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Abstract: All over the world, teenagers suffer from stress-related mental illness, and research shows
that being in natural environments can bring about recovery. However, centrally located areas in
cities where teenagers like to hang out are being densified at the expense of green spaces. The
health-promoting function of small, centrally located parks is thus becoming increasingly important.
This study examines Iranian teenagers’ assessment of the restorative potential of small, centrally
located parks. Such parks include attributes typical of city centers, such as trees, lighting, park
benches and flowers. A discrete sampling method was used to collect responses from a sample of
265 Iranian teenagers. They were asked to randomly rate the perceived recovery potential of digitally
designed models of green spaces. The results show that the teenagers evaluated the presence of water
in waterbeds to have a strong positive effect on recovery possibilities. The entire green area should
also be screened off from the rest of the city and convey a soft impression. It should have lighting
from tall lampposts, contain plant beds and, not least, have distinctive cultural attributes such as
crescent arches and fountains. In the discussion of the article, we address the practical and theoretical
implications of the findings.

Keywords: restorative environment; stress reduction; attention restoration; evidence-based design;
perceived sensory dimensions

1. Introduction

The teenage years are a sensitive phase in human development, as they involve a tran-
sition from childhood to social, psychological and physical maturity. During adolescence,
humans must adapt to peers and learn to understand and function in adult life. At the
same time, great demands are placed on them from school, parents, peers, society, influ-
encers and social media about how a teenager should be and look in order to be accepted.
Research shows that teenagers often suffer from stress, loneliness, low attention span and
depression and feel maladjusted [1,2]. In addition, many are far too sedentary, which might
lead to obesity and an increased risk of type 2 diabetes and cardiovascular disease [3,4].
A growing problem which may explain ill health is that teenagers spend more and more
time indoors alone, where a lot of time is spent on computers and mobile phones. They
need to socialize more with other age groups, as well as with other teenagers [1–5]. Early
socially, physically and psychologically stimulating environments, not least in adolescence,
seem crucial in avoiding mental and physical ill health in adolescence and later in life [3,5].
Extensive research shows that staying in urban green areas is positive for people’s health,
showing statistically significant relationships with increased physical activity, increased
social togetherness, better mental health, lower stress levels and increased ability to focus
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attention [6–10]. In addition, several research studies show that urban parks can be health-
promoting assets in terms of offering teenagers opportunities for physical activities [11–14],
social stimulation [14–16] and mental recovery [17–21].

1.1. Teenagers’ Need for Parks

In order to plan and design health-promoting parks for teenagers, it is important to
understand their needs for parks: how they are used, as well as teenagers’ preferences for
the appearance and content of parks. Three researchers who carried out important early
studies in the field are Mats Lieberg, Herb Childress and Patsy Owens. They discovered
that teenagers like to seek out centrally located public environments where people like to
hang out and where various activities are often taking place. This naturally leads to social
relations in public open spaces. The researchers found that the public space acts as a stage
for teenagers where they can display their external attributes, such as clothes, music taste
and appearance, expressing themselves verbally but also showing off their skills in, for
example, skateboarding [22–24]. It is, however, also about teenagers withdrawing from the
outside world and the adult world to be with peers and other teenagers. In these latter cases,
there is a clear need to avoid other age groups and to be able to meet other teenagers and
teenage groups. However, in addition to the need for community, teenagers also need more
private and quiet refuges as a counterpoint to the stress and bustle of everyday life [22,23].
Thus, a couple of clear landscape features that support these needs can be identified: places
where teenagers can retreat to socialize, places for interaction and confrontation with all
age groups, not least with the adult world [22], and retreat sites with natural features,
preferably sites that offer clear prospect-refuge sites [25]. But teenagers are often met with
annoyance, as they can be loud and lively at times. Thus, the presence of teenagers in a park
can lead to other age groups hesitating to visit or even avoiding the park [24]. A solution
that has sometimes been implemented is to create specific parks for teenagers. However,
designing special places for teenagers does not work at all. Such attempts have been proven
to isolate rather than integrate teenagers into the broader community. In addition, they
may avoid places designed specifically for teenagers. An alternative approach to design
and policy must be to integrate teenagers into existing public spaces by adding certain
design attributes, rather than developing places specifically for teens [23,26–29].

Recent years of research have largely confirmed the research results of the three
pioneers. Teenagers often choose to visit centrally located public open spaces [15,30,31].
They want to seek out public environments where people like to hang out and where various
activities are often taking place [20,21,32] to be able to do sports and play [14,31,33–35], but
also to be able to withdraw alone or with friends to de-stress [20,30]. The result of several
research studies is that what primarily determines whether teenagers choose to visit parks
depends on the distance to and/or accessibility of the parks [14,21,31]. Others claim that
it mainly depends on the size of the parks [17,36] or the maintenance of the parks, such
as whether they are clean and whether benches and playground equipment are intact and
functional [33,37]. However, several other studies claim that it mainly depends on whether
the park is judged to be safe and secure to stay in [12,15,20,38].

Rigolon and Németh [39] have summarized requirements for parks for teenagers by
introducing a quality index of parks for youth (QUINPY). It contains the parameters of
structured play diversity, natural features, park maintenance, park safety and park size.
The size is—as e.g., Feda et al. [17] and Costa et al. [36] state, an important characteristic of
parks. If the park is large enough, it provides space to do more physical activities [31], to
be able to get away from noise [34,38], to be able to withdraw from the hustle and bustle of
the city [17] or to be able to feel that you are left alone and at peace—with friends or by
yourself [20,30]. If the park is large enough, it can also become multifunctional [36].

Research covering all age groups also shows that larger green areas provide space for
more physical activities, but also space to get further away from the city’s noise, rushing
people and traffic, and thus increase the opportunities to reduce high stress levels and
restore capacity regarding directed attention fatigue [40–42]. However, in the endeavor to
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achieve sustainable urban planning, the smart, compact and green city has been highlighted
as an ideal, characterized by high density, mixed land use and attractive green infrastructure.
In the pursuit of an increasingly dense city, many green areas are thus disappearing, while
researchers warn of the consequences this will have [43–45]. The restorative value of small
urban green areas is thus of great interest within the framework of the smart compact city,
where the content, functions and design of green areas are valued for their contribution to
urban sustainability [9,46,47].

1.2. Health-Promoting Small and Centrally Located Parks

However, relatively few studies have investigated the health-promoting value of small
centrally located parks. They often contain cultural attributes such as sculptures, fountains
and flower plantings [48–51]. From a theoretical perspective, small parks with cultural
content can be health-promoting. Stephen Kaplan [52] argues that well-designed small
parks with cultural content, such as Japanese rock gardens, should be able to provide
recovery from attention fatigue. Likewise, Roger Ulrich claims that small health gardens at
hospitals can provide recovery from high stress levels [53]. Small urban parks with cultural
content should therefore be able to promote health in terms of stress recovery and recovery
from attention fatigue. Some studies also show that small urban parks lead to mental
recovery [48,54,55] and attract visits, even if people have to walk longer distances [50].
The mental recovery provided by small parks cannot be related to physical activity, but to
how the design and content of the parks work restoratively when the visitor is affected by
high stress levels and/or attention fatigue [54]. Although the slightly larger pocket parks
may provide better opportunities for recovery, the design of the parks seems to be most
important, where above all, vegetation is found to be decisive [48,55]. Research shows that
the cultural characteristics of urban parks give them identity and contribute to a sense
of place, placing attachments to personal as well as community mental health [56–59].
However, studies of young people’s demand for qualities in urban environments show that
cultural attributes are often missing in larger cities [60,61].

Many researchers claim that more research is needed to find out how parks should be
designed to meet the user needs of teenagers, who are considered to be an understudied
group [62–66]. Wales et al. [67] argue that there is a great need for research that can identify
specific design attributes of outdoor environments that support young people’s health
and well-being. We find that this particularly applies to centrally located small parks.
Consequently, the aim of this study was to investigate design features regarding their
attractiveness and ability to provide teenagers with mental recovery. The goal is to present
a number of attributes that can be used in the design of small centrally located parks, which
can increase the attractiveness of the parks and promote mental recovery.

2. Methods

The main purpose of this study was to investigate and evaluate the effect of design
attributes in small centrally located parks regarding mental recovery in teenagers. To
achieve this goal, this study used the discrete choice method, which analyzes individuals’
preferences based on their choices. Individuals were presented with a set of hypothetical
options and asked to select their preferred option based on their priorities and preferences.
Each option consisted of a combination of different levels of functionality. This method
enables researchers to explore individuals’ values and priorities regarding the desired char-
acteristics of a product or service [68]. Unlike most studies that rely on written descriptions
of park features [69], this study incorporated visually visible features by providing partic-
ipants with designed, digital color photographs. Studies show that exposure to realistic
natural environments gives participants opportunities to experience their health-promoting
properties. In a study where participants were exposed to a digital virtual environment,
they experienced significant improvements in vitality, mood and perceived restoration
outcomes [70]. This discrete choice method has been widely used in health economics
research in high-income countries [71]. In addition, it has been used in various other
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research domains, including tourism, transportation, economics, health, architecture and
sports activities [33,72–74]. All images in figures and tables in the article were made by
the authors.

2.1. Participants

The respondents voluntarily participated in this research. Only individuals between
the ages of 13 and 19 were eligible to participate in the survey, as this aligned with the
research subject [75]. Questionnaires were distributed among educational groups, and
participants were asked to complete a consent form to participate in the study. For those
participants who were under 18 years of age, i.e., underaged, consent was also required
from the guardian. No sensitive information was collected, all data were anonymized and
all aggregations of responses were at the group level. All study participants—together with
their parents/guardians if underaged—gave their written informed consent to participate
in the study, which was in accordance with our professional regulations, the Code of
Ethics of the World Medical Association and the Declaration of Helsinki [76], obtaining
ethical approval for this study. When they expressed their consent, the questionnaire
was activated.

2.2. Primary Outcome

Perceived restorative potential (PRP) is a global, valid and reliable measure of how
participants assess an area’s capacity to help them recover from being overwhelmed,
stressed and exhausted. It has come to be used more and more frequently and has been used
in several studies similar to this one [77,78]. Perceived restorative potential is measured by
instructing subjects to do the following: recall a time when you felt overwhelmed, stressed,
tired and anxious. Reflect on how you felt in that moment and put yourself in that mind
set. Continue to reflect on this mind set as you view the pictures and imagine yourself in
each environment. For each of the images presented, rate the degree to which you think
being in that environment would be good for you to take a break and make you feel less
stressed and anxious, using a scale from 0 (not a good place for a break at all) to 100 (very
much a good place for a break).

In this study, the instructions were modified dependent on the participants being
students and read as follows: “Imagine it is the middle of the day, the weather is relatively
pleasant. Your class has just finished and you are leaving the school premises. You are
walking home alone and feel mentally tired due to concentrated effort during the lessons.
Therefore, you need a short break for maximum recovery before returning home and
continuing academic pursuits.” Based on this question, the participants chose the park that
they believed could best provide them with rest and recovery.

