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Abstract: This study developed an analysis based on children’s multi-sensory experiences and
preferences in urban forest park to make practical suggestions for the design of children’s activity
areas. Taking Maofeng Mountain Forest Park in Guangzhou, Guangdong province as a case study,
based on a face-to-face survey and online questionnaire survey, this study analyzed children’s multi-
sensory landscape preferences in the park and explored the influence of multi-sensory experiences
on children’s behavioral experience by establishing a structural equation model. The results reveal
that visual, auditory, tactile and olfactory sensations were significantly correlated with children’s
behavioral experiences. In terms of landscape preference, children preferred landscapes in blue-green
tones, original building materials and challenging entertainment programs. Based on these analysis
results, the design recommendations for children’s activity areas in urban forest parks are discussed.

Keywords: urban forest park; children; multi-sensory experience; preference research

1. Introduction

The urban forest park is based on the ecological landscape of the forest near the city,
equipped with appropriate artificial facilities and landscape buildings to meet the demand
of urban residents for outdoor activities to return to natural ecology and have leisure
vacations [1]. As an important part of the urban green space system, urban forest parks
are built following the basic principles of the forest ecosystem and have the functions of
recreation, science and education, culture, etc., bringing ecological, economic, social and
educational benefits to the city and its residents [2]. Compared with urban parks, urban
forest parks focus on forest ecosystems and showcase ecological diversity, presenting a
kind of natural and rustic look that is different from artificial urban parks [3]. With the
recent concern for urban ecological environment protection, research on the new concept of
urban forest parks has increasingly shown its value and potential.

To better realize the various functions of urban forest parks, the multi-sensory experi-
ence of park visitors is particularly significant. According to Edward T. Hall, an American
anthropologist, human receptors are divided into distance receptors and direct receptors,
which form a variety of perceptual sensations such as vision, hearing, smell, touch and
taste [4]. These receptors also have different tasks and ranges. The interconnection and
cooperation between multiple receptors can realize the complete perception of things and
the world [5], and then obtain a more comprehensive and enjoyable personal experience.
As a new perspective of experience and cognition, certain theoretical and practical achieve-
ments have been developed in the field of multi-sensory research. On the theoretical side,
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international research focuses on three main directions: health care, multi-sensory land-
scape construction and sensory experience tourism [6]. There is also an increasing number
of studies on audiovisual perceptions such as the “soundscape” [7]. On the practical side,
sensory parks designed for specific groups of people or medical purposes are emerging [8],
with world-renowned examples of multi-sensory applications such as the Osaka Garden
in Japan and the Frosinone Sensory Park in Italy. With the continuous development of
theories and practices, multi-sensory ideas continue to permeate innovations in landscape
design [9]. As the key point of future urban green infrastructure construction, urban forest
parks should be designed and innovated around people’s multi-sensory experience to bring
all-around green experiences and enjoyment to urban residents.

Increasing attention has been paid to natural activities in child development during
the past decade, since children’s lack of activities has become a global public health prob-
lem [10]. Urban forest parks are some of the most accessible public places for children in
terms of natural activities. They play an important role in effectively improving the amount
of children’s extracurricular activities and promoting children’s all-round growth [11]. The
positive effects of activities in forest parks on human health have been well documented in
the past [12]. However, the best way of maximizing the function of urban forest parks to
serve children and improve their multi-sensory experience remains an open question [13].
In 2018, the proportion of domestic tourists aged 18 and below in China reached 12.80% [14],
indicating that underage tourists have become more prominent in the total tourist popula-
tion [15]. At present, the research objects in the field of visitor perception in urban forest
parks are more concentrated on adults, not children [16,17]. Moreover, some urban forest
parks have no activity areas designed for children, and other forest parks with children’s
amusement places also make fewer considerations for problems such as children’s physical
and psychological characteristics [10]. A children’s activity area is a special area in an urban
outdoor space for children to play, rest, interact, etc. [18]. In some Western cities, children
are moving away from outdoor public areas [19], which leads to many problems, such as
some children becoming avoidant, timid and lacking in concentration [20,21], which has
drawn increasing attention to the importance of children’s activity areas for their healthy
development [22]. Some scholars have pointed out the need for exclusive children’s ac-
tivity areas in urban forest parks [20]. Based on this, many scholars have used gender
differences, differences in household income levels, and ethnic differences as variables
to explore children’s behaviors and preferences within children’s activity areas in urban
forest parks [23,24]. Simultaneously, some studies focus on children’s health needs and the
design of activity areas. Solomon suggested that the design of activity areas should take
into account children’s physical and mental characteristics, rather than a “McDonald’s”
type of simple stacking [25]. Cumbo et al. found that children’s rich imagination allows
them to make full use of the resources in the forest park. A suitable environment for
children’s fantasies in the forest park is conducive to the dynamics of communication and
the realization of imagination, allowing children to have pleasant sensory experiences [26].
To date, there is a paucity of research that explores the needs of child visitors in urban forest
parks from a multi-sensory experience perspective. Montessori, a renowned educator, has
stated that children grow up experiencing the natural environment primarily through the
five senses, which lead to memory, imagination, and thinking [27]. Sensory experiences
are a basic way for children to know the external world and play an important role in
their growth and development [18]. Compared with adults, children are more sensitive
to external sensory stimuli. In addition to seeing and listening, the aroma and touch of
urban forest parks can also have a huge impact on children’s senses [28]. However, many
existing studies mainly focus on the visual and auditory fields, and other sensory effects
are often ignored [7]. Previous research results show that tourists have less demand for
taste experiences [29], and the olfactory experience is mainly reflected in tourists’ eating
activities [30], which has a low correlation with forest parks. Accordingly, this study will
mainly examine four aspects: vision, hearing, smell and touch. As an exclusive place for
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children in urban forest parks, the development of children’s activity areas should pay
more attention to children’s sensory experience and participation.

