected through our 
survey. This statistical technique is particularly useful in reducing the dimensionality of large datasets, 
such as ours, by transforming a number of possibly correlated variables into a smaller number of 
uncorrelated variables known as principal components. 

By applying PCA, we were able to distil the essence of varied visitor responses into distinct archetypes 
or profiles. These archetypes represent different motivations, preferences, and emotional states of 
visitors in urban green spaces, providing a nuanced view of how diverse socioeconomic groups interact 
with and benefit from urban green spaces. This approach not only simplifies the interpretation of the 
multifaceted data but also unveils significant patterns and relationships that might otherwise be 
obscured in a complex dataset. 

The integration of PCA with multilevel modelling in our study allows for a comprehensive analysis that 
combines the strengths of both methods. While multilevel modelling addresses the hierarchical 
structure of the data and assesses the variability across different groups and environments, PCA 
provides insights into the broader emotional and motivational landscapes of the participants. 
Together, these methods enhance our ability to draw meaningful conclusions about the impact of 
urban nature on the well-being of different socioeconomic groups across the three European cities 
involved in the REGREEN project. 
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1.5 Main contribution to the literature 

Extensive research has underscored the health benefits conferred by urban green spaces, ranging 
from increased physical activity and stress reduction to enhanced mental health (World Health 
Organization, 2016; Dadvand, 2018). These spaces are particularly beneficial in mitigating the 
challenges of urbanization, especially for vulnerable demographics like children and the elderly 
(Kabisch, 2017). Nonetheless, the extent of these health benefits can be influenced by factors such as 
neighborhood gentrification (Cole, 2019) and socio-economic and demographic variables (Kabisch, 
2019). It has been suggested that the functionality of green spaces, for instance, their use in exercise 
or sociocultural activities, might play a more critical role in health benefits than green space inherent 
characteristics (Lee, 2015). 

Furthermore, a consistent body of literature indicates a positive correlation between urban green 
spaces and mental health. Interactions with these environments are linked to lower stress levels, 
reduced symptoms of depression and anxiety, and enhanced cognitive functioning (Pearson, 2014; Ji, 
2009). The mental health advantages are more significant in areas with abundant green space, where 
residents report better physical and mental well-being (Vujcic, 2019). These spaces are also associated 
with lower levels of depression, anxiety, and stress (Beyer, 2014). The underlying mechanisms for 
these benefits include stress alleviation, cognitive restoration, and increased physical activity 
(Dadvand, 2018). Proximity to urban green spaces has also been found to correlate with reduced 
anxiety and mood disorder treatments (Nutsford, 2013).  

Addressing the gaps identified in existing literature, this study aims to delve deeper into the complex 
relationship between urban green spaces and public health, particularly mental health. A critical 
aspect that has often been overlooked is the distinction between correlation and causation in the 
context of socioeconomic background and access to urban green spaces. To disentangle these factors, 
this paper focuses on understanding how the socioeconomic background of users to green spaces 
might influence the restorative effects of these areas on mental health and well-being. 

Furthermore, this study places a significant emphasis on perceptions and experiences, factors that 
have been underexplored in previous research. By employing the Ecological Momentary Assessment 
(EMA) approach, the study seeks to capture the immediate and real-time experiences and perceptions 
of individuals from diverse socio-demographic backgrounds, including variations in gender, age, and 
socioeconomic status. This approach enables an in-depth exploration of how these subjective factors 
contribute to well-being and mental health in the context of urban nature. Thus, the study not only 
aims to enrich the understanding of the relationship between urban green spaces and mental health 
but also to illuminate the roles of socioeconomic factors and personal experiences in shaping this 
dynamic. 
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2 THE SURVEY 
This study adopts a cross-sectional data collection design, focusing on gathering data about 
experiences, motivations, and behaviors related to urban green spaces. The target demographic 
comprises individuals aged 18 years and above residing in the Urban Living Labs (ULLs) of the REGREEN 
Project, specifically in Aarhus (Denmark), Paris region (France), and Velika Gorica (Croatia). To capture 
this information, the study utilizes an electronic self-administered questionnaire, primarily delivered 
via a mobile phone application. In each study site, research assistants play a crucial role. They 
approach visitors, provide a comprehensive description of the study and its objectives, and address 
any queries about the research. This direct interaction not only facilitates participant engagement but 
also ensures clarity and understanding regarding the study's purpose and methodology. The use of 
electronic questionnaires not only streamlines the data collection process but also enables the 
efficient capture of real-time responses, enhancing the quality and relevance of the data gathered. 

To enhance inclusivity and ensure the reliability of responses, we implemented several strategies in 
our study. The survey was made available in the respective official or local languages of each ULL. 
Participants were given the choice to either self-complete the questionnaire on provided electronic 
devices or to be interviewed by a research assistant, accommodating various literacy levels and 
technological proficiencies. 

Before initiating the survey, participants were presented with an electronic copy of the information 
letter and the consent form, which outlined data usage, protection, and privacy policies. For those 
opting for assistance, research assistants read the information and consent form aloud, securing 
verbal confirmation of participation. This approach not only ensured informed consent but also 
guaranteed that no participant was excluded due to difficulties in independently engaging with the 
questionnaire. Through these measures, the study successfully captured a broad spectrum of 
experiences and viewpoints, crucial for the comprehensiveness and representativeness of the 
research findings. 

The questionnaire included queries about the participants' momentary mood or affective state and 
their reasons for being in the urban green space. In addition to these experiential questions, 
participants were also asked to provide essential sociodemographic information. This included age, 
gender, highest level of education, occupation or employment status, net annual personal and 
household income (both categorized), race/ethnicity, and immigration/citizenship status. 

A key component of the survey was the incorporation of the Restorative Outcome Scale (ROS). This 
scale is a widely recognized and validated measure used to assess the restorative emotional and 
cognitive benefits of being in an urban green space or any natural environment (Hartig et al., 2003; 
Kaplan et al., 1993; Korpela et al., 2008; Ojala et al., 2019). The ROS provided a structured way to 
quantify the restorative impacts of urban green spaces on participants, offering valuable insights into 
the psychological and cognitive dimensions of their experiences. For a detailed view of the 
questionnaire, readers are referred to the Appendix. 
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3 SURVEY AREAS 
The survey was meticulously carried out in three contrasting urban settings, each offering a unique 
backdrop for understanding the dynamics of urban green spaces across the diversity of urban areas in 
Europe. In the metropolis of Paris, France, five sites were chosen to explore how urban green spaces 
function in a large-scale city environment. Aarhus, Denmark, a provincial city provided another five 
sites. These sites in Aarhus offered insights into the use of green spaces in a smaller, yet progressively 
urbanized setting. Lastly, the survey extended to Velika Gorica, Croatia, a smaller city distinguished by 
relatively less urban density. Three sites in Velika Gorica were selected to understand how green 
spaces are integrated and utilized in smaller urban centers. The diversity of these cities – Paris, Aarhus 
and Velika Gorica contribute to a comprehensive understanding of the varying roles and perceptions 
of urban green spaces across different urban contexts. 

3.1 Survey sites in Paris  

In Paris, the survey was conducted at several prominent green spaces, each characterized by unique 
features and recreational qualities. The selected sites include: 

• Parc Departemental de la Bergère: an urban park with high frequency of visits, low ecological 
management and situated at the Canal de Lourq with a cycling path along the canal passing 
through and small ferryboats during summertime. 

• Parc du Sausset: the second largest green space in the department Seine-Saint-Denis of 200ha 
is a classified Natura2000 site and applies ecological management to preserve and enhance 
biodiversity. It offers visitors a relaxing break in the heart of nature with a beautiful pond, vast 
lawns and remarkable tall trees in addition to play-grounds and eco-grazing of cows and goats.  

• Parc George Valbon de la Courneuve: the largest park in Paris region that is classified 
Natura2000 and the 3rd largest park in all of Paris region, covering 417 ha. The park hosts large 
green wild and managed green spaces and several natural and artificial water bodies including 
a 12 m high waterfall, playgrounds, flower valley, and horse grounds.   

• Parc Henri Barbusse: a small urban forest park of 4.2 ha with recreational infrastructure 
including two play-grounds, a tennis court, a skate park, ping-pong tables and puppet theatre. 

• Parc Jacques Duclos: is the largest communal parc in the department Seine-Saint Denis 
featuring a large aquatic pool, a kiosk and pleasant walking tracks. The park features mini-
tennis, ping- pong, spaces for work out and parcours, playgrounds and a dog area. 

Each of these sites in Paris provides a unique setting for the survey, contributing to the understanding 
of how urban green spaces are utilized and valued by residents and visitors in a major metropolitan 
context. 

3.2 Survey sites in Aarhus  

In Aarhus, the survey was conducted in five distinct locations, each offering a unique perspective on 
urban green spaces and their usage: 

• Egå Engsø: This 'blue park' is a multifaceted recreational area popular for walking, biking, 
and fishing. It attracts both regular visitors and passers-through.  
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• Risskov Forest: Situated adjacent to the coast, this old-growth forest is a favored 
destination, especially on weekends. Its appeal is enhanced by pathways, a youth hostel, and 
a traditional restaurant/café, making it a vibrant spot for outdoor activities. 

• Botanical Garden: Located in the city's center, this well-managed urban nature space is 
known for its expansive lawns suited for recreation. It features an old greenhouse, adding to 
its botanical allure and making it a key site for both leisure and educational purposes. 

• Gjellerup Park: Set in a socially deprived urban area, this park has recently undergone urban 
regeneration. The restoration involved demolishing large building blocks, renovating existing 
ones, and constructing new buildings and facilities. Unfortunately, residents were skeptical 
of the interviews and only one questionnaire was filled out from this site   

• Mindeparken: This open park area differs from the others with its diverse facilities, including 
an ice cream kiosk, a playground, a fitness ground, and a memorial for fallen soldiers. It's a 
well-visited space, distinct in its offerings and atmosphere. 

These sites in Aarhus, ranging from naturalistic settings like Egå Engsø and Risskov Forest to more 
structured urban parks like the Botanical Garden, Gjellerup Park, and Mindeparken, provided a 
comprehensive canvas for understanding the diverse uses and perceptions of urban green spaces in a 
provincial city setting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Aarhus EMA site locations 

Egå Engsø 

Riskov forest 

Gjellerup Parks Botanical garden 

Mindeparken 



 
 

  

D4.6 Perceptions, interactions and responses to urban natural environments through EMA 13 
 

3.3 Survey sites in Velika Gorica  

In Velika Gorica, the survey encompassed three distinct sites, each offering a unique aspect of urban 
greenery and recreational space: 

• Park dr Franjo Tuđmana: This central park is named after Croatia’s first president (1990-
1999) and is a hub of activity, particularly on weekends and afternoons. It features fitness 
areas, a playground, a small pond, and benches, complemented by coffee bars along its 
periphery. The park is characterized by its open spaces with artificial hills but has relatively 
few trees and bushes. Its layout and facilities make it a popular spot for both leisure and 
socializing. 