2.3. Identification of Design Attributes and Levels

In the development of evidence-based health design, knowledge is needed about how
both overall qualities and the design of individual attributes and details can work in a
health-promoting way [9,79]. A large number of attributes with different designs have
been highlighted in various research studies, and there has been a need to bring some
order to this—some kind of hierarchy of superior and specific characteristics. Not least, it is
important to be able to use the results in practical design and planning [79]. An increasingly
used way of describing the overall spatial characteristics is the eight Perceived Sensory
Dimensions (PSDs) [80]. These have been shown to be valid and reliable when it comes to
describing the overall characteristics of green areas [60,81,82]. Knowledge of the unique
characteristics of these eight PSDs and their attributes needs to increase in order to better
plan and design attractive and health-promoting parks [83–85].

Dense inner-city environments often have small parks, and if well-designed, people
may experience one or more PSDs in these environments. The PSD that visitors most
often experience in inner-city environments is PSD Cultural, which often co-occurs with
and is enhanced and supported by PSD Social, PSD Diverse and PSD Sheltered [86]. PSD
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Cultural consists of attributes such as fountains, sculptures, planting beds, trees, flowers,
exotic plants and water elements such as canals and ponds [80,87,88]. PSD Social is about
social meeting places, with features such as paths, lighting, benches and tables [88]. PSD
Diverse is about a variation in shape and color in the park, for example, regarding trees
and flowers, while PSD Sheltered contains functions that allow the visitor to be protected
and have control over the environment, which can be facilitated by bushes, small hills and
fences [80,87,88]. Several other studies also mentioned these attributes being important in
green areas with a cultural character, but also added arches and garden streams [89–91].
Several studies of small, centrally located parks suggest a number of important levels or
variations of these attributes, which we chose to include in this study (below and Table 1).

Table 1. Attributes and their related levels.

Attributes Levels Description

Water features
Pond

Garden stream
Fountain
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choices and the potential complexity of the questionnaire. Instead, a fractional factorial 
design utilized to identify a subset of optimal choices. Not only did this method reduce 
the number of tests required, it also facilitated the optimization of both the selection pro-
cess and questionnaire content. Using SAS version 9.2, the attribute and level evaluation 
yielded 72 options (or 36 selection sets) for park design [107]. Subsequently, digital simu-
lations were conducted in SketchUp software version 2020, producing 72 distinct digital 
scenarios that were organized into six blocks, each containing six selection sets. Next, a 
digital virtual park was created using the selected attributes and levels listed in Table 1, 
with the aid of the fractional factorial design. The initial park design encompassed a com-
pact local park spanning around 6500 square meters, modeled after an Iranian garden and 
situated amidst residential areas, roads and mountains. The design incorporated various 
desired features conceived by the researchers, along with some design attributes that were 
adapted and modified from pre-existing SketchUp digital models obtained from the 3D 
Warehouse repository. In the final design, the garden stream was changed from a curved 
basin to a rectangular pool, and the boundaries of the raised planting bed were made sig-
nificantly lower than in the original design (Table 1). A random classification procedure 
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Based on our literature review, the following attributes and levels were finally se-
lected. We chose three levels of water features, namely ponds, fountains and garden
stream [69,92–94]. Moreover, we chose three types of seating: wooden, concrete and metal
park benches [95–98]. In addition, we chose two levels of arches in this study: square
and crescent [90,91,99]. Based on our reviewed studies on pavement, we chose paving
stone, natural asymmetric flagstone and paving stone–grass surfaces as suitable levels for
pathway paving [33,48,92,100,101]. We chose to investigate the design of lighting poles at
three different levels—long-base, medium-base and short-base [89,100,102,103]. Based on
the reviewed literature, we chose a colorful symbol of traditional Iranian windows and
decorations, which was presented in the form of a sculpture in the park, which can attract
young visitors [66,96,104,105]. The levels of the sculpture attribute were present or not
present. We chose three types of material regarding fences in our study: wooden, concrete
and metal [48,100,103,106]. The last attribute we chose to examine was raised planting
beds, where we examined environments with or without raised planting beds [66,69,103].

Table 1 shows all selected attributes and their respective levels in this study. These
were inserted into images with different scenarios where grass, trees and flowers were
included as fixed elements.

2.4. Scenarios and Choice Sets

In the experimental design process, a combination of six three-level factors and two
two-level factors was used to generate a diverse range of colored digital scenarios that
participants might encounter. While the full factorial design would have resulted in 2916
(2ˆ2*3ˆ6) possibilities, this approach was deemed impractical due to the sheer number of
choices and the potential complexity of the questionnaire. Instead, a fractional factorial
design utilized to identify a subset of optimal choices. Not only did this method reduce the
number of tests required, it also facilitated the optimization of both the selection process
and questionnaire content. Using SAS version 9.2, the attribute and level evaluation yielded
72 options (or 36 selection sets) for park design [107]. Subsequently, digital simulations
were conducted in SketchUp software version 2020, producing 72 distinct digital scenarios
that were organized into six blocks, each containing six selection sets. Next, a digital virtual
park was created using the selected attributes and levels listed in Table 1, with the aid
of the fractional factorial design. The initial park design encompassed a compact local
park spanning around 6500 square meters, modeled after an Iranian garden and situated
amidst residential areas, roads and mountains. The design incorporated various desired
features conceived by the researchers, along with some design attributes that were adapted
and modified from pre-existing SketchUp digital models obtained from the 3D Warehouse
repository. In the final design, the garden stream was changed from a curved basin to a
rectangular pool, and the boundaries of the raised planting bed were made significantly
lower than in the original design (Table 1). A random classification procedure was applied
to the collection of alternatives, ensuring that each block contained six sets of selections.
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Each block presented 12 digital model views in the same size and position. The design of
the assessed digital view was deliberately curated to guarantee that all relevant attributes
and levels corresponding to the block classification were clearly visible to the respondents
(Table 2 and Figure 1). Ultimately, the digital designs were exported as high-quality mpg
files using V-Ray software version Next v5.10.02, ready to present in the survey.

Table 2. An example of block classification extracted with SAS version 9.2.

Alt Water Features Bench Lighting Pole Pavement Raised
Planting Bed Fence Sculpture Arch

alt 1 fountain wooden high-base paving stone present metal present crescent arch
alt 2 garden stream metal medium-base concrete–grass present wooden not present not present
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Figure 1. Shows an example of a digital model of the visual questionnaire design based on block
classification in Table 2.

Table 2 shows an example of block classification extracted with SAS version 9.2.

2.5. Online Survey Design

Thirty-six choice sets were prepared to evaluate the environments, using SAS software
as described previously. However, answering 36 choice sets per participant can lead to
fatigue. To address this, the choice sets were divided into six blocks, each consisting of
six choice sets of digital color models. Participants were randomly assigned to answer
questions from a single block, consisting of six choice sets from a digital view. The survey
had two sections. Demographic information was collected in the first part, while the second
part contained discrete choice questions from digital models that were divided into six
blocks. Participants were presented with a scenario, “Imagine it is in the middle of the
day. . .”, before answering the questions in the second section. They could choose one of
the blocks at random. After viewing the design options displayed as digital color landscape
models (Figure 2), they were able to select their preferred park according to perceived
restorative potential.
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2.6. Data Collection

Considering that the COVID-19 pandemic was ongoing in Iran in July 2021, the data
collection was conducted online. First, the digital model options and survey questions were
reviewed and approved by experts. To gain access to survey participants, administrators
of private educational institutions and schools were asked to add the article’s first author
to their lists of social information groups. An invitation link to the survey was then
disseminated via social media (WhatsApp, Telegram) and email to recruit participants. The
data collection was self-administered, where instructions were given and all information
was then filled in by the participants themselves. That is, before the survey was sent and
started, the first author of the study wanted to make sure that the participants understood
the purpose of the study by giving a clear explanation. Instructions on how to proceed with
the survey were also provided. Participants were first asked to complete a demographic
questionnaire that included questions about their age, gender and level of education and
field of study. After completing the demographic questionnaire, participants were shown
digital models of different blocks and asked to choose which park they would prefer to
visit to alleviate feelings of exhaustion, given the scenario presented to them. To ensure
accurate results, participants were made aware of the different attributes present in the
digital models. They were asked to carefully evaluate each model when making their
decisions, focusing on the potential impact of the selected parks on their recovery. It was
also emphasized that the model should be close to home or school. The third part of the
survey contained a set of questions for the respondents. These questions were related to
park visits, such as the proximity of their residence to the local park, the number of times
they usually visited the park, their usual length of stay and their mode of transportation to
the park. Two additional questions were asked: whether the urban small park was effective
in motivating walking, ball sports and use of sports equipment, and whether the urban
small park helped with weight loss and the risk of being obese.

2.7. Modelling Choice Data

The mixed logit model is one of the highly flexible discrete choice models that can
provide many interpretations based on different behavioral characteristics by finding
heterogeneity in people’s behavior and the source of heterogeneity [108]. It is an advanced
and improved model of the multiple logit model that solves the limitations in the estimation
of utility types by using a variety of random experiments, unlimited substitution patterns
and correlation in unobserved factors in time [109].

Notably, unlike standard logit and probit models, this model is not confined to a
specific distribution, and it can capture more complex choice patterns, individual hetero-
geneity in behavior and even the sources of this heterogeneity. The probability of choice
by different individuals, individual-specific tastes and sensitivities can all be computed.
Moreover, individuals may face uncertainty in their choices, which the mixed logit model
takes into account when analyzing the data. In the multinomial logit approach, the odds
ratio of choosing one alternative over another is independent of the other alternatives.
This assumption is often unrealistic, and the mixed logit model overcomes this limitation,
enabling the modeling of more complex dependencies. Therefore, when the assumption
is that individuals in a study have varying preferences and the relationships among vari-
ables are more complex, the use of the mixed logit model is recommended. This method
allows for the modeling of heterogeneity and more intricate relationships using probability
distributions for the parameters, leading to results and predictions that are more accurate.
Additionally, when the research objective is to gain a deeper understanding of individual
behavior and the factors influencing it, and the analysis of how explanatory variables affect
individual preferences is crucial, this method is often used.

In the investigation of the mixed logit model, based on research by McFadden and
Train [108], it was determined that if appropriate distributions for the properties of the
coefficients in a random utility function were considered, the behavior of different random
utility models would be expressed in approximately the same way. In addition to the fact
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that the normal distribution and the normal logarithm distribution are widely used in
mixed logit modeling, providing suitable results, the use of triangular distribution [110] and
restricted distributions such as the SB Johnson distribution [111] also provide suitable and
significant results. Therefore, it is very important to choose the right type of distribution
for the coefficients of the random utility function to obtain accurate results. The main
assumption of discrete choice models is that when the decision-maker is faced with a
choice set, they choose the option that has the most utility and attractiveness to them. This
criterion of utility, which leads to a choice based on the personal preferences of the decision
maker, is a function of the options’ features and the decision-maker’s characteristics. It
should also be kept in mind that the decision-maker is faced with a set of independent
options that they can only choose one of, and they are not able to choose an amount or part
of each. For this reason, this method is called discrete choice [112].