Therefore, under the current situation, in which the lack of movement in the process of
children’s growth is becoming increasingly prominent and the proportion of child tourists
in urban forest parks is gradually increasing, the research of this article has practical and
theoretical significance. On one hand, by investigating children’s landscape preferences in
urban forest parks, this paper puts forward some suggestions for the design of children’s
activity areas in urban forest parks, hoping to meet children’s entertainment needs, so
that children can actively participate in extracurricular activities with a greater probability
and grow up healthily. On the other hand, at present, there are few studies in the field of
urban forest parks that focus on children’s groups and multi-sensory experiences. With the
gradual liberalization of China’s fertility policy and the improvement in people’s attention
to the growth of children, children’s groups are becoming an important topic that cannot
be ignored. Based on the summary and utilization of existing research results, this article
can make up for the lack of children’s sensory experience research to a certain extent and
further enrich the research on children’s visitor groups in urban forest parks. It also has
certain characteristics that can help urban forest park managers to understand the needs of
children customers and the common problems existing in the operation of the park, and
finally provide a reference for the future strategic development of urban forest parks.

2. Methods
2.1. Case Selection and Data Collection

As shown in Figure 1, Maofeng mountain forest park is located in the northeast of
Baiyun District, Guangzhou, Guangdong Province, China, with a total area of 69.72 square
kilometers. This park covers the central city of Guangzhou and the new Baiyun Inter-
national Airport within 20 km, providing an accessible urban green space for families
with superior locational conditions [31]. It has a humid southern subtropical climate, with
temperatures generally 2–5 ◦C lower than in the city center. It is dominated by broadleaf
and coniferous forests, with a forest cover of 77.63%, while there are several reservoirs and
mountain ponds within the park, with a total water area of 2.80 km2. This park has good
forest ecological landscape resources and superior conditions for developing forest tourism,
and it was included in the list of provincial forest parks in 2001, being represented as an
urban forest park with universal significance for studying children’s visiting behavior [32].
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Prior to the start of the large-scale questionnaire, this study conducted a pre-study with
10 school-age child volunteers of different ages to ensure that the children in the selected age
group could understand the questionnaire questions in a basic way, and could complete the
questionnaire in an average of 4 min 53 s (min = 3′28′ ′, max = 9′28′ ′). Moreover, investigators
tested the children’s intelligence level with simple general knowledge questions prior to
the interview. Meanwhile, to ensure that the children fully understood the questionnaire,
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the survey team members and the parents of children assisted as support staff throughout
the interview. However, they were not allowed to interfere with or intentionally guide the
children’s true thoughts. After completing the questionnaire, each child who successfully
completed the whole task received a gift, which attracted more children and stimulated
sharing among the children’s group.