• Park Plemenita općina turopoljska: This park is distinguished by its old-growth chestnut 
trees, long grass, pathways, and numerous benches. Located adjacent to a museum, tourist 
center, and church, it serves as a serene escape from the heat. While the main area is 
popular for shaded sitting, the elongated western part, less developed as a park and more as 
a green space, provides a different aspect of urban nature. 

• Novo Čiče Lake: An extensively managed natural area with prominent water features, this 
site is especially popular during the summer. Swimming and boating are officially prohibited 
due to ongoing excavation activities in the eastern/northern part of the lake. The lake’s 
natural beauty and open space attract visitors looking for outdoor experiences close to the 
city. 

These sites in Velika Gorica, from the sociable Park dr Franjo Tuđmana to the tranquil Park Plemenita 
općina turopoljska and the naturalistic setting of Novo Čiče Lake, provided a varied landscape for the 
survey. They reflect the different ways urban residents in a smaller city engage with green spaces for 
recreation, relaxation, and social activities. 

  

Figure 2: Velika Gorica EMA site locations 
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4 DATA 

4.1 Data Cleaning and Imputation 

In the initial phase of our data analysis, we conducted a comprehensive data cleaning process. Our 
dataset, derived from a questionnaire survey conducted in green spaces across Denmark, France, and 
Croatia, included responses regarding the experiences and feelings of individuals in these spaces, their 
purpose for visiting, and their socio-economic background. 

Upon initial inspection, we identified several columns with missing data. To address this, we adopted 
a two-pronged approach: imputation for columns with fewer missing values and a planned sensitivity 
analysis for columns with a significant number of missing entries. 

We first focused on columns with less than nine missing observations. These included 
'time_spend_in_park', 'travel_time', 'travel_type', 'quality_of_site', 'age', 'children_in_household', 
and 'adults_in_household'. For the numeric variables in this group ('time_spend_in_park', 
'travel_time', 'children_in_household', 'adults_in_household'), we imputed missing values with the 
mean of each respective column, a method that preserves the overall distribution of the data. For the 
non-numeric variables ('travel_type', 'quality_of_site', 'age'), which were categorical in nature, we 
opted for mode imputation, replacing missing values with the most frequently occurring category 
within each column. This approach was chosen to maintain the categorical distribution and integrity 
of the data. 

The remaining columns with substantial missing data ('life_satisfaction', 'community_belonging', 
'community_satisfaction', and 'household_income') were earmarked for a sensitivity analysis. This 
analysis is intended to gauge the impact of missing data on our study's outcomes, thereby informing 
our interpretation and conclusions. 

This meticulous approach to data cleaning and imputation was vital for ensuring the robustness and 
reliability of our subsequent analyses, particularly given the diverse nature of the dataset spanning 
multiple countries and various socio-economic and experiential parameters. 

4.2 Descriptive statistics 

This section presents the descriptive statistics of the data gathered from the survey. It encompasses 
a diverse range of variables, providing insights into the characteristics and behaviors of park visitors, 
as well as their perceptions and experiences, wellbeing and mental state in urban green spaces. The 
data is categorized into three types: numerical variables, which offer quantitative insights into visit 
and household characteristics; hierarchical scaled variables, reflecting participants' attitudes and 
feelings towards various aspects of their park visit and personal well-being; and dummy variables, 
which provide a binary representation of respondents' demographic profiles, travel modes, and 
reasons for park visits. This comprehensive data analysis sets the foundation for understanding the 
complex interactions between urban residents and their natural environments. 

4.2.1 Numerical variables 
The average time spent in the park was 63.0 minutes, with a wide range of durations from as little as 
0.3 minutes to as much as 900 minutes, indicating diverse usage patterns among the participants. The 
mean travel time to the park was 31 minutes, though the standard deviation is notably high at 303 
minutes, suggesting significant variability in distances traveled by different respondents. On average, 
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participants reported 2.2 visits to the park within a two-week period. Regarding the composition of 
the visiting groups, there was an average of 1.8 adults and 1.5 children per visit. 

In terms of household characteristics, the mean annual household income was EUR 41,281, with a 
substantial standard deviation of EUR 30,139, reflecting the varied economic backgrounds of the 
participants. This can partly be explained different income levels across the three cities and their 
differing national economic contexts. The average number of children and adults in households were 
0.8 and 2.0, respectively, with the number of children ranging from 0 to 4 and the number of adults 
from 0 to 4. 

Table 1: Descriptive Statistics for Numeric Variables  

Variables  N Mean St. Dev. Min Max 
Visit characteristics           
Time_spend_in_park (minutes) 665 63.0 65.2 0.3 900 
travel_time (minutes) 665 31 303 0 7,8 
Visits_within_two_weeks (number) 665 2.2 1.3 1 4 
Adults visiting (number) 665 1.8 0.8 1 3 
Children visiting (number) 665 1.5 0.8 1 3 
Household’s characteristics           
Household_income (EUR 2023) 491 41,281 30,139 6 134,469 
Children_in_household (number) 665 0.8 1.0 0 4 
Adults_in_household (number)  665 2.0 0.9 0 4 

 

4.2.2 Hierarchical Scaled Variables 
The Hierarchical Scaled variables ranged from low number either 0 or 1 (most negative) to 7 or 10 
(most positive). Low numbers reveal the participants’ have negative attitudes towards various aspects 
of their visit and general well-being while high numbers reveal a positive attitude. 

Regarding their experiences at the site, participants generally felt safe (mean = 6.4, SD = 0.9) and free 
from vandalism (mean = 6.2, SD = 1.0), suggesting a high level of comfort and security in the park 
areas. The quality of the site and facilities received moderately high ratings (mean = 4.5, SD = 0.6 and 
mean = 5.6, SD = 1.4, respectively), indicating overall satisfaction but with some room for 
improvement. Enjoyment of animal life was also rated positively (mean = 5.3, SD = 1.6). 

In terms of their current emotional state, respondents reported feeling happy (mean = 6.1, SD = 0.8) 
and calm (mean = 6.2, SD = 0.9). However, they rated themselves lower on feeling alert (mean = 2.6, 
SD = 1.6). Levels of feeling energized, relaxed, and having no worries were moderately positive (means 
around 5.0 to 5.8), while clarity of thoughts received a slightly higher rating (mean = 5.6, SD = 1.6). 

When assessing their life and community, respondents expressed high life satisfaction (mean = 7.6, 
SD = 1.4), a good sense of community belonging (mean = 7.0, SD = 2.0), and satisfaction with their 
community (mean = 7.2, SD = 1.9). Regarding mental well-being in the past two weeks, respondents 
felt generally good in spirits, relaxed, active, and engaged, with means ranging from 5.3 to 5.7. The 
feeling of being rested was slightly lower (mean = 5.0, SD = 1.6). 

These results illustrate a predominantly positive perception and emotional state among the 
respondents. However, certain aspects like alertness and engagement indicate areas where 
experiences and well-being are slightly reduced.  
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Table 2: Descriptive Statistics for Hierarchical Scaled Variables 

Variables  N Mean St. Dev. Min Max 
How the respondents experience the place           
safe 665 6.4 0.9 1 7 
free_from_vandalism  665 6.2 1.0 1 7 
quality_of_site 665 4.5 0.6 2 5 
facilities 665 5.6 1.4 1 7 
enjoy_animal_life 665 5.3 1.6 1 7 
How the respondents feel at the moment           
happy  665 6.1 0.8 1 7 
calm  665 6.2 0.9 1 7 
alert  665 2.6 1.6 1 7 
energized 665 4.4 1.5 1 7 
relaxed  665 5.8 1.0 1 7 
no_worries  665 5.4 1.4 1 7 
clear_thoughts  665 5.6 1.6 1 7 
Respondents’ life assessment           
life_satisfaction 633 7.6 1.4 0 10 
community_belonging  580 7.0 2.0 0 10 
community_satisfaction  581 7.2 1.9 0 10 
Respondents’ mental well-being the last two weeks            
feeling_good_spirts 665 5.7 1.0 1 7 
feeling_relaxed 665 5.5 1.2 1 7 
feeling_active 665 5.3 1.3 1 7 
feeling_rested 665 5.0 1.6 1 7 
feeling_engaged 665 5.4 1.4 1 7 

 

4.2.3 Categorical dummy variables 
The dummy variables are presented as counts, indicating the presence (1) or absence (0) of a particular 
attribute. For the type of visitor, the majority were locals (562), followed by tourists (92), with only a 
few identifying as business travelers (10) or other (1). Regarding the mode of travel to the park, 
walking was the most common (267), followed by motor vehicle (211), cycling (123), public transport 
(35), and running (29). This distribution suggests a preference for more sustainable and active modes 
of transportation among park visitors. 

In terms of age, the respondents were spread across all categories, with the highest representation in 
the 18-30 (197) and 31-40 (211) age groups, and fewer respondents in the older age categories, 
particularly those above 70 years old (12). Gender-wise, there were more female (364) than male 
(286) respondents, with a small number not specifying their gender (6) or identifying as other (9). 

Educational levels varied, with the largest groups being those with post-secondary education (330) 
and high school education (259). As for occupation, the largest group was full-time employed (342), 
followed by post-secondary students (71), and retirees (89). A notable proportion of respondents 
chose not to specify their occupation (25). 
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The main purposes of park visits were diverse. Most respondents were traveling through the park 
(500), while others visited for physical health (185), mental health (232), fresh air (358), or social 
relationships (157). Specific parks had fairly even distribution among visitors, with Botanisk Have, 
Risskov, Egå Engsø, and Mindeparken each attracting around 63 to 65 visitors. 

Lastly, the distribution of respondents among the cities was relatively even, with responses in Aarhus 
and Paris from 256 and 257 visitors respectively, and Velika Gorica 152 visitors. 