The utility function of option j for person q is expressed as Ujq. This utility has two
parts: a definite/observable part (Vjq) and random/unobservable part (εjq).

Ujq = Vjq + εjq

In the mixed logit model, the random part of the utility function (εjq) consists of two
parts: the arbitrary distribution and the distribution of the limit value with the independent
and identical distribution. As a result, fewer assumptions are made for the data. In fact, the
mixed logit probability is the integral of a multinomial logit selection probability function
over a density function (weight) based on different values of β (density of parameters). The
probability of person q choosing option j (Pjq) is given by the following equation:

Pjq =
∫

Ljq (β) f (β)dβ

Here, Pjq is the probability of choosing option j by person q. Also, Ljq(β) is the
probability of choosing option j by person q, which is a function of parameter β and is
expressed as follows:

Ljq (β) =
evjq(β)

∑ evmq(β)
m ̸= j ⊂ Cq

where f (β) is the density function of parameter (β) and vjq(β) is the observed compo-
nent of the utility function of option j by person q, which depends on parameter (β).
Finally, the probability function of choosing the combined logit model is defined as the
following relationship:

Pjq =
∫ ( evjq(β)

∑ evmq(β)

)
f (β)dβ

Therefore, the probability function of choosing the mixed logit model is a weighted
average of the probability function of choosing the polynomial logit model over different
values (β). To describe the density of β, the mean b and the covariance W can be used
normally [109].

The random coefficients model is one of the simplest and most widely used models
that can create different interpretations based on the preferences of decision-makers by con-
sidering the utility-maximization behavior in different ways in the mixed logit probability
analysis. In this model, the defined utility of option i to choose among options I for person
q is given by the following equation:

Uiq = β́qXiq + εiq

Here, Xiq is the observed characteristics of the decision-maker and the option. β́q is
the vector of coefficients of the observed characteristics for person q, which shows people’s
preferences. εiq is also the random part of the utility function, with a limit value distribution
with an independent and uniform distribution. The mixed logit model has two sets of
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parameters, unlike the standard logit model. In the first set, we have β parameters, which
enter the logit formula; the density function f (β) represents them and is different for
decision-makers. The second set is the parameters that define this density, specified by θ.
If β is normally distributed with mean b and covariance W, then b and W are parameters
describing the density f (β). A more appropriate way to represent the parameters of the
second category is f (β|θ). As a result, the random coefficients model, as an integral of the
logit model, is defined on the parameter density function as follows:

Pqi =
∫ e

(
β́qXqi

)
∑J

j=1 e
(

β́qXqi
) f (β|θ)dβ

In this definition, the decision maker knows the value of βq and εiq for all j; if and only
if Uqi > Uqj Aj ̸= i, it chooses alternative i. The researcher observes Xiq but not βq or εiq, so
it cannot condition β. If the researcher observes βq, the probability of the selection will be a
standard logit [109].

3. Results

A total of 265 adolescents, all of whom were ordinary Iranian citizens, participated
in answering the questionnaire, of which 66% (175 individuals) were female and 34%
(90 individuals) were male (Table 3). The participants were categorized into two age
groups: 13 to 15 years (81%), with 215 people, and 16 to 19 years (19%), with 50 people.

Table 3. Baseline characteristics of study participants regarding demographics and visits to urban parks.

Characteristics Number
(N = 265)

Gender
Male 90
Female 175
Age (years)
13–15 215
16–19 50
Education
Primary 131
High school 112
Diploma 22

Distance to the nearest city park

300 m
300 m–1 km
1–5 km
>5 km

73
110
53
29

How to get to the park

Walking 151
Bicycle 31
Private vehicles 79
Public transportation 4

Number of visits to the park during the warm months

Never 60
A few times during the season 99
At least once a month 55
At least once a week 33
A few times a week 18

Duration of rest in the park

30 min 81
30 min to 1 h 93
1 to 2 h 60
2 to 3 h 19
More than 3 h 12

Effect of the park in creating motivation for walking, ball
sports and use of sports equipment

Poor (0) 16
(1) 12
(2) 11
Moderate (3) 35
(4) 33
(5) 46
Excellent (6) 112
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Table 3. Cont.

Characteristics Number
(N = 265)

Effect of the park in reducing obesity and weight loss

Poor (0) 14
(1) 6
(2) 15
Moderate (3) 68
(4) 37
(5) 44
Excellent (6) 81

How important is it for you to rest, clear your mind and
reduce your stress when visiting a small city park?

Poor (0) 9
(1) 9
(2) 7
Moderate (3) 61
(4) 24
(5) 48
Excellent (6) 107

Based on your experience, how much does spending
time in a small city park help you to have peace of mind,
clear your mind and reduce stress?

Poor (0) 10
(1) 11
(2) 13
Moderate (3) 52
(4) 39
(5) 49
Excellent (6) 91

The schools included in the study had significantly more younger students than older
students, so in that case, our material was fully representative. In contrast, the distribution
of men and women was equal in the schools included in the study. All students were
invited to participate, but according to ethical approval, participation was voluntary and
unfortunately, fewer men participated. To compensate for the bias in the statistical material,
weighting was used [113].

The results of the participants’ choices were analyzed using the Random Parameter
Logit (RPL) model and the PandaBiogene software. This analysis aimed to investigate the
level of heterogeneity in the answers, examine the main effects of desired digital view visual
features and conduct further analysis. The payment results of the model are presented in
Table 4.

Table 4. Evaluation of parameters in 36 digital model based on the mixed logit model.

Attributes and Levels Interaction Effects

Random Parameters Base Level Value Std err t-Test p-Value Age Gender Education

ASC_1 β0 0.0816 0.022 3.71 0.000208
Arch
Square arch (mean) β1 −0.269 0.0409 −6.57 5.06 × 10−11 - - -
Square arch (St.dev) 0.229 0.0486 4.71 2.45 × 10−6

Not present (mean) β2 −0.269 0.0537 −5.02 5.16 × 10−7 - - -
Not present (st.dev) 0.603 0.058 10.4 0
Lighting pole
High base (mean) β5 0.314 0.0419 7.51 5.88 × 10−14 - - -
High base (st.dev) −0.267 0.0497 −5.38 7.29 × 10−8

Pavement
Paving stone–grass (mean) β8 0.169 0.0398 4.24 2.25 × 10−5 0.00528 - -
Paving stone–grass (st.dev) −0.206 0.0564 −3.65 0.000265
Sculpture
Not present (mean) β11 0.222 0.0437 5.09 3.62 × 10−7 - 0.0558 -
Not present (st.dev) 0.492 0.0519 9.49 0
Water features
Garden stream (mean) β12 0.490 0.0543 9.03 0 0.00124 0.015 -
Garden stream (st.dev) −0.599 0.0716 −8.37 0
Pond (mean) β13 −0.13 0.0391 −3.31 0.000936 0.0356 - -
Pond (st.dev) 0.124 0.051 2.43 0.0151
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Table 4. Cont.

Attributes and Levels Interaction Effects

Random Parameters Base Level Value Std err t-Test p-Value Age Gender Education

Non-Random Parameters
Fence
Wooden (mean) β3 −0.152 0.0385 −3.94 8.14 × 10−5 0.0646 - -
Wooden (st.dev) 0.0372 0.0498 0.747 0.455
Metal (mean) β4 −0.0774 0.0388 −1.99 0.0463 - - -
Metal (st.dev) −0.037 0.0471 −0.785 0.433
Pavement
Natural flagstone (mean) β7 0.109 0.0383 2.84 0.00451 - - -
Natural flagstone (st.dev) −0.0815 0.0494 −1.65 0.0993
Bench
Metal (mean) β10 0.0785 0.0399 1.97 0.0493 - - -
Metal (st.dev) −0.0614 0.0507 −1.21 0.226

Non-Effect Parameters
Lighting
Short base (mean) β6 −0.0554 0.0393 −1.41 0.158 0.0208 - -
Short base (st.dev) 0.0774 0.0526 1.47 0.141
Bench
Concrete (mean) β9 0.0372 0.0386 0.964 0.335 0.0045 - -
Concrete (st.dev) −0.0198 0.0505 −0.392 0.695
Raised planting bed
Not present (mean) β14 −0.014 0.0321 −0.437 0.662 - - -
Not present (st.dev) 0.146 0.0389 3.74 0.000181

Goodness of Fit Measure

ρ0
2 = 0.0844 LL(0) = −6741.938 LL(ß) = −6173.069 LL(R) = 1137.738

ρ0
2 = 1 − LL(ß)

LL(0)
ρ0

2> 0 X29
2 (0.95) = 42.557 LL(R) > X15

2 (0.95)

According to Table 4, evaluation results of digital models show that the value of
ρ0

2 > 0, confirming the goodness of fit of the constructed mixed logit model. Additionally,
based on LL(R) = 1137.738 and X29

2 (0.95) = 42.557, the likelihood test demonstrates that
LL(R) > X29

2 (0.95), indicating the model’s significance at a 95% confidence level.

3.1. Parameter Values

Upon examination of the variable utilities, it was discovered that water features at
the rectangular garden stream (garden stream) level (β12 = 0.490) and raised planting
beds (β14 = 0.014) yielded the highest and lowest utilities, respectively. By categorizing
the variables into three groups—high, medium, and low utility—it became apparent that
water features at the rectangular garden stream level fell under the high utility category
(Figure 3, Table 5). High-base lighting (β5 = 0.314), crescent-shaped arches (base level), lack
of sculptures (β11 = 0.222), paving stone–grass pavements (β8 = 0.169), concrete fencing
(base level) and fountains (base level) were classified as having moderate utility. Natural
flagstone pavements (β7 = 0.109), metal benches (β10 = 0.0785) and the presence of planting
beds at the base level had a low utility (Figure 3, Table 5). The other attributes do not reach
any ranking in this study.

Table 5. Key findings.

Utility Ranking Description Attributes

High utility The attribute that has the greatest impact on
adolescent recovery in an urban park environment. Garden stream

Moderate utility The attributes that have a moderate impact on
adolescent recovery in an urban park environment.

Light pole high-base
Crescent arch
No sculpture
Paving stone–grass
Concrete fence
Fountain

Low utility The attributes that have a low impact on
adolescent recovery in an urban park environment.

Natural flagstone
Metal bench
Raised planting bed
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Figure 3. Shows preference of design attributes in 36 digital model based on Table 4.