This study conducted a multi-sensory experience questionnaire survey of child vis-
itors aged 6–14 years in Maofeng Mountain Forest Park during clear daylight hours
(9 a.m.–5 p.m.) from January 25 to 21 February 2022, a time when the weather in Guangzhou
was more comfortable than average (5–24 ◦C); therefore, residents were more willing to
travel. Furthermore, it was the Chinese New Year period with a high probability of parent–
child travel, which was suitable for this study. In terms of research methods, the research
respondents were children aged 6–14 years old, who received elementary school education
and had a certain level of literacy [33]. Moreover, the sample size required for this study
was large, such that the data collection of the questionnaire survey was divided into two
modes: an on-site face-to-face survey and an online survey. The on-site survey used a
random sampling method by observing and questioning children of appropriate age at four
different locations (Jinguo Forest, Tianhu Lake, Maofeng Qinyuan and Ancient Temple)
in Maofeng Mountain Forest Park. As for the online survey, the online questionnaire was
distributed to age-appropriate children who had been to Maofeng Mountain Forest Park
after obtaining the permission of their guardians. Furthermore, an online video was used to
assist children in real time in order to avoid excessive parental intervention in the process
of children’s texts.

In the end, the team members interviewed 157 children at the park site, excluding
respondents who were not of the right age and were unwilling to cooperate, finally col-
lecting a total of 126 on-site questionnaires. The online survey placed more emphasis on
the authenticity of the subjects, and a total of 224 online questionnaires were collected.
Excluding inconsistencies and incomplete answers, there were 336 valid questionnaires left
online and offline, with an effective rate of 96%.

2.2. Questionnaire Design

This study used the definition of children in the relevant Chinese laws [34], and
defined the interviewed group as children aged 6–14 years. The study first summarized the
role of urban forest parks in children’s growth and the importance of multi-sensory design
in children’s activity areas. Then, the article investigated the multi-sensory experience and
preferences of children tourists and analyzed the collected questionnaire data quantitatively,
followed by suggestions for the design of children’s activity areas based on the analysis
results. Finally, limitations and directions for future research were given at the end of
the article.

This study applied a questionnaire survey method and collected 336 valid question-
naires. These questionnaires used a five-point Likert scale to examine the relationship
between multi-sensory perceptions and children’s multi-sensory behavioral experiences.
The Likert scale can quickly and intuitively obtain the degree of recognition of a subject
and quantify it, and has the characteristics of strong operability and analysis [35]. In this
study, children’s multi-sensory perceptual situation, the sense of behavioral experience and
sensory attention were categorized into five levels: very good (2), better (1), neutral (0),
bad (−1) and very bad (−2). Due to the limited cognitive level of the children group, the
questionnaire was designed to have simple and friendly textual expression, so that children
could better understand the content. There were also colorful pictures associated with
questions in the questionnaire to give children a more visualized and vivid presentation.
In addition, the questionnaire was divided into several parts. In every questionnaire dis-
tributed, each section was randomly arranged and combined in order to avoid order effects.
The following dimensions were adopted to design the questionnaire in this study.
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2.2.1. Multi-Sensory Perception and Behavioral Experience Dimensions

The multi-sensory perception section of the questionnaire drew on Zhang et al.’s
scale on the influence of multi-sensory perception on the restoration effect of urban green
spaces [8], and the behavioral experience section drew on Cui et al.’s study on user expe-
rience evaluation methods [36], finally designed to investigate children’s multi-sensory
behavioral experiences along four dimensions (visual sensation, auditory sensation, tactile
sensation and olfactory sensation). Additionally, this study investigated children’s percep-
tual preferences for the above four senses, collecting the senses that children paid the most
and least attention to.

2.2.2. Landscape Preferences and Design Dimensions for Children’s Activity Areas

Children’s visitation environment settings are divided into three aspects: contact with
nature, aesthetic appearance and opportunities for recreation and play [37]. Accordingly,
this study also investigated children’s design preferences regarding children’s activity areas
in terms of five aspects: (1) color; (2) building types; (3) vegetation types; (4) landscape types;
and (5) activity types. Specifically, regarding the fifth item, “activity types”, in addition
to the conventional amusement programs and quality-development programs, this study
also set up outdoor learning activities about knowledge of the natural environment with
reference to the findings of Labintah and Shinozaki [38]. Through the setting of the above
questionnaire questions, this study can, to a certain extent, find what children expect of the
children’s activity areas in urban forest parks.

2.2.3. Individual Relevance Dimension

Socio-demographic characteristics and visiting habits were investigated as relevant
factors, specifically: gender, age, frequency and duration of visits and periods of visits [8].
This study investigated the potential influence of these individual factors on children’s
multi-sensory experiences and preferences in forest parks.