Table 3: Descriptive statistics for dummy variables 

Variable 1 0 Variable 1 0 
type of visitor     Purpose of visit     
bussiness_traveler 10 655 main_purpose 122 543 
local 562 103 part_of_purpose 43 622 
other 1 664 traveling_through 500 165 
turist 92 573 Reason for visit      
Type of travel to park     Physical_health 185 480 
cycle 123 542 Mental_health 232 433 
motor_vehicle 211 454 children 180 485 

public_transport 35 630 fresh_air 358 307 
running 29 636 break 73 592 
walkling 267 398 dog 86 579 
Age of respondents     explore 39 626 
18-30 197 468 connect_to_nature 81 584 
31-40 211 454 social_relationship 157 508 
41-50 92 573 shade 55 610 
51-60 63 602 other 14 651 
61-70 51 614 Parks     
71-80 39 626 Botanisk Have 63 602 
80 12 653 Risskov 63 602 
Gender     Egå Engsø 65 600 
female 364 301 Gjellerup Parken 1 664 
male 286 379 Mindeparken 65 600 
not_saying 6 659 Parc Departemental de la Bergère  50 615 
other 9 656 Parc du Sausset  52 613 
Education level     Parc George Valbon de la Courneuve  53 612 
not_saying 22 643 Parc Henri Barbusse 50 615 
no_formal_education 10 655 Parc Jacques Duclos  51 614 
less_than_high_school 44 621 Jezero Cice 50 615 
high_school 259 406 Park dr. Franje Tudmana 51 614 
post-secondary_education 330 335 Park Plemenite opcine turopoljske  51 614 
Occupation     City     
not_saying 25 640 Aarhus 257 408 
unable_to_work 8 657 Paris 256 409 
retired 89 576 Velika_Gorica 152 513 
unemployed 26 639      
stay_at_home 17 648      
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Variable 1 0 Variable 1 0 
student 71 594      
self_employed 30 635      
part_time_employment 57 608      
full_employment 342 323       
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5 MODELS 
In this section, we outline the specific modelling techniques employed in our study to analyze various 
aspects of urban park usage. Our approach encompasses mixed-effects models to investigate both the 
duration and frequency of visits to parks, as well as the motivations behind park use. Additionally, we 
explore the drivers of well-being by examining momentary assessments provided by respondents. 
Through this multi-faceted modelling approach, we aim to provide a thorough analysis of park 
visitation dynamics and their implications for urban well-being. 

5.1 Modelling duration and visit frequency to parks 

In our study, mixed-effects modeling is utilized to understand drivers of park visit duration and 
frequency. This method is particularly suited to our dataset's hierarchical nature, where responses are 
nested within distinct parks and cities. By employing mixed-effects models, we effectively capture and 
quantify the influences at both individual (such as age, gender, education, and occupation) and 
broader levels (including park features and city-wide characteristics). These models are instrumental 
in detailing how these varying factors interplay and contribute to the overall patterns of park 
utilization, bridging the gap between personal socio-economic factors and environmental influences 
in shaping park visitation behaviors. 

Two specialized mixed-effects models were developed: 

Model for Time Spent in Parks: The first model explores the duration that individuals spend in parks. 
Here, time spent is conceptualized as a continuous variable, and we approach it with a linear mixed-
effects framework. This model is particularly structured to parse out how individual socio-economic 
factors correlate with the time spent in green spaces, while also accounting for the random variations 
linked to different parks and cities. 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜇𝜇𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖   (1) 

• Duration is an expression of time spend in park by the ith individual in the jth park. 

• 𝛽𝛽0 is the intercept. 

• 𝛽𝛽1represents the coefficients for the socio-economic variables Xij (age, gender, education, 
occupation, household composition). 

• uj is the random effect for the jth park, capturing park-specific variations. 

• ϵij is the error term. 

Logistic Mixed-Effects Model for Visits Within Two Weeks: In this model, the frequency of park visits 
is categorized into two groups: those who visit only once and those who visit multiple times within a 
fortnight. The logistic mixed-effects approach allows us to explore how socio-economic factors 
influence the likelihood of multiple visits, alongside the random effects arising from differences across 
various parks and cities. This model provides insights into what drives repeated engagement with 
urban green spaces, offering a window into the recurring use patterns of these vital urban areas.  

log � 𝑝𝑝𝑖𝑖𝑖𝑖
1−𝑝𝑝𝑖𝑖𝑖𝑖

� = 𝛽𝛽0 + 𝛽𝛽1X𝑖𝑖𝑖𝑖 + 𝐷𝐷𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖   (2) 
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• log � 𝑝𝑝𝑖𝑖𝑖𝑖
1−𝑝𝑝𝑖𝑖𝑖𝑖

� represents the log-odds of the probability 𝑝𝑝𝑖𝑖𝑖𝑖  which is the probability of the ith  

individual making more than one visit to the jth park within two weeks. 

• 𝛽𝛽0 is the intercept. 

• 𝛽𝛽 are the coefficients for the socio-economic variables X𝑖𝑖𝑖𝑖. 

• uj is the random effect for the X𝑖𝑖𝑖𝑖  park. 

• 𝜖𝜖𝑖𝑖𝑖𝑖  is the error term. 

Both models incorporated random intercepts for parks and cities to account for unobserved 
heterogeneity at these levels. The fixed effects part of the models included socio-economic factors, 
enabling us to quantify their impact on park usage while controlling for park- and city-level variability. 
These models were fitted using the 'lme4' package in R. 

5.2 Modelling motivation for park use 

To explore respondent motivations for park visits, we conducted a Principal Component Analysis 
(PCA). This technique simplifies our dataset into principal components — uncorrelated factors 
capturing data variance. Essentially, these components represent archetypes of respondents, helping 
us understand diverse visitation patterns through their loadings. PCA effectively reduces data 
complexity while preserving essential variance, transforming correlated variables into distinct, 
informative components. 

The process of PCA involves several key steps. Initially, the original variables undergo standardization, 
being adjusted to have a mean of zero and a standard deviation of one. This step is vital, given PCA's 
sensitivity to the scale of variables. Following this, the covariance matrix is computed, which is 
essential to discern how the variables in the input data vary from the mean in relation to one another. 

The pivotal aspect of PCA is the eigenvalue decomposition of the covariance matrix. This 
decomposition breaks down the matrix into its eigenvectors and eigenvalues. Here, the eigenvectors 
— the principal components — define the directions of the new feature space, while the eigenvalues 
signify their magnitude. In essence, the eigenvalues elucidate the variance of the data along these 
new feature axes. This decomposition is central to PCA as it underpins the entire technique, facilitating 
the transformation of the original dataset into a new, simplified yet informative structure. 

The principal components are calculated as follows: 

𝑃𝑃𝐶𝐶𝑖𝑖 = �𝑤𝑤𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

× 𝑋𝑋𝑖𝑖  

Where:  

• 𝑃𝑃𝐶𝐶𝑖𝑖  is the ith principal component. 

• 𝑤𝑤𝑖𝑖𝑖𝑖 is the weight by which each standardized original variable 𝑋𝑋𝑖𝑖  is multiplied. 

• n is the number of original variables. 
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The first principal component is the direction that maximizes the variance of the dataset. The second 
principal component is orthogonal to the first component and maximizes the variance in the direction 
orthogonal to the first component , and so on for subsequent components. 

5.3 Modeling drivers of well-being 

In our study, we apply a mixed-effect regression model to investigate well-being among park visitors, 
using socio-economic variables and recent mental states as predictors against their momentary self-
assessments. Given the high correlation among responses related to well-being, we streamline these 
variables into principal component scores. This approach not only simplifies our analysis but also 
ensures a more precise and representative depiction of the respondents' feelings. 

The model process initiates with the computation of principal scores derived from respondents' 
experiences in urban green spaces. By employing Principal Component Analysis (PCA), we transform 
the highly correlated response variables into a condensed set of uncorrelated principal components. 
These principal scores are instrumental in capturing the essential variance within the data, offering a 
distilled yet comprehensive view of the well-being indicators. This reduction into principal 
components allow us to draw conclusions about the factors influencing well-being in urban green 
spaces. The principal scores for each respondent are calculated as: 

Principal Score𝑖𝑖 = ∑ 𝑤𝑤𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1 × Response𝑖𝑖        (3) 

Where: 

• Principal Scorei is the score for the ith principal component,  
• wij represents the weight of the eth response variable in the ith component 
• Responsee represents the response variable. 
• The sum is taken over n which is the total number of response variables. 

With the principal scores computed, we proceed to model the factors influencing respondents' current 
feelings in urban green spaces. We employ a linear mixed-effects model using the lmer function from 
the lme4 package in R similar to equation 1, except responses related to current state of mind is 
included as explanatory variables although dimensional reduced using a similar approach as the 
dependent variable.  

𝑃𝑃𝐷𝐷𝐷𝐷𝐷𝐷𝑃𝑃𝐷𝐷𝑝𝑝𝐷𝐷𝑃𝑃 𝑆𝑆𝑃𝑃𝐷𝐷𝐷𝐷𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜇𝜇𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖         (1) 

• Duration is an expression of time spend in park by the ith individual in the jth park. 

• 𝛽𝛽0 is the intercept. 

• 𝛽𝛽1represents the coefficients for the socio-economic variables Xij (age, gender, education, 
occupation, household composition). 

• uj is the random effect for the jth park, capturing park-specific variations. 

• ϵij is the error term. 

This approach allows us to consider both fixed and random effects, capturing the variability across 
different parks and cities. 
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6 RESULTS 

6.1 Duration and frequency of visits 

6.1.1 Results of the mixed effect model for Duration of Park Visits 
The linear mixed-effects model applied to understand the duration of park visits revealed several 
noteworthy findings. The model considered various socio-economic factors, types of visitors, modes 
of travel to the park, and purposes of visits, alongside random effects for park names and cities. 

The random effects for both park names and cities were significant, indicating substantial variability 
in visit durations at these levels. Specifically, the variance attributed to different parks was estimated 
at 11.08 (Std. Dev. = 3.329), while the variance due to city-level differences was notably larger at 
1258.72 (Std. Dev. = 35.478). This suggests that characteristics specific to each park and city have a 
considerable impact on how long visitors spend in these spaces. Additionally, the residual variance 
was 3273.30 (Std. Dev. = 57.213), pointing to a substantial amount of variability in visit durations not 
explained by the fixed or random effects in the model. 

The model results reveal that the age of visitors showed a varied but generally non-significant impact 
on the length of park visits, with younger age groups (18-30) tending to spend less time compared to 
the baseline older age group. Gender differences were not statistically significant in affecting visit 
duration. 

Among occupational categories, students were found to spend significantly more time in parks 
(estimate: 42.071, t-value: 3.073), highlighting a unique park usage pattern within this group. 
Additionally, the presence of children in a household was positively associated with longer park visits 
(estimate: 13.125, t-value: 4.422), suggesting that parks are a favored destination for families with 
children. 

Modes of travel also influenced park visit durations to some extent. Notably, visitors who traveled by 
motor vehicle tended to spend more time in parks (estimate: 12.424, t-value: 2.147), possibly 
indicating a more planned or leisure-oriented visit. 