Participants’ preferences were inferred from the sign of the coefficient values. Positive
coefficients indicate preferences, while negative coefficients indicate non-preferences. Based
on this analysis, it appears that participants preferred the water attribute at the rectangular
garden stream level (β12) and the high-base lighting pole (β5) among lighting levels. In
cases where negative coefficients were assigned to certain levels, such as the arches (β1
and β2), the base level crescent was preferred by participants. Lastly, when all levels had
positive coefficients, as seen in the variable paving (β8 = 0.169 > β7 = 0.109), participants
preferred paving stone–grass.

3.2. Random Parameter

Table 4 reports that the mean value was valid for the variables arch and watercourse
at all levels, the high lighting, covering with stone–grass material and absence of sculp-
ture (p-value < 0.05). The standard deviation also has an acceptable level of significance
(p-value < 0.05). Therefore, there is meaningful heterogeneity between the responses of
decision-makers, and the above variables were considered random parameters. However,
in the second part of this table, fence at all levels, paving with natural flagstone, and benches
with metal material have a significant average effect (p-value < 0.05), but the standard
deviation does not have an acceptable level of significance (p-value > 0.05). Therefore, these
variables were identified as fixed parameters. Other variables that are presented in Table 4
do not have an acceptable level of significance in terms of mean and standard deviation.
Therefore, these variables were determined to be without influence in the experiment.

Additionally, personal characteristics were included as control variables in the mixed
logit analysis [51], and socio-demographic factors (age, gender and education) were consid-
ered to account for differences in preferences within the study. The model incorporating age
and gender significantly influenced heterogeneity among some variables while education
did not. The effect of age was significant for the attributes “Paving stone–grass” and “Gar-
den stream”. Younger participants (13–15 years) might have different preferences compared
to older teenagers (16–19 years). The effect of gender was significant for the attributes
“Sculpture” and “Garden stream”. This suggests that male and female participants have
different preferences for these features.

4. Discussion

The objective of this study was to investigate which design attributes of small, centrally
located parks have the ability to create attraction and provide mental recovery to teenagers.
Research shows that centrally located parks often have a cultural character. Therefore,
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in the selection of attributes and levels, we started from Perceived Sensory Dimensions
and PSD Cultural above all. It is defined as containing an essence of human culture—of
values of great importance to a people, their values, aspirations, beliefs and hopes [80].
Places that contain this character have proven to be valuable for people in the city because
they give people identity and contribute to a sense of place, creating place attachment for
personal as well as community mental health [56–59]. Research shows that PSD Cultural
is an important health-promoting and restorative characteristic to young people [92,114].
In part, it may be because PSD Cultural gives them an identity and contributes to place
attachment [56–59]. In central urban areas, however, PSD Cultural often co-occurs with
PSD Social [86], and teenagers have a high need for social activities [56–59]. Stress can
be triggered by not having access to social stimulation [115,116]. The results show clear
relationships between certain features and the adolescents’ estimation of their perceived
restorative potential (PRP).

Water features: A clear outcome is that the teenagers prioritize the presence of water
in the parks over other attributes. The presence of water features in the digital landscape
models indicates the greatest impact on PRP. The rectangular garden stream with flowing
water had the greatest impact of the water features, followed by fountains and ponds. It
was the only attribute that received a high utility ranking. The rectangular garden stream
is a quality closely associated with the Iranian classical garden. It could possibly be that the
Iranian background of the participants has influenced this result. It may also be that the
Iranian garden’s millennia-long history of being a place of relaxation and recuperation [117]
has resulted in water having such a prominent place. However, in a study by Wu et al. [118],
Chinese youths’ recovery from stress, as well as preferences for different attributes, were
measured in different urban forests. The results show that water features were a significant
predictor of both stress recovery and preferences for specific attributes in urban forests.
Dai et al. [38] found in another study that young people rated water elements as being
very important in parks. In addition, Rout and Galpern [98] showed that fountains have a
positive effect on alleviating the mental fatigue of adolescents.

Several studies on regular park users show that parks and natural areas with moving
water are rated as more beautiful than parks and natural areas without moving water.
In addition, the moving water is judged to be cleaner and healthier by visitors to urban
parks and natural environments [119,120]. According to these researchers, the dynamic
and flowing nature of water in rectangular garden streams and fountains creates a greater
sense of fascination and visual attraction. According to Professor Richard Coss and col-
leagues, human interest is easily captured by water, and humans have an excellent ability
to judge the quality of water surfaces. This is probably an evolutionarily important trait
which has been important for our survival [121,122]. So, perhaps our outcome is not a
result attributable to the Iranian nationality of the participants. In addition, numerous
studies have highlighted the restorative nature of water in various forms, including ponds,
fountains and rectangular water pools [69,101]. Research shows that blue landscapes have
a significant impact on improving urban life, promoting peace of mind, improving mental
health and promoting social well-being [94,123,124]. Moreover, results show that stays
in parks and natural areas with water features are considered to be more psychologically
restorative than stays in parks and natural areas without water features. This applies to
streams, rivers and lakes, but also artificial ponds and fountains [92,93,117,125].

Lighting: Our results show that young people value lighting on medium-high and
above all tall poles. The lighting will, of course, be different depending on the height
of the lighting pole in terms of lighting of roads and vegetation, as well as perceived
safety [126–128]. In this study, the participants preferred the presence of lighting on high
and medium-height lighting poles in the parks, which had a relatively high importance for
the recovery potential, in contrast to low lighting poles. This indicates that lighting can
have a positive impact on teenagers’ recovery and contribute to their overall mental health.
Although the study took place in daylight and the question was not about the quality of
the lighting—for example, its brightness—this may have influenced the responses.
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However, the quality of the lighting is crucial, and the height of the lighting poles plays
a big role there. Lyons et al. [20] also found that young people want well-lit parks, which is
mentioned in connection with their valuing safety and security. A systematic review by
Trop et al. [129] on regular park users showed that lighting in parks has an important and
in many cases decisive impact on whether people visit the park or not. It is about perceived
safety and it is linked to the quality of the lighting. The lighting must be strong enough for
the area to be monitored. If the lighting poles are high enough, surrounding vegetation
can also be illuminated. This means that low lighting poles do not provide a sufficient
effect. Medium-sized and tall lighting poles are preferable, but not too tall—because then
the park is perceived as small and inhospitable. Deng et al. [66] and Rosso et al. [100] have
also mentioned tall lighting poles as design attributes, highlighting their positive effects on
increased visual comfort, convenience, safety and users’ psychological and physiological
well-being. Moreover, Peschardt and Stigsdotter [92] confirm the influence of tall lighting
poles on perceptions of compatibility, fascination and the feeling of being away. The light
pole is a significant physical feature in public spaces, acting as a visual and social component
that plays a crucial role in attracting people to the environment and encouraging its use [89].
Users prioritize the presence of high-quality designed lighting poles when choosing and
continuously using public spaces [102,103,130]. In addition, lighting poles promote social
interaction, sense of fascination and a feeling of being away [92]. The positive effect of
lighting as a landscape component to improve people’s physical and mental health has also
been confirmed [66], and in a study on pocket parks, the design style of light poles was
found to be influential in improving comfort and user safety [100].

Arches: The arch, especially the crescent arch, emerged as an important attribute for
the teenagers in our study. Dai et al. [38] claim that young people experience parks in a
much more multifaceted way than might be expected. Among other things, the sounds
and smells in the parks play a big role, as well as the overall structural design and artificial
features. Fleckney [21] argues that young people’s appraisals of parks, in addition to the
expected social and sensory components, also include symbolic and spiritual components.
Urban greenways and corridors containing arches are of great interest to regular park users
due to their positive impact on recreation, mental well-being and visual aesthetics: they are
considered crucial indicators for assessing the quality of life in a city [99]. Wang and Li [83]
found that decorative attributes in the form of sculptures, arches, specific works of art
and monuments were critical to whether PSD Cultural would have a restorative effect on
park visitors. Results by Huai et al. [90] and Huang et al. [91] show that arches especially,
as well as sculptures, have a very large impact on whether a park is considered to have
good cultural qualities, as well as having good health-promoting, restorative properties.
Decorative cultural attributes in the form of arches were also highly appreciated in this
study. They emerged as significant attributes, with the presence of this characteristic being
preferred over its absence in the park. Specifically, the crescent arch was found to be
the most popular among students. This suggests that incorporating an arch, especially
a crescent arch, can positively influence teenagers’ perceived restorative potential and
alleviate mental exhaustion experienced after a long day at school.

Sculptures: The sculpture we added in this study did not work. Researchers indicate
that incorporating art features as design attributes has a positive impact on enhancing
the landscape’s quality on regular park users [102]. When combined with natural fea-
tures, art features, not least sculptures, increase the restoration potential of the environ-
ment [66,96,100,104,105,131–133]. These studies indicate that the presence of sculptures
and decorations enhances the attractiveness and coherence of the environment, contribut-
ing to both mental and physical restoration and increasing the restoration potential of
the environment. Sculptures, as art features and landscape design decorations, play a
significant role in the sensory dimensions of the environment and users’ preferences. They
contribute to improved mental and physical health [92]. Scholars provide evidence of the
positive effect of decorations and art features on enhancing adolescent students’ health and
well-being [134]. In this study, however, the sculpture was more meaningful and effective
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when it was absent. The sculpture, as can be seen in Table 2, was a very colorful work
of art which stood in stark contrast to the park. The good intention of creating a colorful
sculpture that can interest teenagers gives an interesting result here. As it contrasts so
harshly with the familiar, it may irritate more than it adds qualities of calm, tranquility
and repose. The design aspects chosen here, in terms of shape and color, do not seem
to correspond with teenagers’ preferences and aesthetics. It may also be the case that
exhausted and stressed teenagers cannot bear to face a garish sculpture in an otherwise
calm and stress-relieving garden. Another possibility is that the design of the sculpture
in a real future scenario, including shape and color, should be brought into dialogue with
teenagers to enhance their experiences. Considering students’ preferences, culture and
aesthetics when choosing sculptures and artworks in a park can significantly influence their
preferences and contribute to their well-being and restoration from exhaustion and stress.

Fences: The result shows that the fence is perceived as meaningful and effective for the
student’s recovery, where the participants preferred the concrete fence. Like Owens [25],
several researchers have found that teenagers desire to retreat to more protected places
where they can see what is happening in the environment without being seen. They like to
retreat somewhat from the city, to something that can function as a shelter [14,15,21,38,135].
Through the ages, a garden has been defined as a piece of fenced land, and the outer wall of
the garden is consequently important to how the boundary is shaped. The boundary, which
can be a fence or a hedge, helps to demarcate the garden from its surroundings, and if
well-designed, it can give the visitor a sense of security [136]. Paradise comes from the old
Persian word paridaida, which means walled-around, that is, a walled garden [117]. Fences
play a significant role in landscape design. Walls, bushes and trees, commonly utilized as
hedges and park fences, have a significant impact on the sense of enclosure and privacy
maintenance. They contribute to the feeling of being in a secluded space [48]. A restorative
healing garden should be experienced as a place of retreat or haven. An important quality
is therefore that it should be possible to experience it as a whole, marked out from the
surroundings. In our study, the teenagers felt that the fence must be strong and powerful,
made of concrete.