2.3. Technology Roadmap

As shown in Figure 2, this paper assumes that there is a dependency between children’s
multi-sensory perceptions, landscape preferences, and children’s behavior in the forest
park, and applies it to our questionnaire design. Visual sensation, auditory sensation, tactile
sensation and olfactory sensation together influence children’s landscape preferences and
behavioral experience, and children’s multi-sensory perception and landscape preferences
together influence their behavior. There is a close relationship between multi-sensory
perception, behavioral experience and landscape preference, which makes it possible to
formulate guidelines on how to design children’s activity areas. After completing the
questionnaire design, this paper validated the conjectures through a series of data analyses.
The first was a reliability and validity analysis to establish that the questionnaire data
collected were reliable and internally consistent. Secondly, the results obtained from the
collected questionnaire data were briefly described through descriptive analysis, which was
used to analyze children’s overall preference for urban forest park landscapes. Finally, by
building structural equation models, this paper explored the correlation between children’s
multi-sensory perceptions and children’s behavioral experiences in urban forest parks.

2.4. Reliability and Validity Analysis of Respondents Sample

The data samples were tested for reliability and validity using the SPSS reliability
test with IBM SPSS Statistics 26. As shown in Table 1, the Cronbach’s alpha value of the
total variables of the scale was 0.804, and the Cronbach’s alpha values of the five latent
variables were all in the range of 0.637 to 0.903. The combined reliability (CR) was also
higher than 0.60, indicating that the observed variables of each latent variable of the scale
were reasonably designed, and the internal stability of the sample data was good.
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Table 1. Reliability and validity analysis.

Latent Variable Observation
Variable α KMO p Value

Visual sensation 8 0.796
Auditory sensation 6 0.738

Tactile sensation 7 0.903
Olfactory sensation 5 0.637

General behavior experience 5 0.682
Total 31 0.804 0.822 0.000

In terms of validity, the KMO value was 0.822, which was greater than 0.6. The p value
(0.000) was less than 0.001, indicating that the validity of the measurement model was high
and the selected observed variables had a certain correlation and validity.

2.5. Path Analysis of Respondents Sample

This study used IBM SPSS Amos 26 Graphics to construct a structural equation model
for the data obtained from the questionnaire. In this study, the specific questions about
multi-sensory perception in the questionnaire are listed as observation variables, and the
children’s multi-sensory perception experience and general behavioral experience, which
are the variable that the research wants to explore, are listed as potential variables, as
shown in Figure 3.

The fit indices of the structural equation models for all observed variables are shown
in Table 2. The fitting index test is an important link to evaluate the effectiveness of the
structural equation model [39]. The fitting index is the consistency between the hypothetical
theoretical model and the actual data. The higher the value of the fitting index, the better
the consistency between the theoretical model and the actual data. From the first index,
TLI, proposed by Tucker and Lewis [40] in 1973, to NTLI, proposed by Marsh and Balla [41]
in 1996, there are more than 40 named fitting indexes officially published in the literature.
At present, the RMSEA (root mean square error of approval), AGFI (adjusted good fit
index), TLI (Tucker–Lewis index), CFI (comparative fit index), SRMR (standardized root
mean square residual) and other popular fitting indexes are recommended in academic
circles [42]. This paper referred to the commonly used fitting indexes in academia and the
selection of fitting indexes in the study of multi sensory restoration effect of urban green
space by Zhang et al. [8], and finally chose Chi-square/df, RMSEA, GFI, AGFI, TLI and CFI
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as the fitting indexes for the study. The chi-square/df and RMSEA in the model reached
the desired values. The values of GFI, AGFI, TLI, and CFI in the model were slightly lower
than the ideal values, but the overall fitting degree is acceptable for these data [8,30,43].
The results suggest that all scales used in this study formed adequate measurement models,
and the construct validity of the measures was confirmed.
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The standardized regulation weights of the structural equation model are used to
describe the relationship between elements in the model. When the weight is greater than
zero, it indicates that the two elements are positively correlated. When the weight is less
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than zero, it indicates that the two elements are negatively correlated. The higher the value,
the greater the correlation.

Table 2. Tests of structural equation model fit indices.