Lastly, the purpose of the visit played a role, with those visiting as part of a journey or traveling through 
parks spending more time than others, although this was not statistically significant in all cases. 

Table 4: Time spend in park estimated with mixed effect model. 

Duration of Park visits  Estimate Std. Error t value 
(Intercept) 46.051 31.179 1.477 
age 18 30 -29.228 21.287 -1.373 
age 31 40 -18.168 21.357 -0.851 
age 41 50 -22.036 21.780 -1.012 
age 51 60 -14.874 21.060 -0.706 
age 61 70 -11.272 18.942 -0.595 
age 71 80 -13.041 19.280 -0.676 
gender female -1.916 4.745 -0.404 
gender other -22.452 19.953 -1.125 
education level less than high school -1.073 9.938 -0.108 
education level high school -5.113 5.467 -0.935 
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Duration of Park visits  Estimate Std. Error t value 
occupation retired 12.087 15.836 0.763 
occupation unemployed 25.172 15.648 1.609 
occupation stay at home -9.514 17.922 -0.531 
occupation student 42.071 13.692 3.073 
occupation self employed 12.418 14.966 0.830 
occupation full employment 10.439 10.777 0.969 
occupation part time employment 19.650 13.063 1.504 
children in household 13.125 2.968 4.422 
adults in household 0.530 2.766 0.192 
type business traveler -2.639 19.346 -0.136 
type tourist 6.772 7.069 0.958 
travel time 0.005 0.008 0.608 
travel type cycle 2.272 6.414 0.354 
travel type motor vehicle 12.424 5.787 2.147 
travel type public transport -0.148 10.769 -0.014 
travel type running -6.043 11.803 -0.512 
purpose of visit part of purpose 1.592 10.356 0.154 
purpose of visit traveling through 8.884 5.993 1.482 

 

6.1.2 Results of the Logistic Mixed-Effects Model for Park Visit Frequency 
The logistic mixed-effects model for park visit frequency provides insightful details on the factors 
influencing how often individuals visit urban green spaces within a two-week period. The model 
presents an Akaike Information Criterion (AIC) of 752.0 and a Bayesian Information Criterion (BIC) of 
891.5, offering a balance between model fit and complexity. The log-likelihood stands at -345.0, with 
a deviance of 690.0 across 634 residual degrees of freedom, indicating the model's overall 
performance in fitting the data. 

The scaled residuals, ranging from a minimum of -5.2365 to a maximum of 4.5370, with interquartile 
values between -0.6595 and 0.6272, suggest a reasonable distribution of residuals. Regarding the 
random effects, the variance and standard deviation for park names (Variance = 0.1429, Std. Dev. = 
0.378) and cities (Variance = 1.9971, Std. Dev. = 1.413) indicate the extent of variability attributed to 
these groupings. The model covers 665 observations across 13 parks and 3 cities, underscoring the 
hierarchical structure of the dataset and the appropriateness of the mixed-effects modeling approach 
in this context. 

Age groups do not show significant differences in park visit frequencies, with all age categories, 
including 'age 18 30', 'age 31 40', and others, not differing markedly from the baseline group of 
individuals aged 80 and above. Gender emerges also as a non-significant factor in influencing visit 
frequency, with 'gender female' (-0.191) and 'gender other' (0.023) showing no substantial impact 
relative to the 'gender male' baseline. However, occupational status notably affects visit frequency. 
Retired individuals ('occupation_retired', p = 0.022) and the self-employed 
('occupation_self_employed', p = 0.032) are more inclined towards frequent park visits, while the 
presence of children in a household ('children in household', p = 0.042) appears to reduce visit 
frequency. 
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Visitor type significantly influences the frequency of visits, with business travelers 
('type_business_traveler', p = 0.005) and tourists ('type_tourist', p < 0.001) less likely to visit parks 
frequently. The mode of travel also plays a substantial role; those traveling by cycle 
('travel_type_cycle', p = 0.008) and motor vehicle ('travel_type_motor_vehicle', p < 0.001) tend to 
have less frequent park visits. 

Lastly, the purpose of the visit is a crucial factor. Individuals using parks as part of their journey 
('purpose_of_visit_traveling_through', p = 0.027) tend to visit more frequently, highlighting the parks' 
role in daily urban commuting and recreation. 

In conclusion, the model reveals that occupational status, household composition, type of visitor, 
mode of travel, and purpose of visit all significantly contribute to how often individuals visit urban 
green spaces, painting a complex picture of urban park usage patterns. 

Table 5: More than one visit estimated with a logit mixed effect model. 

Park Visit Frequency Estimate Std. Error z value Pr(>|z|) 
(Intercept) 0.903 1.617 0.559 0.576 
age 18 30 -0.851 1.345 -0.633 0.527 
age 31 40 -0.745 1.349 -0.552 0.581 
age 41 50 -0.623 1.357 -0.459 0.646 
age 51 60 -0.371 1.345 -0.276 0.783 
age 61 70 -1.531 1.305 -1.173 0.241 
age 71 80 -1.561 1.341 -1.164 0.244 
gender female -0.191 0.202 -0.947 0.344 
gender other 0.023 0.875 0.026 0.979 
education level less than high school 0.208 0.443 0.470 0.638 
education level high school 0.183 0.233 0.787 0.431 
occupation retired 1.634 0.711 2.299 0.022 
occupation unemployed 1.001 0.678 1.476 0.140 
occupation stay at home 0.773 0.797 0.969 0.332 
occupation student 0.271 0.604 0.448 0.654 
occupation self employed 1.428 0.664 2.150 0.032 
occupation full employment 0.576 0.485 1.189 0.234 
occupation part time employment 0.561 0.575 0.975 0.330 
children in household -0.266 0.131 -2.029 0.042 
adults in household 0.004 0.119 0.033 0.974 
type business traveler -2.760 0.982 -2.810 0.005 
type tourist -1.765 0.332 -5.320 0.000 
travel time -0.001 0.001 -0.727 0.467 
travel type cycle -0.746 0.283 -2.633 0.008 
travel type motor vehicle -1.000 0.271 -3.687 0.000 
travel type public transport -0.616 0.498 -1.236 0.216 
travel type running 0.393 0.462 0.849 0.396 
purpose of visit part of purpose 0.403 0.466 0.865 0.387 
purpose of visit traveling through 0.586 0.265 2.212 0.027 
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6.2 Result of principal component analysis estimated to determine the 
motivation for park visits 

In our Principal Component Analysis (PCA) conducted to explore the motivations behind park visits, 
the Varimax-rotated analysis on the scaled data set identified seven principal components (PCs) with 
eigenvalues above 1, indicative of their significance in explaining the variance within the dataset. The 
model's fit was substantiated by a Chi-square value of 100028.4 (degrees of freedom = 3314, 
probability < 0.00), and the Root Mean Square of the Residuals (RMSA) stood at 0.06, reflecting a 
satisfactory model fit. Each of these seven components demonstrated a notable capacity to capture 
variance within the data, with sum of squared loadings for RC1 at 5.849, RC2 at 5.535, RC3 at 4.890, 
RC4 at 4.259, RC5 at 3.200, RC6 at 2.981, and RC7 at 2.628. These components cumulatively accounted 
for a substantial proportion of the dataset's variability, starting from 6.6% by RC1 and reaching a total 
of 33.0% by RC7. The distribution of variance across these components suggests a multi-dimensional 
nature of park visit motivations, without a single factor dominating.  

The next analytical step involves delving into the loadings of individual variables on these components 
to interpret the specific motivational attributes they represent, thereby enhancing our understanding 
of the diverse factors driving urban green space utilization. 

6.2.1 Introduction to Principal Component Archetypes 
In our study of park visitation, Principal Component Analysis (PCA) effectively distilled varied visitor 
responses into seven distinct archetypes. These archetypes represent a diverse range of motivations, 
preferences, and demographics of park visitors, each defined by a unique mix of socio-economic 
factors, immediate feelings, and perceptions of the park environment. This concise mapping of 
respondent profiles from our statistical analysis reveals the complex nature of park visitation, 
highlighting the varied ways different groups interact with and experience urban green spaces.  

The loadings of variables on each component can be viewed in appendix A. In the following each of 
the seven components is interpreted based on the loadings of individual variables. 

6.2.2 “Urban Relaxation visitor” Component Interpretation 
The "Urban Relaxation visitor” component, as identified in the first principal component (PC1) of our 
PCA analysis, exemplifies visitors who primarily seek mental relaxation and brief escapes in urban 
parks. Key features of this component are underpinned by specific loadings, painting a picture of their 
motivations and preferences: 

• Mental Relaxation and Positive Park Experience: High positive loadings on feeling relaxed 
(0.26), no worries (0.45), and clearing thoughts (0.51) typify visitors who experience 
significant mental benefits during park visits. The negative loading on feeling alert (-0.63) 
suggests relaxation or disengagement from routine alertness. 

• Perception of Park Environment: This group perceives parks as safe (loading: 0.44) and of 
high quality (loading: 0.64), reflecting a preference for well-maintained and secure 
environments. 

• Visit Patterns: The negative loading on time spent in park (-0.62) indicates preferences for 
shorter park visits, while the positive loading on visit frequency within two weeks (0.45) 
highlights their tendency for more frequent visits. 

• Demographic Profile: The component shows less representation of younger age groups like 
'age 18-30' (-) and a slight alignment with middle-aged visitors, indicated by the loading for 
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'age 51-60' (0.16). The negative loading for 'children in household' (-0.23) suggests a lower 
representation of visitors with children. 

• Socio-Economic Factors: There is no strong alignment with specific gender or educational 
levels, as evidenced by the lack of significant loadings for these variables ('gender female' (-), 
'education level high school' (-)). 

In essence, the Urban Relaxation visitor are primarily middle-aged individuals who frequent parks for 
short durations, seeking mental peace and valuing the quality and safety of the park environment. 
They are not predominantly defined by gender, education level, or the presence of children in their 
households. 

6.2.3 “Affluent Activity visitor” Component Interpretation 
The "Affluent Activity visitor" as depicted by the second principal component (PC2), represent a 
distinct segment of park visitors. Their profile is marked by a blend of active lifestyles, higher 
education, and financial well-being: 

• Socio-economic Status: This group is characterized by higher education levels, particularly 
evident in the positive loading for 'education level post-secondary education' (0.50). Coupled 
with this, the significant positive loading on 'household income' (0.68) indicates that these 
visitors are likely to belong to higher-income brackets. The presence of positive loadings on 
both full-time ('occupation full employment' (-0.18)) and part-time employment ('occupation 
part-time employment' (0.20)) suggests a group that is professionally active. 