Scholars have emphasized the importance of material selection, color and height
of physical elements in parks regarding users’ satisfaction levels and ultimately, their
restoration [100,103]. The results from Manyani et al.’s [103] studies confirm our results,
where they show that fences around visited green areas increase users’ preferences for
these parks, as well as their feelings of happiness [103]. Nordh’s study [48] has also shown
that fences and hedges can reinforce the feeling of enclosure and contribute to a feeling
of being away. Huang [46] suggests that low-density fences are effective in inviting users
and enhancing their enjoyment. Our study and other research therefore suggest that fences
and other demarcations of restorative gardens and parks are one of the most influential
attributes in promoting health and recovering visitors’ mental fatigue and stress. It is also
recommended to consider the height and tightness of the fence [46,48,100,103].

Paving: This study showed that all evaluated variants of pavement proved to be both
significant and effective. Notably, the teenagers showed a clear preference for paving that
contains both paving stones and grass, which gives a softer and possibly more restful
impression. Only a couple of studies of teenagers’ use of and preferences for urban parks
mentioned the paving of the parks, and then, it was not of any decisive importance [35,137].
However, our result is consistent with a couple of studies of regular park users [48,101].
Their results show that the combination of hard surfaces and grass in pavement design
improves landscape quality and increases the restorative potential of the environment. As
the authors argue, this blend of contrasting attributes provides a harmonious balance and
offers visual appeal, capturing students’ subconscious attention and promoting increased
fascination and restoration. In addition, Peschardt and Stigsdotter [92] emphasized the
importance of considering roads as a social aspect of design, given that the choice of pave-
ment material can significantly influence user preferences, thereby increasing fascination
and ultimately facilitating the restoration of attention. Consequently, the selection of ap-
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propriate pavement materials has great importance to promote environmental harmony
and upgrade the physiological and psychological well-being of users [66]. The floor of the
restorative garden, which to an important extent consists of paving, is also of great impact
regarding the quality of recovery [137]. Several studies have shown that material selection
and its design in pavement construction can significantly affect the general well-being of
park visitors [100,138].

Bench: Our results regarding the bench design indicate that although users prefer its
presence, its effectiveness and significance levels are relatively low. It seems that benches
satisfy students’ need to take a break, relax and reflect. A number of studies mention that
seating is a relatively important feature of urban parks for teenagers in terms of resting, as
well as participating in social activities, although it is not mentioned as having decisive
importance [14,19,21,137]. In several studies of regular park users, however, park bench
design has been considered a priority for park users and has been shown to have a positive
effect on overall preferences and stress reduction [33,72]. Manyani et al. [103] argue that
attributes such as park benches are directly linked to increasing users’ sense of enjoyment,
happiness and overall positive experiences in public urban green spaces. Regarding the
aesthetic value and restorative properties of park benches, Pals et al. [95] found in a study in
the Netherlands that wooden furniture had a higher effect than metal furniture in increasing
user preferences, enjoyment and restoration from high stress levels in natural environments.
In contrast, our results show that the teenagers prefer metal benches over wooden benches,
which may be due to cultural norms and user preferences, which Wang and Yoon [97]
suggest should guide the choice of park furniture design. According to Manyani [103], the
availability of benches is a key factor in users’ choice of parks, contributing to their overall
satisfaction and enjoyment. A study also showed that teenage students tend to choose
benches near fountains and in sunny areas because of the positive feelings they evoke [98].
Therefore, it would be worthwhile to further explore the design of park benches and their
placement in future studies.

Planting bed: Contrary to previous studies, our results suggest that the presence of the
raised planting bed attribute did not significantly influence adolescent students’ choices.
Van Vliet et al. [137] found that the presence of planting beds in particular, especially with
a diversity of species of flowers, influenced teenagers’ preferences for parks positively.
Nordh et al. [69] evaluated the presence and absence of planting beds regarding their
restorative effect on regular park users. The results indicate that planting beds have a
high value and have good restoration potential in small urban parks. Other studies have
confirmed these results [66,103,139]. Although the results of this study indicate limited
influence of the planting bed on students’ choices, it is possible that this feature contributes
to the organization and cohesion of the landscape, thereby influencing its visual appeal and
capturing the unconscious attention of teenagers. A fact that can affect the result is that the
raised planting beds were designed to be so low that they could most likely be perceived
as plant bed edges. Therefore, modifying the design of the shape, material and color of this
attribute may increase its effectiveness in terms of perceived restorative potential and its
impact on adolescent choices.

Strengths and Limitations

The strength of this study is that it uses discrete choice modeling, which is the most
recently applied technique in the health field. The discrete choice method has several
advantages, as it allows the estimation of marginal utility. Each option consists of a combi-
nation of different function levels. This method allows researchers to explore individuals’
values and priorities regarding the desired characteristics of, in this case, small, centrally
located parks [140].

In addition, this study incorporates visually visible features by providing participants
with digital and designed color photographs. Studies show that exposure to realistic
natural environments gives participants opportunities to experience health-promoting
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properties [70]. Moreover, the choices offered in the discrete choice method are closer to
the traditional individual decision process [140].

However, this study has some limitations: the instructions for perceived restorative
potential differ from, e.g., Twedt et al. [77] in this study. While the study by Twedt [77] men-
tioned “overwhelmed, stressed, tired, and anxious”, our instructions mentioned “mentally
tired”. Our choice was about getting the students to imagine a concrete, everyday situation
where a visit to a park can make a difference. If the students can give a well-thought-out
choice of a place that is judged to give the most rest, it probably conveys at the same
time that the place provides stress relief, calmness, connection and regaining of attention
capacity. Consequently, we judge that the recovery should be explainable on the basis of
several theories.

Second, the use of image-rated online surveys may not accurately capture user prefer-
ences. Because this specific knowledge gap is unexplored, in an initial study, we need to
reduce all confounds and interferences. If we were to conduct the study in a real environ-
ment, the weather, time of day or year would likely have an influence on the results that
would be difficult to control. Several carefully conducted studies show that participants
in research studies are good at interpreting images. The result from images with real
environments is in good agreement [141,142]. In addition, the objects we wish to study
need to be simplified to what is truly typical of what they represent, as a kind of symbol.
However, the use of image-rated surveys may not accurately capture user preferences.
We suggest that future projects should verify our results through studies in real settings,
determining if small centrally located parks with the characteristics proposed in this study
have a beneficial effect on teenagers’ mental recovery. In these studies, for example, mea-
surement of recovery via salivary cortisol, skin conductance and HRV can be used as a
complement to self-rating scales.

Third, in this study, we achieved very good contact with private schools that were
happy to participate in the study, while unfortunately, we did not obtain any contact with
public schools. In a future study, we will make more of an effort to include public schools. In
addition, there were approximately equal numbers of male and female students attending
the schools included in our study, but more girls chose to participate. Age, gender and
education need more detailed studies. The purpose of this article was not to examine them.
Therefore, future studies should investigate this more thoroughly.

5. Conclusions

All over the world, there is a need to improve the mental and physical health of
teenagers. Not least, they suffer from stress and mental exhaustion. An increasingly clear
amount of research evidence shows that visits to urban parks can lead to recovery from
high stress levels and from attention fatigue. Research shows that teenagers do not need
special parks and green spaces of their own. On the contrary, urban parks that are visited
by all should be developed so that they are also used more and work better for teenagers.

Research shows that teenagers like to visit urban green spaces in the most central
parts of cities. This study focused on this type of urban green space, where 250 teenagers
evaluated different digital models. The result shows that the biggest impact on the recovery
is that the content is characterized by water, where the rectangular garden stream stands
out. The area should also be well lit and separated from the surroundings. Moreover, it
should include attributes that show it has an important cultural function, such as an arch,
fountain and planting beds. The whole area should give a soft impression, such that the
pavement consists of paving stones and grass, and the park contains a soft crescent arch. In
conclusion, this research highlights the need for requested attributes such as larger flowing
garden streams, arches, lighting and planting beds, which require investment and good
maintenance but can result in greater benefits and advantages, as they meet the needs of
users and contribute to their overall health and well-being.

Similar to some other studies, e.g., [19,98,137], whether presenting digital or natural
models, we report that the design of physical facilities such as benches, ponds and paths
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together with natural features such as flowers and trees in parks can recover young people
from high stress levels or mental exhaustion. If urban environments obtain these qualities,
they should have the potential to act as attractive health promoters for teenagers. However,
the central parts of cities, where teenagers are often attracted, too often lack green areas
with attractive and health-promoting qualities.

To create inclusive and accessible spaces that promote physical and mental well-being,
social interaction and community engagement, park designers and urban planners must
consider user preferences, culture and aesthetics. The design and maintenance of urban
parks is critical to creating a health-promoting and restorative environment that benefits
the overall health and well-being of park users. However, to achieve a more precise
understanding of this topic, further research is necessary. Future studies should investigate
whether small centrally located parks with the characteristics suggested in this study have
a good effect on mental recovery in randomized controlled trials. In these studies, e.g., VR
equipment, AR technology, eye-tracking and measurement of recovery via salivary cortisol,
skin conductance and HRV can be used as a complement to self-rating scales.

Author Contributions: Conceptualization, A.N., M.P., C.C. and P.G.; methodology, M.P., C.C. and P.G.;
software, M.P.; validation, M.P. and P.G.; formal analysis, M.P. and C.C.; investigation, A.N.; resources,
A.N. and M.P.; data curation, A.N.; writing—original draft preparation, A.N.; writing—review and
editing, M.P., C.C. and P.G.; visualization, A.N., M.P. and C.C.; supervision, M.P. and P.G.; project
administration, M.P.; funding acquisition, P.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded in part by NordForsk, grant number 95322, “Smart Planning for
Healthy and Green Cities”, and by the FORMAS research council, grant number D-nr 2019-01916,
“Sustainable Outdoor Living Environments—Systematic Interdisciplinary Studies of Health Effects
and Impact on Social Inequalities”.

Data Availability Statement: The data are unavailable due to ethical restrictions.

Acknowledgments: The article was inspired by the first author’s master’s thesis in architecture, enti-
tled “Design of a local park with approach of influencing the design of the architectural components
in order to increase the mental restoration of teenagers”, completed at the Department of Engineering,
Faculty of Architecture, Golestan University.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Garaigordobil, M.; Bernarás, E.; Jaureguizar, J.; Machimbarrena, J.M. Childhood depression: Relation to adaptive, clinical and

predictor variables. Front. Psychol. 2017, 8, 821. [CrossRef] [PubMed]
2. Goossens, L. Affect, emotion, and loneliness in adolescence. In Handbook of Adolescent Development; Psychology Press: London,

UK, 2020; pp. 51–70.
3. Viner, R.M.; Ross, D.; Hardy, R.; Kuh, D.; Power, C.; Johnson, A.; Wellings, K.; McCambridge, J.; Cole, T.J.; Kelly, Y.; et al. Life

course epidemiology: Recognising the importance of adolescence. J. Epidemiol. Community Health 2015, 69, 719–720. [CrossRef]
[PubMed]

4. OECD/World Health Organization. Adolescent health. In Health at a Glance: Asia/Pacific 2020: Measuring Progress Towards
Universal Health Coverage; OECD Publishing: Paris, France, 2020.