Fitting Index Ideal Value Acceptable Value Model Predictive Value Whether Passes Test

Chi-square/df 1–2 1–3 1.839 Pass
GFI >0.9 >0.7 0.892 Pass

AGFI >0.9 >0.7 0.871 Pass
RMSEA <0.08 <0.09 0.050 Pass

TLI >0.9 >0.7 0.874 Pass
CFI >0.9 >0.7 0.885 Pass

3. Results
3.1. Descriptive Analysis

The descriptive statistics of the sample are presented in Figure 4. In terms of socio-
demographic characteristics, regarding gender structure, the proportion of male and female
respondents was relatively balanced (Figure 4a). In terms of age, the largest proportion
of respondents (57.13%), more than half, were between 10 and 12 years old (Figure 4b).
Regarding the average frequency of park visits, the majority of children (45.50%) visited
the forest park once a month, with slightly fewer choosing “Once a week or more” and
“Semiannual or less” (Figure 4c). In terms of the personal duration of park visits, more
than half of the children (56.25%) stayed between one hour and three hours, while nearly
one-third (28.57%) stayed between half an hour and one hour (Figure 4d). As for the period
of visits, nearly half of the respondents (43.75%) chose to visit the park in the morning, and
more than one-third (35.71%) chose to visit in the afternoon (Figure 4e).
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As shown in Figure 5, in terms of personal color preference, nearly two-thirds of the
respondents preferred green (69.64%) and blue (16.96%) (Figure 5a). As for the landscape
color combination preference, more than half of the respondents preferred a combination of
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blue and green water and wood landscapes (65.18%), 42.86% of the respondents preferred
planted landscapes with various colors, and only 9.82% of the respondents preferred
large-scale planted landscapes with high contrast (Figure 5b).
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Figure 5. Description of surveyed children’s perceived preferences in the urban forest park.
(a) Favorite color; (b) preference of color combination; (c) sensation that concerned them the most;
and (d) sensation that concerned them the least. Items (a,c,d) were set as single-choice questions,
while item (b) was set as a multiple-choice question.

For the overall perception of children’s sensations in the forest park, visual sensations
(90.18%) were those that children paid the most attention to in the forest park, and tactile
sensations (53.57%) were those that the children were least concerned with (Figure 5c,d).

Regarding the children’s landscape preferences in urban forest parks, as shown in
Figure 6, in terms of the choice of building materials, original ecological materials such
as wood (61.61%) were the most popular ones. Elastic materials such as rubber (42.86%)
and soft materials such as cotton (41.96%) followed. Rough-texture materials such as hemp
rope (25.00%) and light and durable materials such as plastics (16.96%) were chosen by
fewer people, while only 9.82% of the respondents chose smooth and hard materials such
as steel (Figure 6a).

In terms of the type of vegetation designed, there was no significant difference in
preference between different vegetation types. The largest number of children preferred
lawn (62.50%), followed by flowering plants (56.25%). In contrast, the preference for forest
vegetation was relatively low (41.96%–44.64%), but the differences presented between
the three different types of tree species were not significant (Figure 6b). It could be seen
that children expressed a certain preference for the rich and diverse types of forest park
vegetation. The comparison of people choosing lawn vegetation versus forest vegetation
also showed that children’s preference for taller forest vegetation was lower than for
lawn vegetation.

The same small difference was also seen in the preference for landscape types, where
the largest number of children chose comfortable rest areas made with gallery frames
(66.07%) and feature amusement facilities (60.71%); wide squares or open spaces (62.50%)
and beautiful natural landscapes (50.00%) were next in number. Novel artificial ornaments



Forests 2022, 13, 1435 10 of 22

were chosen by the least children (43.75%) (Figure 6c). It was clear that feature amusement
facilities, plazas or open spaces for free movement, and beautiful natural landscapes
were preferred, being endorsed by half or more of the children surveyed. In addition,
comfortable rest areas were the most popular form of landscape for the children surveyed,
which emphasizes the need for children to rest after activities and sightseeing, showing
that the construction of rest areas for children should not be neglected in forest parks.
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Focusing on the types of activities in the children’s area, the results show that the
highest number of people chose personal or team quality-developed activities (77.68%),
more than half of the respondents also chose outdoor classes (60.71%), large-scale amuse-
ment projects (57.14%), and the indoor use of science animation and multimedia interactive
games (54.46%), and the smallest number of respondents chose nature experiments (35.71%)
(Figure 6d). It could be seen that personal or team quality-developed programs, such as
rock climbing and canoeing, which were hands-on and challenging, were the most interest-
ing activities for children. Amusement programs, on the other hand, still received majority
support as traditional children’s recreational activities.