• Active Lifestyle and Motivations: The component exhibits lesser representation of the 'age 
31-40' (-) group and shows a clear preference for active engagements, as seen in the positive 
loadings on 'reason physical health' (0.41) and 'reason explore' (0.16). This points to a strong 
inclination towards physical activities rather than passive enjoyment or relaxation-focused 
motivations. 

• Interaction with Urban Green Spaces: The "Affluent Activity visior" are likely to use urban 
parks for fitness and active pursuits, aligning with their lifestyle and socio-economic status. 
Their engagement with parks is dynamic, focusing on maintaining an active lifestyle, which is 
a key component of their park visit motivations. 

In summary, the "Affluent Activity visitor" archetype encapsulates well-educated, financially affluent 
individuals who value active and physical engagement in parks. Their interaction with urban green 
spaces is predominantly driven by a desire for physical activity, aligning with their active, affluent 
lifestyles. 

6.2.4 "Community-Connected Wellness visitor" Component Interpretation 
The third principal component (PC3), which we can call the "Community-Connected Wellness visitor," 
captures an archetype of park visitors who are significantly influenced by their sense of community 
well-being and personal mental health. The following loadings help define this group: 

• Community and Mental Wellness Focus: Notable loadings include positive values on 'life 
satisfaction' (0.64), 'community belonging' (0.34), 'community satisfaction' (0.31), 'last week 
feeling good spirits numeric' (0.65), 'last week feeling relaxed numeric' (0.55), and 'last week 
feeling activ numeric' (0.53), suggesting a strong connection between park visit motivations 
and overall life satisfaction, community well-being, and personal mental health. 

• Education and Awareness: The negative loading on 'education level no formal education' (-
0.43) may indicate that this group generally possesses higher educational backgrounds, 
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which could correlate with a greater awareness of mental health and community 
engagement. 

• Age Factor: There are no specific age group loadings that stand out significantly in PC3, 
suggesting that this wellness and community focus transcends age barriers. 

• Occupation and Lifestyle: The lack of specific occupational loadings implies that this 
archetype's motivations are less influenced by their professional status and more by their 
personal and community well-being. 

The "Community-Connected Wellness visitor" represent park visitors who are deeply influenced by 
their sense of community and personal mental health. Their park visits are likely driven by a desire to 
enhance their mental well-being, connect with their community, and find a sense of relaxation and 
activity that contributes to their overall life satisfaction. This archetype highlights the role of urban 
green spaces in supporting community engagement and personal mental health across various 
demographics. 

6.2.5 "Family-Focused Recreational Visitors" Component Interpretation 
The fourth principal component (PC4), which can be aptly named "Family-Focused Recreational 
Visitors," seems to capture an archetype of park visitors whose primary motivation revolves around 
family-oriented activities and recreation. Key loadings that characterize this group are: 

• Family and Children Oriented: Significant positive loadings on 'age 31-40' (0.34), 'age 41-50' 
(0.29), 'children in household' (0.68), and 'reason children' (0.72) suggest this component 
represents individuals in their middle age, likely parents, who visit parks primarily for 
activities involving their children. 

• Recreational Activities: The positive loading on 'purpose of visit traveling through' (0.27) 
might indicate that these visitors use parks as recreational waypoints, possibly as part of a 
larger outing or routine. 

• Educational and Occupational Variance: There are mild negative loadings on 'education 
level high school' (-0.25) and 'education level post-secondary education' (0.25), along with 
positive loadings on various occupation categories like 'occupation full employment' (0.28), 
'occupation stay at home' (0.18), suggesting a diverse range in terms of education and 
occupation. 

• Travel Modes and Age Groups: The component shows varied loadings on travel modes, 
including 'travel type cycle' (-0.28), 'travel type motor vehicle' (0.54), and 'travel type 
walkling' (-0.18), indicating different preferences in how these visitors commute to parks. 
The negative loadings on younger age groups like 'age 18-30' (-0.46) and positive loadings on 
middle age groups further reinforce the family-centric nature of this visitor archetype. 

The "Family-Focused Recreational Visitors" archetype portrays a group of park visitors who are 
primarily motivated by family and children-related activities. Their park usage is characterized by 
recreational purposes, reflecting a preference for parks as spaces for family engagement and leisure 
activities. This group's diverse educational and occupational backgrounds, coupled with their varied 
modes of travel to parks, underscore the multifaceted nature of family-oriented park visitation. 

6.2.6 “Retired Community visitor" Component Interpretation 
PC5, aptly named "Retired Community visitor" appears to capture a segment of park visitors who are 
predominantly retired individuals seeking relaxation and community connection. This interpretation 
emerges from the following significant loadings: 
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• Retired and Older Age Groups: The positive loadings on 'age 61-70' (0.40), 'age 71-80' 
(0.52), and 'age 80' (0.38), coupled with a significant positive loading on 'occupation retired' 
(0.78), suggest that this component is strongly representative of retired individuals. This 
demographic likely values parks as spaces for leisure and relaxation. 

• Community Engagement and Satisfaction: The component shows positive loadings on 
community-related variables like 'community belonging' (0.37) and 'community satisfaction' 
(0.34). This indicates that these visitors may seek parks not only for personal leisure but also 
as spaces fostering a sense of community and belonging. 

• Feelings of Relaxation and Calm: The loadings on feeling relaxed (0.29) and calm (0.22) align 
with the leisurely and tranquil experiences sought by this group in park environments. These 
feelings reflect the importance of parks as spaces for mental well-being and relaxation for 
the retired community. 

• Local Residents and Nature Connection: The positive loading on 'type local' (0.26) and 
'reason connect to nature' (0.20) further suggest that this archetype consists mainly of local 
residents who visit parks to connect with nature and enjoy the tranquility it offers. 

The "Retired Community visitor" represent a significant segment of park visitors, predominantly 
retired individuals who appreciate parks as tranquil spaces for leisure, relaxation, and community 
connection. Their engagement with parks underscores the importance of urban green spaces in 
catering to the mental well-being and social needs of the retired population, providing an environment 
for relaxation and a sense of belonging. 

6.2.7 "Transit-Route Visitor" Component Interpretation 
PC6, aptly named "Transit-Route Visitor" seems to represent park visitors who use urban green spaces 
primarily as transit routes or for walking. This interpretation is drawn from key loadings: 

• Travel Through and Walking: The positive loadings on 'purpose of visit traveling through' 
(0.39) and 'travel type walking' (0.68) strongly suggest that this component is representative 
of individuals who use parks as part of their walking routes, possibly for commuting or as a 
scenic shortcut. 

• Local Residents: The positive loading on 'type local' (0.46) indicates that these visitors are 
likely residents living in close proximity to the parks, using them regularly as part of their 
local travel routines. 

• Age and Lifestyle: There are no specific loadings indicating a particular age group, suggesting 
that this behaviour transcends age barriers and is more related to lifestyle and convenience. 

• Community and Recreational Aspects: The component also shows a positive loading on 
'facilities numeric' (0.30) and 'reason social relationship' (0.22), hinting that while the 
primary use is transit, these visitors also appreciate the recreational facilities and social 
aspects of the parks. 

The "Transit-Route Visitor" archetype thus encapsulates park visitors who integrate urban green 
spaces into their daily travel and walking routines. For them, parks serve not just as recreational areas 
but as integral components of their local transit routes, offering both convenience and an enhanced 
commuting experience. This group's interaction with parks highlights the role of urban green spaces 
in facilitating sustainable and enjoyable urban transit experiences for local residents. 
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6.2.8 "Youthful Recreational Socializers" Component Interpretation 
PC7, which can be termed as "Youthful Recreational Socializers," appears to represent a younger 
demographic of park visitors engaged in social and recreational activities. This interpretation is based 
on the following loadings: 

• Younger Age Groups and Gender: The positive loadings on 'age 18-30' (0.37) and 'gender 
female' (0.62), coupled with negative loadings on 'gender male' (-0.62), suggest that this 
component is representative of younger female visitors, indicating a gender and age-specific 
pattern in park utilization. 

• Educational and Occupational Aspects: The component shows mixed loadings on educational 
levels, with negative loadings on 'education level high school' (-0.25) and positive loadings on 
'education level post-secondary education' (-0.35), suggesting a diverse educational 
background among these visitors. Similarly, 'occupation student' (0.43) and 'occupation full 
employment' (-0.36) indicate a mix of students and working individuals. 

• Social and Recreational Motivation: The negative loading on 'reason children' (-0.17) 
combined with positive loadings on 'purpose of visit part of purpose' (-0.35) and 'reason social 
relationship' (0.22) indicates that their park visits are likely motivated by social interactions 
and recreational activities rather than family-oriented purposes. 

• Lifestyle and Travel Preferences: The component also reflects lifestyle choices and travel 
preferences, with positive loadings on 'travel type running' (-0.17) and 'travel type walkling' 
(0.24), suggesting that these visitors might prefer active modes of travel to parks. 

The "Youthful Recreational Socializers" archetype thus characterizes a segment of park visitors 
predominantly composed of younger, socially active individuals, possibly students or young 
professionals, who utilize parks for socializing and recreational activities. Their interaction with parks 
underscores the importance of urban green spaces as venues for social engagement and leisure 
among the younger population. 

6.3 Drivers of wellbeing of visitors 

6.3.1 Construction of underlying variables of momentary assessment responses 
Our initial exploration of momentary assessment responses revealed a substantial degree of 
correlation among the variables. To address this and construct new standardized variables capturing 
the majority of the variance, we conducted a Principal Component Analysis (PCA). This analysis was 
aimed at creating variables with a mean of zero and a standard deviation of one. Our PCA identified 
three components with eigenvalues above one, indicating their significance in capturing response 
variance. 

The model's sufficiency test, based on a Chi-Square value of 657.96 (degrees of freedom = 3, 
probability < 2.7e-142), and the Root Mean Square of the Residuals (RMSA) at 0.11, confirmed the 
adequacy of three factors in representing the data. The analysis was performed on 665 observations. 

The loadings of the three components, labeled RC1, RC2, and RC3, are as follows: 

• RC1 – Happy & calm: This component is primarily defined by high loadings on 'feel_happy' 
(0.841), 'feel_calm' (0.862), and 'feel_relaxed' (0.741), suggesting that it represents a state of 
general contentment and relaxation. 
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• RC2 – Focused: The second component shows significant loadings on 'feel_no_worries' (0.829) 
and 'feel_clearing_thoughts' (0.855), indicating an association with mental clarity and 
freedom from worries. 

• RC3 – Alert : The third component is characterized by strong loadings on 'feel_alert' (0.797) 
and 'feel_energized' (0.558), pointing to a state of alertness. 

The sum of squared loadings for RC1, RC2, and RC3 are 2.105, 1.964, and 1.147 respectively, 
accounting for 30.1%, 28.1%, and 16.4% of the variance. The cumulative variance explained by these 
three components reaches 74.5%. 