5. Kessler, R.C.; Angermeyer, M.; Anthony, J.C.; De Graaf, R.; Demyttenaere, K.; Gasquet, I.; De Girolamo, G.; Gluzman, S.; Gureje,
O.; Haro, J.M.; et al. Lifetime prevalence and age-of-onset distributions of mental disorders in the World Health Organization’s
World Mental Health Survey Initiative. World Psychiatry 2007, 6, 168–176. [PubMed]

6. Reyes-Riveros, R.; Altamirano, A.; De La Barrera, F.; Rozas-Vásquez, D.; Vieli, L.; Meli, P. Linking public urban green spaces and
human well-being: A systematic review. Urban For. Urban Green. 2021, 61, 127105. [CrossRef]

7. Jabbar, M.; Yusoff, M.M.; Shafie, A. Assessing the role of urban green spaces for human well-being: A systematic review.
GeoJournal 2022, 87, 4405–4423. [CrossRef]

8. Zhang, H.; Zhu, A.; Liu, L.; Zeng, Y.; Liu, R.; Ma, Z.; Liu, M.; Bi, J.; Ji, J.S. Assessing the effects of ultraviolet radiation, residential
greenness and air pollution on vitamin D levels: A longitudinal cohort study in China. Environ. Int. 2022, 169, 107523. [CrossRef]

9. Grahn, P.; Stoltz, J.; Skärbäck, E.; Bengtsson, A. Health-promoting nature-based paradigms in urban planning. Encyclopedia 2023,
3, 1419–1438. [CrossRef]

https://doi.org/10.3389/fpsyg.2017.00821
https://www.ncbi.nlm.nih.gov/pubmed/28572787
https://doi.org/10.1136/jech-2014-205300
https://www.ncbi.nlm.nih.gov/pubmed/25646208
https://www.ncbi.nlm.nih.gov/pubmed/18188442
https://doi.org/10.1016/j.ufug.2021.127105
https://doi.org/10.1007/s10708-021-10474-7
https://doi.org/10.1016/j.envint.2022.107523
https://doi.org/10.3390/encyclopedia3040102


Land 2024, 13, 1633 20 of 24

10. Nilsson, K.; Grahn, P. The scientific evidence for nature’s positive influence on human health and well-being. In Green and Healthy
Nordic Cities: How to Plan, Design, and Manage Health-Promoting Urban Green Space; Borges, L.A., Rohrer, L., Nilsson, K., Eds.;
Nordregio: Stockholm, Sweden, 2024; pp. 22–35.

11. Ries, A.V.; Voorhees, C.C.; Roche, K.M.; Gittelsohn, J.; Yan, A.F.; Astone, N.M. A quantitative examination of park characteristics
related to park use and physical activity among urban youth. J. Adolesc. Health 2009, 45, S64–S70. [CrossRef]

12. Edwards, N.; Hooper, P.; Knuiman, M.; Foster, S.; Giles-Corti, B. Associations between park features and adolescent park use for
physical activity. Int. J. Behav. Nutr. Phys. Act. 2015, 12, 21. [CrossRef]

13. Van Hecke, L.; Verhoeven, H.; Clarys, P.; Van Dyck, D.; Van de Weghe, N.; Baert, T.; Deforche, B.; Van Cauwenberg, J. Factors
related with public open space use among adolescents: A study using GPS and accelerometers. Int. J. Health Geogr. 2018, 17, 3.
[CrossRef]

14. Rivera, E.; Timperio, A.; Loh, V.H.; Deforche, B.; Veitch, J. Critical factors influencing adolescents’ active and social park use: A
qualitative study using walk-along interviews. Urban For. Urban Green. 2021, 58, 126948. [CrossRef]

15. Lloyd, K.; Burden, J.; Kiewa, J. Young Girls and Urban Parks: Planning for Transition through Adolescence. J. Park Recreat. Adm.
2008, 26, 21–38.

16. Quagraine, V.K.; Oppong, R.A.; Baawone, F. A Quantitative Assessment of Relationship between Urban Green Parks and
Self-Esteem of Urban Children and Adolescents (Teenage Group) in Ghana. Civ. Environ. Res. 2016, 8, 64–72.

17. Feda, D.M.; Seelbinder, A.; Baek, S.; Raja, S.; Yin, L.; Roemmich, J.N. Neighbourhood parks and reduction in stress among
adolescents: Results from Buffalo, New York. Indoor Built Environ. 2015, 24, 631–639. [CrossRef]

18. Akpinar, A. How is high school greenness related to students’ restoration and health ? Urban For. Urban Green. 2016, 16, 1–8.
[CrossRef]

19. Baur, J. Campus community gardens and student health: A case study of a campus garden and student well-being. J. Am. Coll.
Health 2022, 70, 377–384. [CrossRef] [PubMed]

20. Lyons, R.; Colbert, A.; Browning, M.; Jakub, K. Urban greenspace use among adolescents and young adults: An integrative
review. Public Health Nurs. 2022, 39, 700–718. [CrossRef] [PubMed]

21. Fleckney, P. ‘A little escape dome’: Exploring how older adolescents experience urban parks as sites of mental wellbeing in
Melbourne, Australia. Landsc. Urban Plan. 2023, 235, 104753. [CrossRef]

22. Lieberg, M. Teenagers and public space. Commun. Res. 1995, 22, 720–744. [CrossRef]
23. Childress, H. Landscapes of Betrayal, Landscapes of Joy: Curtisville in the Lives of Its Teenagers; SUNY Press: Albany, NY, USA, 2000.
24. Owens, P.E. No teens allowed: The exclusion of adolescents from public spaces. Landsc. J. 2002, 21, 156–163. [CrossRef]
25. Owens, P.E. Natural landscapes, gathering places, and prospect refuges: Characteristics of outdoor places valued by teens. Child.

Environ. Q. 1988, 5, 17–24.
26. Pretty, J.; Angus, C.; Bain, M.; Barton, J.; Gladwell, V.; Hine, R.; Pilgrim, S.; Sandercock, S.; Sellens, M. Nature, Childhood, Health and

Life Pathways; Interdisciplinary Centre for Environment and Society (iCES), University of Essex: Colchester, UK, 2009.
27. Saeidi-Rizi, F. Designing for Teen Open Space Needs: A Study of Adult and Teen Perceptions in Roanoke, Virginia; Virginia Tech:

Blacksburg, VA, USA, 2014.
28. Owens, P.E. A place for adolescents: The power of research to inform the built environment. In Designing Cities with Children and

Young People; Routledge: London, UK, 2017; pp. 65–78.
29. Brunelle, S.; Brussoni, M.; Herrington, S.; Matsuba, M.K.; Pratt, M.W. Teens in public spaces and natural landscapes. Issues of

Access and Design. In Handbook of Adolescent Development Research and Its Impact on Global Policy; Lansford, J.E., Banati, P., Eds.;
Oxford University Press: Oxford, UK, 2018; pp. 361–379.

30. Duzenli, T.; Bayramoglu, E.; Ozbilen, A. Needs and preferences of adolescents in open urban spaces. Sci. Res. Essays 2010,
5, 201–216.

31. Rivera, E.; Timperio, A.; Loh, V.H.; Deforche, B.; Veitch, J. Important park features for encouraging park visitation, physical
activity and social interaction among adolescents: A conjoint analysis. Health Place 2021, 70, 102617. [CrossRef]

32. Hegetschweiler, K.T.; Wartmann, F.M.; Dubernet, I.; Fischer, C.; Hunziker, M. Urban forest usage and perception of ecosystem
services–A comparison between teenagers and adults. Urban For. Urban Green. 2022, 74, 127624. [CrossRef]

33. Van Hecke, L.; Ghekiere, A.; Van Cauwenberg, J.; Veitch, J.; De Bourdeaudhuij, I.; Van Dyck, D.; Clarys, P.; Van De Weghe, N.;
Deforche, B. Park characteristics preferred for adolescent park visitation and physical activity: A choice-based conjoint analysis
using manipulated photographs. Landsc. Urban Plan. 2018, 178, 144–155. [CrossRef]

34. Arnberger, A.; Eder, R.; Allex, B.; Wallner, P.; Weitensfelder, L.; Hutter, H.P. Urban green space preferences for various health-
related psychological benefits of adolescent pupils, university students and adults. Urban For. Urban Green. 2024, 98, 128396.
[CrossRef]

35. Veitch, J.; Salmon, J.; Deforche, B.; Ghekiere, A.; Van Cauwenberg, J.; Bangay, S.; Timperio, A. Park attributes that encourage park
visitation among adolescents: A conjoint analysis. Landsc. Urban Plan. 2017, 161, 52–58. [CrossRef]

36. Costa, M.S.; Almeida, D.Q.; Silva, J.P.; Barros, H.; Ribeiro, A.I.; Leão, T. Imagine your perfect park: A qualitative study on
adolescents’ usage of green spaces, perceived benefits and preferences. Cities Health 2024, 1–12. [CrossRef]

37. Mertens, L.; Van Cauwenberg, J.; Veitch, J.; Deforche, B.; Van Dyck, D. Differences in park characteristic preferences for visitation
and physical activity among adolescents: A latent class analysis. PLoS ONE 2019, 14, e0212920. [CrossRef]

https://doi.org/10.1016/j.jadohealth.2009.04.020
https://doi.org/10.1186/s12966-015-0178-4
https://doi.org/10.1186/s12942-018-0123-2
https://doi.org/10.1016/j.ufug.2020.126948
https://doi.org/10.1177/1420326X14535791
https://doi.org/10.1016/j.ufug.2016.01.007
https://doi.org/10.1080/07448481.2020.1751174
https://www.ncbi.nlm.nih.gov/pubmed/32369715
https://doi.org/10.1111/phn.13010
https://www.ncbi.nlm.nih.gov/pubmed/34773417
https://doi.org/10.1016/j.landurbplan.2023.104753
https://doi.org/10.1177/009365095022006008
https://doi.org/10.3368/lj.21.1.156
https://doi.org/10.1016/j.healthplace.2021.102617
https://doi.org/10.1016/j.ufug.2022.127624
https://doi.org/10.1016/j.landurbplan.2018.05.017
https://doi.org/10.1016/j.ufug.2024.128396
https://doi.org/10.1016/j.landurbplan.2016.12.004
https://doi.org/10.1080/23748834.2024.2313927
https://doi.org/10.1371/journal.pone.0212920


Land 2024, 13, 1633 21 of 24

38. Dai, D.; Bo, M.; Zhou, Y. How do the young perceive urban parks? A study on young adults’ landscape preferences and health
benefits in urban parks based on the landscape perception model. Int. J. Environ. Res. Public Health 2022, 19, 14736. [CrossRef]