These results from the PCA illustrate distinct dimensions of momentary emotional states as reported 
by park visitors: a dimension of being of happy and calm (RC1), one of mental focus and clarity (RC2), 
and a dimension capturing alertness (RC3). This nuanced understanding aids in comprehensively 
capturing the emotional experiences of individuals in urban green spaces. The principal scores of the 
three components will serve as dependent variables detangling drivers of different emotional and 
momentary assessments. 

6.3.2 Construction of underlying variables of state of mind within the last two weeks 
In our examination of the state of mind over the last two weeks, we observed correlations among 
responses similar to our findings in momentary assessments. To distill the underlying variation in these 
responses and construct new variables based on principal component scores, we conducted a 
Principal Component Analysis (PCA) with two factors. 

The PCA, performed on 665 observations, supported the sufficiency of two factors. This conclusion is 
substantiated by a Chi-Square value of 321.2 (degrees of freedom = 1, probability < 7.9e-72) and a 
Root Mean Square of the Residuals (RMSA) at 0.11. The test indicates that two factors are adequate 
in capturing the essence of the data. 

The loadings of the two components, RC1 and RC2, are as follows: 

• RC1 - Rested and engaged : This component predominantly reflects a state of rest and 
engagement, evidenced by high loadings on 'last_week_feeling_rested_numeric' (0.887) and 
'last_week_feeling_engaged_numeric' (0.795). This suggests that RC1 captures the aspect of 
feeling rested and mentally involved. 

• RC2 content and relaxed: The second component is characterized by loadings on 
'last_week_feeling_good_spirts_numeric' (0.864) and 'last_week_feeling_relaxed_numeric' 
(0.833), indicating an association with overall well-being and relaxation. 

The sum of squared loadings for RC1 and RC2 are 1.839 and 1.743, respectively, accounting for 36.8% 
and 34.9% of the variance. The cumulative variance explained by these two components is 71.6%. 

These PCA results reveal two distinct dimensions of respondents' emotional states over the last two 
weeks: one dimension represents a sense of being rested and engaged (RC1), and the other reflects a 
feeling of  being content and relaxed (RC2). This analysis enhances our understanding of the broader 
emotional patterns experienced by individuals in their day-to-day lives, extending beyond the 
immediate context of park visits. Also, the principal scores of these two components will serve as 
explanatory variables contributing to the explanation of the momentary assessment of respondents. 

6.3.3 Drivers of feeling happy and calm in an urban green space  
In our linear mixed model analysis of the 'happy and calm' component, which reflects the mental state 
of park visitors, several insights emerged. The model included standardized socio-economic variables 
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and dummy variables as predictors, offering a nuanced understanding of what influences visitors' 
feelings of happiness and calmness in parks. 

The variable 'rested and engaged' showed a positive and significant effect (Estimate: 0.1074, Std. 
Error: 0.03719, t-value: 2.888), suggesting that feeling rested and engaged is strongly associated with 
higher levels of happiness and calmness. Similarly, 'content_and_relaxed' had a significant positive 
impact (Estimate: 0.2571, Std. Error: 0.03793, t-value: 6.778), highlighting the importance of 
contentment and relaxation in contributing to these feelings. 

Regarding age groups, younger age categories, such as 'age_18_30' (Estimate: -0.5304), indicated a 
negative association with happiness and calmness, though this was not statistically significant. This 
suggests a tendency for younger visitors to experience lower levels of these emotional states, 
compared to older age groups. 

Gender differences were observed, with 'gender_female' having a slightly positive but non-significant 
coefficient (Estimate: 0.09149), while 'gender_other' showed a negative but not statistically significant 
effect (Estimate: -0.3257). Education levels did not show a significant impact on the 'happy and calm' 
component. 

Various occupational statuses, such as 'occupation_retired', 'occupation_unemployed', and 
'occupation_self_employed', showed negative effects, but these were not statistically significant, 
indicating a lack of strong evidence to conclude that occupation status significantly impacts happiness 
and calmness in park settings. 

Family composition had mixed effects, with 'children_in_household' showing a negligible negative 
impact (Estimate: -0.01228) and 'adults_in_household' having a positive and significant effect 
(Estimate: 0.1320, t-value: 2.966). This suggests that the presence of adults in the household might 
contribute positively to these emotional states. 

Visitor type and travel mode also influenced these feelings. 'Type_business_traveler' demonstrated a 
significant negative effect (Estimate: -0.7753, t-value: -2.456), indicating that business travelers might 
experience lower levels of happiness and calmness. 'Travel_type_motor_vehicle' showed a small 
positive but non-significant effect (Estimate: 0.1135). 

Lastly, the purpose of visit varied in impact. 'Purpose_of_visit:_part_of_purpose' had a negative but 
non-significant effect (Estimate: -0.3106), while 'purpose_of_visit:_traveling_through' showed no 
significant impact. 

The model included random effects for variability across different parks ('park_name') and cities 
('city'), emphasizing the importance of location-specific factors in influencing visitors' emotional 
experiences in parks. 

In summary, the model reveals that feelings of being rested, engaged, content, and relaxed are 
significant predictors of happiness and calmness in park environments. The presence of adults in the 
household also emerges as a significant positive influence. In contrast, age, gender, occupation, and 
most travel modes and visitor types do not significantly affect these emotional states. These findings 
suggest that park experiences and their impact on visitors' mental well-being are more closely related 
to their immediate emotional states and household composition than to their demographic or 
occupational backgrounds. 
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Table 6: Mixed effect model explaining being happy and calm in a green space. 

Feeling happy & calm in an urban green 
space Estimate Std. 

Error z value Pr(>|z|) star 

(Intercept) 0.261 0.402 0.649 0.516 
 

Rested and engaged 0.107 0.037 2.888 0.004 ** 
content and relaxed 0.257 0.038 6.778 0.000 *** 
age 18 30 -0.530 0.345 -1.538 0.124 

 

age 31 40 -0.497 0.345 -1.440 0.150 
 

age 41 50 -0.589 0.353 -1.670 0.095 
 

age 51 60 -0.327 0.341 -0.959 0.338 
 

age 61 70 -0.205 0.307 -0.669 0.504 
 

age 71 80 -0.039 0.312 -0.124 0.902 
 

gender female 0.091 0.076 1.199 0.231 
 

gender other -0.326 0.321 -1.015 0.311 
 

education level less than high school 0.045 0.161 0.278 0.781 
 

education level high school 0.003 0.088 0.030 0.976 
 

occupation retired -0.212 0.255 -0.830 0.407 
 

occupation unemployed -0.125 0.253 -0.497 0.620 
 

occupation stay at home -0.269 0.289 -0.933 0.351 
 

occupation student -0.227 0.221 -1.029 0.304 
 

occupation self employed -0.285 0.242 -1.178 0.239 
 

occupation full employment -0.020 0.174 -0.115 0.909 
 

occupation part time employment -0.110 0.211 -0.522 0.602 
 

children in household -0.012 0.048 -0.254 0.799 
 

adults in household 0.132 0.045 2.966 0.003 ** 
type business traveler -0.775 0.316 -2.456 0.014 * 
type tourist -0.033 0.116 -0.287 0.774 

 

travel time 0.000 0.000 -0.056 0.955 
 

travel type cycle -0.070 0.106 -0.662 0.508 
 

travel type motor vehicle 0.114 0.099 1.151 0.250 
 

travel type public transport -0.204 0.175 -1.168 0.243 
 

travel type running 0.055 0.191 0.286 0.775 
 

purpose of visit: part of purpose -0.311 0.167 -1.863 0.063 
 

purpose of visit: traveling through 0.017 0.097 0.175 0.861 
 

 

6.3.4 Drivers of feeling focused in an urban green space  
In our study analyzing the 'focused' component, which measures concentration and attention in park 
visitors, the linear mixed model revealed several insightful findings. Key among them was the 
significant positive influence of the state of being rested and engaged on focus (Estimate: 0.1779962, 
t-value: 5.388). This result underscores the importance of mental engagement and rest in enhancing 
an individual's ability to concentrate. 

Interestingly, the presence of children in the household emerged as a factor that significantly detracts 
from focus (Estimate: -0.0967760, t-value: -2.274), suggesting that familial responsibilities might 
impact mental clarity and freedom from worries. Among different age groups, individuals in the 41-
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50 age range displayed a notable increase in focus (Estimate: 0.8282999, t-value: 2.645), while other 
age groups did not show statistically significant effects. 

The model also indicated that gender, education levels, and various occupational statuses, including 
being retired or self-employed, do not significantly influence focus. Similarly, types of visitors and 
modes of travel, such as business travelers or those traveling by cycle or motor vehicle, were not 
significant determinants of the ability to focus. 

Finally, the inclusion of random effects for park names and cities in the model suggested a minor role 
of these factors in influencing focus, as indicated by the relatively small variances. 

Overall, our findings highlight that an individual's mental state and family context significantly 
influence their ability to focus in park settings, while demographic factors like age, gender, and 
occupation play less of a role. These insights contribute to our understanding of how personal and 
environmental factors interact to affect clarity of thought and attention in urban green spaces. 

Table 7: Mixed effect model explaining being focused in a green space. 

Feeling focused in an urban green 
space Estimate Std. 

Error z value Pr(>|z|) star 

(Intercept) -0.398 0.505 -0.787 0.432 
 

state rested n engaged 0.178 0.033 5.388 0.000 *** 
content n relaxed 0.061 0.033 1.825 0.068 

 

age 18 30 0.495 0.306 1.618 0.106 
 

age 31 40 0.403 0.307 1.312 0.190 
 

age 41 50 0.828 0.313 2.645 0.008 ** 
age 51 60 0.433 0.302 1.432 0.153 

 

age 61 70 0.414 0.273 1.517 0.130 
 

age 71 80 0.473 0.276 1.712 0.087 
 

gender female 0.001 0.068 0.014 0.989 
 

gender other 0.467 0.286 1.631 0.103 
 

education level less than high school -0.018 0.143 -0.129 0.898 
 

education level high school 0.083 0.078 1.063 0.288 
 

occupation retired 0.062 0.227 0.275 0.784 
 

occupation unemployed -0.027 0.224 -0.121 0.904 
 

occupation stay at home -0.081 0.257 -0.314 0.754 
 

occupation student -0.021 0.196 -0.107 0.915 
 

occupation self employed -0.167 0.215 -0.775 0.438 
 

occupation full employment -0.003 0.155 -0.017 0.986 
 

occupation part time employment -0.134 0.187 -0.717 0.474 
 

children in household -0.097 0.043 -2.274 0.023 * 
adults in household 0.014 0.040 0.362 0.718 

 

type business traveler -0.394 0.279 -1.416 0.157 
 

type tourist -0.150 0.101 -1.479 0.140 
 

travel time 0.000 0.000 0.422 0.673 
 

travel type cycle 0.088 0.092 0.949 0.343 
 

travel type motor vehicle 0.074 0.083 0.896 0.371 
 

travel type public transport 0.073 0.154 0.474 0.635 
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Feeling focused in an urban green 
space Estimate Std. 

Error z value Pr(>|z|) star 

travel type running 0.254 0.170 1.498 0.135 
 

purpose of visit part of purpose -0.263 0.148 -1.769 0.077 
 

purpose of visit traveling through -0.016 0.086 -0.188 0.851 
 

 

6.3.5 Drivers of feeling alert in an urban green space  
In our analysis of factors influencing the 'alert' component in park visitors, a linear mixed model was 
utilized, revealing several significant insights. The model incorporated a range of standardized socio-
economic variables, dummy variables, and random effects associated with park names and cities. 

Our findings showed that while the state of being rested and engaged ('rested_n_engaged'), and 
feeling content and relaxed ('content_and_relaxed') were included in the model, they did not 
significantly influence the alertness of individuals in park settings. This suggests that these particular 
mental states may not be crucial determinants of alertness in the context of park visits. 

Several occupational statuses were found to have significant negative impacts on alertness. Notably, 
being retired ('occupation_retired', Estimate: -0.4704), unemployed ('occupation_unemployed', 
Estimate: -0.7418), a stay-at-home individual ('occupation_stay_at_home', Estimate: -0.6065), a 
student ('occupation_student', Estimate: -0.6973), self-employed ('occupation_self_employed', 
Estimate: -0.5680), in full employment ('occupation_full_employment', Estimate: -0.4843), and in 
part-time employment ('occupation_part_time_employment', Estimate: -0.4063) were all associated 
with lower levels of alertness. These findings suggest that the baseline for employment which were  
no contact with the labor market can significantly affect peoples experience of alertness in parks. 

Interestingly, the model indicated that having children in the household ('children_in_household', 
Estimate: 0.07318) might slightly enhance alertness, although this was not a strong effect. Gender, 
age, education levels, and visitor types, such as business travelers ('type_ business _traveler', 
Estimate: 0.7726) or tourists ('type_tourist'), showed no significant impacts on alertness. Similarly, 
travel modes, including traveling by cycle, motor vehicle, public transport, or running, did not 
significantly influence alertness levels. 

The model's random effects, accounting for variations across different parks and cities, were relatively 
minor, suggesting that these broader environmental factors have a limited role in influencing 
alertness. 

In summary, our model highlights that lack of employment is a significant predictor of alertness in park 
settings, with various occupations linked to lower levels of alertness. The presence of children in the 
household may slightly increase alertness, but other demographic factors, such as age, gender, and 
education, as well as visitor types and travel modes, do not show a significant impact. This suggests 
that personal and professional life circumstances play a more crucial role than demographic 
characteristics in determining how alert individuals feel in urban green spaces. 
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Table 8: Mixed effect model explaining being alert in a green space. 

Feeling alert in an urban green space Estimate Std. 
Error z value Pr(>|z|) star 

(Intercept) 0.316 0.474 0.666 0.506 
 

state rested n engaged 0.042 0.034 1.242 0.215 
 

content n relaxed 0.029 0.035 0.833 0.405 
 

age 18 30 0.036 0.315 0.113 0.910 
 

age 31 40 0.154 0.316 0.486 0.627 
 

age 41 50 0.160 0.322 0.496 0.620 
 

age 51 60 -0.193 0.311 -0.619 0.536 
 

age 61 70 0.002 0.281 0.008 0.994 
 

age 71 80 0.018 0.285 0.064 0.949 
 

gender female -0.017 0.070 -0.246 0.806 
 

gender other -0.315 0.294 -1.073 0.284 
 

education level less than high school -0.249 0.147 -1.695 0.091 
 

education level high school 0.084 0.081 1.035 0.301 
 

occupation retired -0.470 0.233 -2.016 0.044 * 
occupation unemployed -0.742 0.231 -3.212 0.001 ** 
occupation stay at home -0.607 0.264 -2.297 0.022 * 
occupation student -0.697 0.202 -3.453 0.001 *** 
occupation self employed -0.568 0.221 -2.568 0.010 * 
occupation full employment -0.484 0.159 -3.048 0.002 ** 
occupation part time employment -0.406 0.193 -2.106 0.036 * 
children in household 0.073 0.044 1.663 0.097 

 

adults in household -0.002 0.041 -0.059 0.953 
 

type bussiness traveler 0.773 0.288 2.685 0.007 ** 
type turist 0.039 0.106 0.371 0.710 

 

travel time 0.000 0.000 0.399 0.690 
 

travel type cycle 0.073 0.096 0.760 0.448 
 

travel type motor vehicle 0.011 0.089 0.124 0.901 
 

travel type public transport 0.055 0.159 0.343 0.732 
 

travel type running 0.742 0.175 4.250 0.000 *** 
purpose of visit part of purpose -0.103 0.152 -0.679 0.498 

 

purpose of visit traveling through -0.134 0.089 -1.508 0.132 
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7 DISCUSSION 
In this study, we undertook a detailed study of visitor experiences in urban green spaces by conducting 
an onsite survey across three cities and within 13 parks. This extensive survey garnered a robust 
response, with 665 participants contributing their insights and experiences while being in a park. 

Central to our analytical approach was the use of mixed effect models. These models were crucial in 
accommodating the hierarchical structure of our data, arising from the varied contexts of different 
parks and cities. By incorporating random effects, we effectively controlled for these contextual 
variations, ensuring a nuanced analysis. Simultaneously, we integrated fixed effects to account for the 
socio-economic backgrounds of the respondents, allowing us to examine how variables such as age, 
gender, education, and occupation influenced their experiences in these green spaces. 

A key aspect of our analysis involved the application of Principal Component Analysis (PCA). This 
statistical method enabled us to distill the diverse motivations, preferences, and demographic 
characteristics from the survey responses into identifiable archetypes of park visitors. Through PCA, 
we extracted latent variables, or principal components, that represented the underlying structure of 
the responses. 

Building on the insights gained from PCA, we created new variables reflecting the momentary 
assessments of respondents. These variables captured the essence of their in-park experiences and 
feelings. We then integrated these newly constructed variables into our mixed effect models. This 
synthesis allowed us to delve deeper into understanding the drivers behind the range of feelings and 
experiences reported by park visitors. 

Our descriptive statistics revealed that people visiting parks generally exhibit a positive mental state, 
with their momentary assessments reflecting overall positivity. This suggests that urban green spaces 
are conducive to enhancing mental well-being. 

We further found that the time spent in parks is influenced by the presence of children in the 
household and the mode of travel to the park, specifically being driven there. This indicates that 
familial responsibilities and travel convenience play significant roles in determining the duration of 
park visits. 

Our analysis also showed that the frequency of park visits can be partially explained by occupational 
status. Notably, retirement and self-employment emerged as key factors, along with the purpose of 
the visit, particularly if it involved traveling through the park. Interestingly, having children was found 
to reduce the frequency of visits, highlighting the impact of family dynamics on park utilization. 

A principal component analysis helped us identify seven distinct archetypes of park visitors, each with 
different motivations for visiting green spaces. These archetypes include: 

• Urban Relaxation Visitors 

• Affluent Activity Visitors 

• Community-Connected Wellness Visitors 

• Family-Focused Recreational Visitors 

• Retired Community Visitors 

• Transit-Route Visitors 
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• Youthful Recreational Socializers 

These archetypes underscore the diverse range of visitor experiences and motivations, from seeking 
relaxation and community connection to focusing on family-oriented recreation and youthful 
socializing. 

Further, we discovered three primary dimensions of momentary emotional states as reported by park 
visitors: 

• A dimension of being happy and calm  

• A dimension of mental focus and clarity  

• A dimension capturing alertness 

In exploring the underpinnings of these emotional states, we found that the 'happy and calm' 
dimension could be explained in part by feelings of being rested, engaged, and content. Additionally, 
the presence of adults in the household emerged as a significant positive influence on this dimension. 
The 'focused' dimension of being in a park was also found to be influenced by an individual's mental 
state and their family context, suggesting a complex interplay between personal circumstances and 
emotional experiences. Finaly our analysis revealed that the lack of employment is a significant 
predictor of alertness in park settings. This finding points to the broader socio-economic implications 
of park visitation and the role of parks in supporting mental well-being and alertness among various 
demographic groups. Overall, our research provides a multifaceted view of park visitation, 
contributing valuable insights into the emotional and motivational landscape of urban green space 
users. 

Reflecting on the findings from our study, particularly regarding the momentary assessment of 
feelings in park visitors, an intriguing aspect emerges concerning the influence of prior emotional 
states on these assessments. The data suggests that the emotional experience of visitors in parks, 
characterized by feelings of happiness, calm, focus, or alertness, is at least partially shaped by their 
pre-existing emotional conditions. This interplay indicates a potential bidirectional causality, where 
not only do parks influence the current emotional state of visitors, but the visitors' preceding 
emotional states also color their experiences within the park. This complexity hints at a problem of 
endogeneity in our analysis, where the cause-and-effect relationship is reciprocal and intertwined.  

Acknowledging this interdependency is crucial for a holistic understanding of the emotional dynamics 
at play in urban green spaces and presents an interesting avenue for future research to explore the 
nuances of this bidirectional relationship, for instance, by exploring how people feel in other urban 
landscape with few recreational characteristics or adverse external factors. 

Through understanding these perceptions and experiences of park visitors, planners, landscape 
architects, and other relevant professionals might gain insights into what community value and how 
their parks are used. However, a key limitation here is that by the nature of an in-situ survey, we do 
not capture any information from individuals and groups who are not using the parks. Other methods 
would be required to gain insights on non-use and related barriers to access and to develop 
environmental and social interventions that could make local parks more broadly appealing and 
inclusive. 

An important outcome of this study is the illumination of park visitor archetypes, from “Urban 
Relaxation Visitors” to “Youthful Recreational Socializers”. Through developing our understanding of 
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different park user types, again, we may be able to invest in and manage our parks accordingly and 
deliver the benefits appropriately and equitably across communities.  
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APPENDIX A – ETHICS & SURVEY 

A.1 Privacy and Ethics  
Ethical approval for this study was obtained from the institutional research ethics boards of Aarhus 
University, other partner institutions, and the research review boards of the Urban Living Labs (ULLs). 
All ethical concerns were addressed prior to the study's commencement. 