39. Rigolon, A.; Németh, J. A Quality Index of Parks for Youth (QUINPY): Evaluating urban parks through geographic information
systems. Environ. Plan. B Urban Anal. City Sci. 2018, 45, 275–294. [CrossRef]

40. Ayala-Azcárraga, C.; Diaz, D.; Zambrano, L. Characteristics of urban parks and their relation to user well-being. Landsc. Urban
Plan. 2019, 189, 27–35. [CrossRef]

41. Labib, S.M.; Lindley, S.; Huck, J.J. Spatial dimensions of the influence of urban green-blue spaces on human health: A systematic
review. Environ. Res. 2020, 180, 108869. [CrossRef]

42. Evensen, K.H.; Hemsett, G.; Nordh, H. Developing a place-sensitive tool for park-safety management experiences from green-
space managers and female park users in Oslo. Urban For. Urban Green. 2021, 60, 127057. [CrossRef]

43. Ståhle, A. More green space in a denser city: Critical relations between user experience and urban form. Urban Des. Int. 2010, 15,
47–67. [CrossRef]

44. Haaland, C.; Konijnendijk van den Bosch, C. Challenges and strategies for urban green-space planning in cities undergoing
densification: A review. Urban For. Urban Green. 2015, 14, 760–771. [CrossRef]

45. Tappert, S.; Kloti, T.; Drilling, M. Contested urban green spaces in the compact city: The (re-)negotiation of urban gardening in
Swiss cities. Landsc. Urban Plan. 2018, 170, 69–78. [CrossRef]

46. Huang, T.C. Urban parks: Satisfaction evaluation model of city infrastructure service. Manag. Rev. 2019, 38, 109–125.
47. Addas, A. The importance of urban green spaces in the development of smart cities. Front. Environ. Sci. 2023, 11, 1206372.

[CrossRef]
48. Nordh, H. Restorative Components of Small Urban Parks; Norwegian University of Life Sciences: Ås, Norway, 2010.
49. Francis, M. Urban Open Space: Designing for User Needs; Island Press: Washington, DC, USA, 2003.
50. Csomós, G.; Farkas, J.Z.; Szabó, B.; Bertus, Z.; Kovács, Z. Exploring the use and perceptions of inner-city small urban parks: A

case study of Budapest, Hungary. Urban For. Urban Green. 2023, 86, 128003. [CrossRef]
51. Li, J.; Nordin, N.A.; Md Dali, M. Does small mean unimportant? A review of pocket park values and associated factors. Open

House Int. 2024. ahead-of-print. [CrossRef]
52. Kaplan, S. Parks for the future–A psychologist view. In Parks for the Future; Sorte, G.J., Ed.; Movium: Alnarp, Sweden, 1990;

pp. 4–22.
53. Ulrich, R.S. Effects of gardens on health outcomes: Theory and research. In Healing Gardens; Marcus, C.C., Barnes, M., Eds.; Wiley:

New York, NY, USA, 1999; pp. 27–86.
54. Wang, P.; Han, L.; Hao, R.; Mei, R. Understanding the relationship be-tween small urban parks and mental health: A case study

in Shanghai, China. Urban For. Urban Green. 2022, 78, 127784. [CrossRef]
55. Nordh, H.; Hartig, T.; Hagerhall, C.M.; Fry, G. Components of small urban parks that predict the possibility for restoration. Urban

For. Urban Green. 2009, 8, 225–235. [CrossRef]
56. Tweed, C.; Sutherland, M. Built cultural heritage and sustainable urban development. Landsc. Urban Plan. 2007, 83, 62–69.

[CrossRef]
57. Cheung, M.; Smith, N.; Craven, O. The impacts of public art on cities, places and people’s lives. J. Arts Manag. Law Soc. 2021, 52,

37–50. [CrossRef]
58. Cheng, X.; Van Damme, S.; Uyttenhove, P. A review of empirical studies of cultural ecosystem services in urban green infrastruc-

ture. J. Environ. Manag. 2021, 293, 112895. [CrossRef]
59. Spennemann, D.H. The Nexus between Cultural Heritage Management and the Mental Health of Urban Communities. Land

2022, 11, 304. [CrossRef]
60. Chen, H.; Qiu, L.; Gao, T. Application of the eight perceived sensory dimensions as a tool for urban green space assessment and

planning in China. Urban For. Urban Green. 2019, 40, 224–235. [CrossRef]
61. Skärbäck, E.; Grahn, P. People’s preferences for outdoor affordances are relatively similar irrespective of cultural background. In

Bridging the Gap; Bauer, P., Collender, M., Jakob, M., Ketterer Bonnelame, L., Petschek, P., Siegrist, D., Tschumi, C., Eds.; ECLAS,
Institute for Landscape and Open Space, HSR Hochschule für Technik: Rapperswil, Switzerland, 2016; pp. 367–370.

62. Bai, X.; Li, X.; Yan, D. The Perceived Restorativeness of Outdoor Spatial Characteristics for High School Adolescents: A Case
Study from China. Int. J. Environ. Res. Public Health 2022, 19, 7156. [CrossRef]

63. Feng, X.; Astell-Burt, T.; Standl, M.; Flexeder, C.; Heinrich, J.; Markevych, I. Green space quality and adolescent mental health: Do
personality traits matter? Environ. Res. 2022, 206, 112591. [CrossRef]

64. Ye, T.; Yu, P.; Wen, B.; Yang, Z.; Huang, W.; Guo, Y.; Abramson, M.J.; Li, S. Greenspace and health outcomes in children and
adolescents: A systematic review. Environ. Pollut. 2022, 314, 120193. [CrossRef] [PubMed]

65. Stigsdotter, U.K.; Corazon, S.S.; Sidenius, U.; Kristiansen, J.; Grahn, P. It is not all bad for the grey city—A crossover study on
physiological and psychological restoration in a forest and an urban environment. Health Place 2017, 46, 145–154. [CrossRef]
[PubMed]

66. Deng, L.; Li, X.; Luo, H.; Fu, E.K.; Ma, J.; Sun, L.X.; Huang, Z.; Cai, S.Z.; Jia, Y. Empirical study of landscape types, landscape
elements and landscape components of the urban park promoting physiological and psychological restoration. Urban For. Urban
Green. 2020, 48, 126488. [CrossRef]

https://doi.org/10.3390/ijerph192214736
https://doi.org/10.1177/0265813516672212
https://doi.org/10.1016/j.landurbplan.2019.04.005
https://doi.org/10.1016/j.envres.2019.108869
https://doi.org/10.1016/j.ufug.2021.127057
https://doi.org/10.1057/udi.2009.27
https://doi.org/10.1016/j.ufug.2015.07.009
https://doi.org/10.1016/j.landurbplan.2017.08.016
https://doi.org/10.3389/fenvs.2023.1206372
https://doi.org/10.1016/j.ufug.2023.128003
https://doi.org/10.1108/OHI-12-2023-0295
https://doi.org/10.1016/j.ufug.2022.127784
https://doi.org/10.1016/j.ufug.2009.06.003
https://doi.org/10.1016/j.landurbplan.2007.05.008
https://doi.org/10.1080/10632921.2021.1942361
https://doi.org/10.1016/j.jenvman.2021.112895
https://doi.org/10.3390/land11020304
https://doi.org/10.1016/j.ufug.2018.10.001
https://doi.org/10.3390/ijerph19127156
https://doi.org/10.1016/j.envres.2021.112591
https://doi.org/10.1016/j.envpol.2022.120193
https://www.ncbi.nlm.nih.gov/pubmed/36122655
https://doi.org/10.1016/j.healthplace.2017.05.007
https://www.ncbi.nlm.nih.gov/pubmed/28528275
https://doi.org/10.1016/j.ufug.2019.126488


Land 2024, 13, 1633 22 of 24

67. Wales, M.; Mårtensson, F.; Hoff, E.; Jansson, M. Elevating the Role of the Outdoor Environment for Adolescent Wellbeing in
Everyday Life. Front. Psychol. 2022, 13, 774592. [CrossRef]

68. Van Oijstaeijen, W.; Van Passel, S.; Back, P.; Cools, J. The politics of green infrastructure: A discrete choice experiment with
Flemish local decision-makers. Ecol. Econ. 2022, 199, 107493. [CrossRef]

69. Nordh, H.; Alalouch, C.; Hartig, T. Assessing restorative components of small urban parks using conjoint methodology. Urban
For. Urban Green. 2011, 10, 95–103. [CrossRef]

70. Mattila, O.; Korhonen, A.; Pöyry, E.; Hauru, K.; Holopainen, J.; Parvinen, P. Restoration in a virtual reality forest environment.
Comput. Hum. Behav. 2020, 107, 106295. [CrossRef]

71. Mangham, L.J.; Hanson, K.; McPake, B. How to do (or not to do). . . Designing a discrete choice experiment for application in a
low-income country. Health Policy Plan. 2009, 24, 151–158. [CrossRef]

72. Campagnaro, T.; Vecchiato, D.; Arnberger, A.; Celegato, R.; Da Re, R.; Rizzetto, R.; Semenzato, P.; Sitzia, T.; Tempesta, T.; Cattaneo,
D. General, stress relief and perceived safety preferences for green spaces in the historic city of Padua (Italy). Urban For. Urban
Green. 2020, 52, 126695. [CrossRef]

73. Ebenberger, M.; Arnberger, A. Exploring visual preferences for structural attributes of urban forest stands for restoration and heat
relief. Urban For. Urban Green. 2019, 41, 272–282. [CrossRef]

74. Shayestefar, M.; Pazhouhanfar, M.; van Oel, C.; Grahn, P. Exploring the Influence of the Visual Attributes of Kaplan’s Preference
Matrix in the Assessment of Urban Parks: A Discrete Choice Analysis. Sustainability 2022, 14, 7357. [CrossRef]

75. Butler, A.M.; Burcu, M.; Christian, J.B.; Tian, F.; Andersen, K.M.; Blumentals, W.A.; Maddox, K.E.J.; Alexander, G.C. Noninterven-
tional studies in the COVID-19 era: Methodological considerations for study design and analysis. J. Clin. Epidemiol. 2023, 153,
91–101. [CrossRef] [PubMed]

76. World Medical Association. The Code of Ethics of the World Medical Association, Declaration of Helsinki. 2013. Available
online: https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-
human-subjects/ (accessed on 2 May 2024).

77. Twedt, E.; Rainey, R.M.; Proffitt, D.R. Beyond nature: The roles of visual appeal and individual differences in perceived restorative
potential. J. Environ. Psychol. 2019, 65, 101322. [CrossRef]

78. Hajibeigi, P.; Pazhouhanfar, M.; Grahn, P.; Nazif, H. Enhancing Citizens’ Perceived Restoration Potential of Green Facades
through Specific Architectural Attributes. Buildings 2023, 13, 2356. [CrossRef]

79. Bengtsson, A.; Åshage, A.; Andersson, M.; Dybkjaer, E.; Grahn, P. Improving green space design based on health design theory
and environmental psychology. In Green and Healthy Nordic Cities: How to Plan, Design, and Manage Health-Promoting Urban Green
Space; Borges, L.A., Rohrer, L., Nilsson, K., Eds.; Nordregio: Stockholm, Sweden, 2024; pp. 79–105.

80. Stoltz, J.; Grahn, P. Perceived sensory dimensions: An evidence-based approach to greenspace aesthetics. Urban For. Urban Green.
2021, 59, 126989. [CrossRef]

81. Qiu, L.; Nielsen, A.B. Are perceived sensory dimensions a reliable tool for urban green space assessment and planning? Landsc.
Res. 2015, 40, 834–854. [CrossRef]

82. An, C.; Liu, J.; Liu, Q.; Liu, Y.; Fan, X.; Hu, Y. How Perceived Sensory Dimensions of Forest Park Are Associated with Stress
Restoration in Beijing? Int. J. Environ. Res. Public Health 2022, 19, 883. [CrossRef] [PubMed]

83. Wang, S.; Li, A. Identify the significant landscape characteristics for the perceived restorativeness of 8 perceived sensory
dimensions in urban green space. Heliyon 2024, 10, e27925. [CrossRef]

84. Mengyun, C.H.E.N.; Guangsi, L.I.N. How perceived sensory dimensions of urban green spaces affect cultural ecosystem benefits:
A study on Haizhu Wetland Park, China. Urban For. Urban Green. 2023, 86, 127983.

85. Zhang, X.; Lin, E.S.; Tan, P.Y.; Qi, J.; Waykool, R. Assessment of visual landscape quality of urban green spaces using image-based
metrics derived from perceived sensory dimensions. Environ. Impact Assess. Rev. 2023, 102, 107200. [CrossRef]

86. Stoltz, J.; Grahn, P. Perceived sensory dimensions: Key aesthetic qualities for health-promoting urban green spaces. J. Biomed. Res.
2021, 2, 22–29.

87. Grahn, P.; Stigsdotter, U.K. The relation between perceived sensory dimensions of urban green space and stress restoration.
Landsc. Urban Plan. 2010, 94, 264–275. [CrossRef]

88. Stigsdotter, U.K.; Sidenius, U.; Grahn, P. From research to practice: Operationalisation of the eight perceived sensory dimensions
into a health-promoting design tool. Alam Cipta 2020, 13, 57–70.

89. Ismael, K.S.; Mohammed, N.H.; Rasul, H.Q. Potentialities in Creating the Pedestrian Malls in the Historical City Centers: A Study
Case of Mawlawi Street, Sulaimani, Iraqi Kurdistan. Kurd. J. Appl. Res. 2019, 4, 31–40. [CrossRef]

90. Huai, S.; Chen, F.; Liu, S.; Canters, F.; Van de Voorde, T. Using social media photos and computer vision to assess cultural
ecosystem services and landscape features in urban parks. Ecosyst. Serv. 2022, 57, 101475. [CrossRef]

91. Huang, W.; Lu, S.; Guo, Y. Measuring the perceived heterogeneity of cultural ecosystem services in national cultural parks:
Evidence from China. Sustainability 2023, 15, 9428. [CrossRef]

92. Peschardt, K.K.; Stigsdotter, U.K. Associations between park characteristics and perceived restorativeness of small public urban
green spaces. Landsc. Urban Plan. 2013, 112, 26–39. [CrossRef]

93. Xie, Q.; Lee, C.; Lu, Z.; Yuan, X. Interactions with artificial water features: A scoping review of health-related outcomes. Landsc.
Urban Plan. 2021, 215, 104191. [CrossRef]

https://doi.org/10.3389/fpsyg.2022.774592
https://doi.org/10.1016/j.ecolecon.2022.107493
https://doi.org/10.1016/j.ufug.2010.12.003
https://doi.org/10.1016/j.chb.2020.106295
https://doi.org/10.1093/heapol/czn047
https://doi.org/10.1016/j.ufug.2020.126695
https://doi.org/10.1016/j.ufug.2019.04.011
https://doi.org/10.3390/su14127357
https://doi.org/10.1016/j.jclinepi.2022.11.011
https://www.ncbi.nlm.nih.gov/pubmed/36400263
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://doi.org/10.1016/j.jenvp.2019.101322
https://doi.org/10.3390/buildings13092356
https://doi.org/10.1016/j.ufug.2021.126989
https://doi.org/10.1080/01426397.2015.1029445
https://doi.org/10.3390/ijerph19020883
https://www.ncbi.nlm.nih.gov/pubmed/35055704
https://doi.org/10.1016/j.heliyon.2024.e27925
https://doi.org/10.1016/j.eiar.2023.107200
https://doi.org/10.1016/j.landurbplan.2009.10.012
https://doi.org/10.24017/science.2019.1.6
https://doi.org/10.1016/j.ecoser.2022.101475
https://doi.org/10.3390/su15129428
https://doi.org/10.1016/j.landurbplan.2012.12.013
https://doi.org/10.1016/j.landurbplan.2021.104191


Land 2024, 13, 1633 23 of 24

94. Yin, J.; Ramanpong, J.; Chang, J.; Wu, C.-D.; Chao, P.-H.; Yu, C.-P. Effects of blue space exposure in urban and natural environments
on psychological and physiological responses: A within-subject experiment. Urban For. Urban Green. 2023, 87, 128066. [CrossRef]

95. Pals, R.; Steg, L.; Dontje, J.; Siero, F.W.; van der Zee, K.I. Physical features, coherence and positive outcomes of person-environment
interactions: A virtual reality study. J. Environ. Psychol. 2014, 40, 108–116. [CrossRef]

96. Abdulkarim, D.; Nasar, J.L. Are livable elements also restorative? J. Environ. Psychol. 2014, 38, 29–38. [CrossRef]
97. Wang, D.; Yoon, J.-Y. A Study on the Behavioral Characteristics of the Users and Preferences of the Bench and Pergolas in Busan

Citizens’ Parks. J. Korea Contents Assoc. 2018, 18, 658–670.
98. Rout, A.; Galpern, P. Benches, fountains and trees: Using mixed-methods with questionnaire and smartphone data to design

urban green spaces. Urban For. Urban Green. 2022, 67, 127335. [CrossRef]
99. Akpinar, A. Factors influencing the use of urban greenways: A case study of Aydın, Turkey. Urban For. Urban Green. 2016, 16,

123–131. [CrossRef]
100. Rosso, F.; Cappa, F.; Spitzmiller, R.; Ferrero, M. Pocket parks towards more sustainable cities. Architectural, environmental,

managerial and legal considerations towards an integrated framework: A case study in the Mediterranean region. Environ. Chall.
2022, 7, 100402. [CrossRef]

101. Li, J.; Zhang, Z.; Jing, F.; Gao, J.; Ma, J.; Shao, G.; Noel, S. An evaluation of urban green space in Shanghai, China, using eye
tracking. Urban For. Urban Green. 2020, 56, 126903. [CrossRef]

102. Amati, M.; Sita, J.; Parmehr, E.; Mccarthy, C.; Sita, J.; Parmehr, E.; Mccarthy, C. How eye-catching are natural features when
walking through a park? Eye-tracking responses to videos of walks. Urban For. Urban Green. 2018, 31, 67–78. [CrossRef]

103. Manyani, A.; Shackleton, C.M.; Cocks, M.L. Attitudes and preferences towards elements of formal and informal public green
spaces in two South African towns. Landsc. Urban Plan. 2021, 214, 104147. [CrossRef]

104. Packer, J.; Bond, N. Museums as Restorative Environments. Curator. Mus. 2010, 53, 421–436. [CrossRef]
105. Tarek, S. Health Promoting Qualities Framework for Blue and Green Landscapes: Applying Perceived Restorativeness on a Case

Study of Nile Riverfront in Greater Cairo Region. J. Eng. Res. 2022, 6, 41–55. [CrossRef]
106. Saeedi, I.; Dabbagh, E. Modeling the relationships between hardscape color and user satisfaction in urban parks. Environ. Dev.

Sustain. 2021, 23, 6535–6552. [CrossRef]
107. Chang, K.G.; Chien, H. The influences of landscape features on visitation of hospital green spaces—A choice experiment approach.

Int. J. Environ. Res. Public Health 2017, 14, 724. [CrossRef]
108. McFadden, D.; Train, K. Mixed MNL models for discrete response. J. Appl. Econ. 2000, 15, 447–470. [CrossRef]
109. Train, K.E. Discrete Choice Methods with Simulation, 2nd ed.; Cambridge University Press: Cambridge, UK, 2009. [CrossRef]
110. Hensher, D.A.; Greene, W.H. The Mixed Logit Model: The State of Practice and Warnings for the Unwary; Institute of Transport Studies,

the University of Sydney and Monash University: Sydney, Australia, 2002; Volume 1, pp. 1–39.
111. Train, K.; Sonnier, G. Mixed Logit with Bounded Distributions of Correlated Partworths. In Applications of Simulation Methods

in Environmental and Resource Economics; Springer Science & Business Media: Berlin/Heidelberg, Germany, 2005; pp. 117–134.
[CrossRef]

112. Haghani, M.; ShahHoseini, Z. Transportation Planning and Traffic Engineering and e Review of Statistics and Probabilities; Ava Book:
Tehran, Iran, 2018.

113. Höfler, M.; Pfister, H.; Lieb, R.; Wittchen, H.U. The use of weights to account for non-response and drop-out. Soc. Psychiatry
Psychiatr. Epidemiol. 2005, 40, 291–299. [CrossRef]

114. Memari, S.; Pazhouhanfar, M.; Grahn, P. Perceived sensory dimensions of green areas: An experimental study on stress recovery.
Sustainability 2021, 13, 5419. [CrossRef]

115. Hentschel, U.; Kiessling, M.; Hosemann, A. Adaptation to boredom and stress. Adv. Psychol. 2004, 136, 303–323.
116. Staats, H.; Collado, S.; Sorrel, M.A. Understimulation resembles overstimulation. J. Environ. Psychol. 2024, 95, 102280. [CrossRef]
117. Khansari, M.; Moghtader, M.R.; Yavari, M. The Persian Garden: Echoes of Paradise; Mage Publishers: Washington, DC, USA, 2003.
118. Wu, L.; Dong, Q.; Luo, S.; Jiang, W.; Hao, M.; Chen, Q. Effects of spatial elements of urban landscape forests on the restoration

potential and preference of adolescents. Land 2021, 10, 1349. [CrossRef]
119. Cai, K.; Huang, W.; Lin, G. Bridging landscape preference and landscape design: A study on the preference and optimal

combination of landscape elements based on conjoint analysis. Urban For. Urban Green. 2022, 73, 127615. [CrossRef]
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