The EMA survey ensured complete anonymity, with no self-identifying information collected. Survey 
responses were stored on a secure AU server, accessible only to project members. The data will be 
uploaded to the REGREN community on zenodo https://zenodo.org/communities/regreen to support 
future research. 

A.2 Survey questions translated into English:  

THE CHARACTERISTICS OF THE VISIT 

1. Are you a:  

• Resident  

• Tourist/Visitor  

• Business Traveller  

• Other (please specify)   

2. Where is your current place of residence (suburb or neighbourhood)?– Please DON’T provide 
street address     

3. On this visit, until this moment, how long have you spent at this location?  

Hours, minutes   

4. In the last 2 weeks, including this occasion, approximately how many times have you visited 
this location?  

• Just this once in the last two weeks 
• 2 to 3 times in the last two weeks 
• More than 3 times in the last two weeks  

5. What is the primary purpose of being here now?   

• A trip to come here and other places as well   

• Passing through   

• A trip only to come here   

6. Please select up to three reasons for your visit  

• For physical health or exercise   

• For mental health and well being   

• To look after children / other family members   

https://zenodo.org/communities/regreen
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• To get fresh air   

• To take a break, for example to have lunch  

• To walk a dog   

• To learn something new / challenge myself / explore a new place   

• To connect to nature / watch wildlife   

• Socialising  

• Passing through  

• For shade / to cool down  

• For other reasons (specify)    

7.  How many adults aged 18 and over are with you on this visit?  

• None  

• One  

• Two or more   

8. How many children aged under 18 are with you on this visit?  

• None  

• One  

• Two or more   

9. Approximately how long was your total journey time from your start point to here?   

Hours and minutes   

10. What form of transport did you use on this journey for the majority of the distance?   

• Personal motorised transport (e.g. car, van, motorbike, including taxi)  

• Walking (including wheelchair use and mobility scooters)  

• Bicycle  

• Ran/jogged  

• Public transport  

• Other   
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EXPERIENCE AND EMOTIONAL STATE WHILE VISITING    

11.  Overall, how would you describe the quality of this location?  

• Very good  

• Good   

• Neither good, nor bad   

• Bad  

• Very bad  

• 99. Don’t know   

12. How much do you agree with the statements below?  

"I feel safe here"  

"the area is free from litter/vandalism"  

"there are good facilities (e.g., toilets, benches)"  

"there is wildlife to see and enjoy"  

• Strongly disagree  

• Disagree  

• Slightly disagree  

• Neither agree or disagree  

• Slightly agree  

• Agree  

• Strongly agree   

13. On a scale of 1 (not at all) to 7 (completely), At the moment, do you feel … ?   

• Happy  

• Calm  

• Alert  

• Energised  

• Relaxed  

• I can forget my worries here  

• Visiting here is a way of clearing and clarifying my thoughts  
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WELLBEING  

14. Please indicate for each of the five statements which is closest to how you have been feeling 
over the last two weeks.  

a) I have felt cheerful and in good spirits.  

b) I have felt calm and relaxed.  

c) I have felt active and vigorous.  

d) I woke up feeling fresh and rested.  

e) My daily life has been filled with things that interest me.   

Responses:   

• At no time  

• Some of the time  

• Less than half of the time  

• More than half of the time  

• Most of the time  

• All of the time  

• 99. Prefer not to say   

15. All things considered, how satisfied are you with your life as a whole nowadays?   

0  (Extremely dissatisfied) -  10=Extremely satisfied  

• 98. Don’t know  

• 99. Prefer not to say   

16. How satisfied are you with feeling part of your community?  

  0  (Extremely dissatisfied) -  10=Extremely satisfied  

• 98. Don’t know  

• 99. Prefer not to say   

SOCIODEMOGRAPHIC QUESTION   

17. What is your age?    

• 18-30  

• 31-40  

• 41-50  

• 51-60  

• 61-70  
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• 71-80  

• 80+  

• 99. Prefer not to say   

18. How many children (below under 18 years) live in your household?  

• 0   

• 1   

• 2   

• 3   

• 4 or more  

• 99. Prefer not to say    

19. How many adults (persons aged 18 years and above) live in your household (including 
yourself)?  

• 1   

• 2   

• 3   

• 4 or more  

• 99. Prefer not to say   

20. What gender do you identify as?  

• Man  

• Woman  

• In another way (specify)  

• 99. Prefer not to say   

21. What is your highest level of education?   

• No formal education  

• Less than a high school diploma  

• High school diploma  

• Tertiary or Post-secondary education  

• 99. Prefer not to say   

22. What is your current employment status?   

• Employed full-time  

• Employed part-time  
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• Self-employed  

• Unemployed  

• Student  

• Unable to work  

• Retired  

• Doing housework, looking after children, or other persons  

• 99. Prefer not to say   

23. What is your annual household income before tax?   

This includes the total income of your family / partner living with you, but not other people that 
you live with for example as part of a house share.  
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APPENDIX B – PRINCIPAL COMPONENT ANALYSIS LOADINGS 
Appendix B present loadings of individual variables in the table B1 on each of the component from the 
principal component analysis. Only loadings above 0.15 and below -0.15 is included in the table.  

Table B1: Individual loading of variables on components.  

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 
age 18-30 - - - -0.46 -0.40 - 0.37 
age 31-40 -0.28 - - 0.34 -0.22 - -0.23 
age 41-50 - - - 0.29 - - - 
age 51-60 0.16 - - - - - - 
age 61-70 - - - - 0.40 - -0.17 
age 71-80 - - - - 0.52 - - 
age 80 - - - - 0.38 0.20 - 
gender female - - - - - - 0.62 
gender male - - - - - - -0.62 
gender other -0.21 - - - - - - 
education level high 
school 

- -0.49 - -0.25 - - 0.36 

education level less than 
high school 

- - - - 0.48 - - 

education level no formal 
education 

- - -0.43 - - - - 

education level post 
secondary education 

-0.16 0.50 - 0.25 - - -0.35 

occupation full 
employment 

-0.18 - - 0.28 -0.43 - -0.36 

occupation part time 
employment 

- 0.20 - - - - - 

occupation retired - - - -0.18 0.78 - -0.17 
occupation self employed - - - 0.17 - - - 
occupation stay at home - - - 0.18 - - 0.24 
occupation student - - - -0.45 -0.20 - 0.43 
occupation unable to 
work 

- - - - - - - 

occupation unemployed - - - - - - - 
household income - 0.68 - 0.21 - - - 
children in household -0.23 - - 0.68 -0.22 0.17 - 
adults in household 0.16 -0.44 - 0.22 -0.18 - - 
purpose of visit main 
purpose 

- - - - - -0.40 - 

purpose of visit part of 
purpose 

- - - - - - -0.35 

purpose of visit traveling 
through 

- - - - - 0.39 - 

time spend in park -0.62 - - 0.28 - - - 
visits within two weeks 0.45 -0.23 - -0.27 - 0.37 - 



 
 

  

D4.6 Perceptions, interactions and responses to urban natural environments through EMA 48 
 

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 
adult - -0.22 - 0.49 - - 0.24 
children -0.21 - - 0.78 - - - 
type bussiness traveler - - - - -0.21 - -0.22 
type local -0.16 0.17 0.18 -0.25 0.26 0.46 0.24 
type other - - -0.49 - - - - 
type turist 0.18 -0.16 - 0.27 -0.19 -0.43 - 
travel time - - - - - - - 
travel type cycle - - - -0.28 - -0.26 - 
travel type motor vehicle 0.20 - - 0.54 - -0.43 - 
travel type public 
transport 

-0.24 - - - - - - 

travel type running -0.21 - - -0.23 - - -0.17 
travel type walkling - - - -0.18 - 0.68 - 
safe numeric 0.44 - 0.43 - - - - 
free from vandalism 
numeric 

0.49 - 0.36 - - - - 

quality of site numeric 0.64 - - - - - - 
facilities numeric - - 0.24 - - 0.30 - 
enjoy animal life numeric -0.26 -0.57 0.23 - - - - 
reason Physical health - 0.41 - -0.40 - - -0.17 
reason Mental health -0.31 0.20 - - - - - 
reason children -0.17 - - 0.72 - 0.20 - 
reason fresh air 0.33 0.16 - - - - - 
reason break - 0.16 - - - - - 
reason dog - - - - -0.20 0.23 - 
reason explore - 0.16 - - - -0.16 - 
reason connect to nature - 0.17 - - 0.20 -0.29 - 
reason social relationship 0.36 -0.25 - - - - 0.22 
reason shade - -0.38 - - - -0.19 - 
reason other -0.20 - - - - - - 
life satisfaction - 0.38 0.64 - - - - 
community belonging - - 0.34 - 0.37 0.30 - 
community satisfaction 0.21 0.16 0.31 0.15 0.34 0.25 - 
last week feeling good 
spirts numeric 

- - 0.65 - - - - 

last week feeling relaxed 
numeric 

- 0.37 0.55 - - - - 

last week feeling activ 
numeric 

- - 0.53 - -0.32 - -0.21 

last week feeling rested 
numeric 

- - 0.48 - -0.17 - -0.16 

last week feeling engaged 
numeric 

- 0.35 0.54 - -0.21 - - 

feel happy - -0.19 0.68 - - - - 
feel calm - -0.19 0.61 - 0.22 - - 
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Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 
feel alert -0.63 0.17 - - - - - 
feel energized 0.26 0.28 0.22 - - - - 
feel relaxed 0.26 -0.23 0.52 - 0.29 - - 
feel no worries 0.45 -0.24 0.43 - - - - 
feel clearing thoughts 0.51 -0.18 0.37 - - - - 
park name Botanisk Have 0.15 0.20 - - - - - 
park name Egå Engsø - 0.25 0.16 - 0.23 -0.45 - 
park name Gjellerup 
Parken 

- - - 0.16 - - - 

park name Jezero Cice 0.19 -0.47 - - - -0.29 - 
park name Mindeparken 0.18 0.48 - 0.26 - - - 
Parc Departemental de la 
Bergere 

-0.33 - - - - - - 

Parc du Sausset -0.44 - - - - - - 
Parc George Valbon de la 
Courneuve 

-0.35 - -0.17 - - - - 

Parc Henri Barbusse -0.36 - - - - - - 
Parc Jacques Duclos -0.37 - - - - - - 
dr Franje Tudmana 0.23 -0.37 - - - 0.35 - 
turopoljske 0.21 -0.39 - - - - -0.21 
park name Risskov 0.26 0.39 - -0.22 - 0.22 - 
city Paris -0.93 - - - - - - 
city Velika Gorica 0.42 -0.83 - - - - - 
city Aarhus 0.40 0.83 - - - - - 
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