In terms of visual perception, the mean values of “V2 Lush vegetation” “V7 Rich colors”
were all at a high level, being greater than 1.4 (1.43–1.57), and only the value for “V1 Regular
landscape” (1.38) was slightly lower than the other six items, indicating that the children
interviewed had a high perception of most of the visual experience variables in the forest
park. In terms of auditory perception, the mean values of all potential variables were higher
than 1 point, indicating that children showed strong agreement in terms of the perception
of each auditory experience. In particular, the children perceived beautiful natural sounds
such as “A1 Natural sounds” and “A2 Animal sounds” more favorably than comfortable
artificial sounds such as “A3 Background music”, “A4 No traffic noise” and “A5 Others’
sounds of activities”. As for tactile perception, the differences between latent variables
were larger. As can be seen from Figure 7, the means of “T1 Suitable apparent temperature”,
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“T2 Suitable somatosensory wind speed”, and “T3 Paved road” were all below 1 (0.89–0.93),
which were between the levels of general to relatively agreeable attitudes. The means of
the last three, “T4 Natural landscapes touch”, “T5 Artificial landscapes touch”, and “T6
Safety perception of artificial landscape”, were relatively high (1.08–1.38), indicating that
children paid slightly less attention to the dimensions related to physical sensation and
road leveling. However, for natural or artificial specific landscapes, the degree of tactile
perception was higher. In terms of olfactory perception, the children showed a stronger
agreement (1.33–1.61), ranging from agreeing to strongly agreeing, in all four experience
perception subdivisions, especially for “O3 Fragrant natural beings” (1.61). Regarding the
overall sensory experience of the forest park, “G1 mood” received the highest perceptual
agreement (1.74), while “G4 Content attraction” presented a slightly lower perception (1.15)
compared to the other three. However, in general, the mean scores of “G1 Mood”–“G4
Content attraction” dimensions were higher than 1, showing positive attitudes ranging from
agreeing to strongly agreeing, indicating that respondents had a better overall behavioral
experience in the forest park and tended to have a pleasant experience of activity in the
park (Table 3 and Figure 7).
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In this study, an in-depth investigation of the “O1 Fresh air” and “O3 Fragrant natural
beings” was conducted. In “O1 Fresh air”, the reasons that children thought the air in
urban forest parks was not fresh were presented. A few respondents who expressed bad
and completely bad attitudes toward the air cleanliness considered that the air quality in
the park had decreased due to dust or garbage (Figure 8). In “O3 Fragrant natural beings”,
the study also investigated children’s perceptual descriptions of flowers, trees and soil in
urban forest parks. Most respondents described this item with words such as “fresh” and
“fragrant”, indicating that children’s olfactory perception of air, natural plants and trees
was relatively good (Figure 9).

3.2. Path Analysis of Multi-Sensory Perception

The standardized regression weights of the structural equation model are shown in
Table 4. In terms of visual sensation, the most influential indicator was V3 clear water
(0.613), followed by V6 wide view (0.564), V5 neat road (0.554) and V2 lush vegetation
(0.542). From this conclusion, it could be seen that children paid more attention to simple
and accessible visual experiences than to the more complex criteria such as landscape
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regularity and colorfulness. Therefore, the design of children’s activity areas needed to
focus on the positive influence of natural scenery on their willingness to experience things.
For auditory sensation, the standardized regression weights were larger for A1 natural
sounds (0.752) and A2 animal sounds (0.821), and smaller for A4 no traffic noise (0.186)
and A5 other sounds of activities (0.327). This meant that children were more sensitive to
and were fond of natural sounds and animal sounds, and more repulsed by traffic noise
and noisy human sounds. Accordingly, the design of children’s activity areas should avoid
areas in the park that are close to downtown areas and factories, and should be close to
areas with more vegetation and animals.

Table 3. Descriptive analysis of the perception of multi-sensory experiences in the urban forest park
(n = 336).

Code Items Mean Standard Deviation

V Visual sensation

V1 Regular landscape 1.38 0.64
V2 Lush vegetation 1.54 0.56
V3 Clear water 1.40 0.69
V4 Harmonious artificial landscape 1.47 0.63
V5 Neat road 1.55 0.57
V6 Wide view 1.56 0.59
V7 Rich colors 1.43 0.58

A Auditory sensation

A1 Natural sounds (the sounds of water flow, wind blowing leaves, etc.) 1.66 0.52
A2 Animal sounds (the sounds of birds and insect, etc.) 1.70 0.52
A3 Background music (broadcast music, live music, etc.) 1.44 0.57

A4 No traffic noise (car whistle, etc.) or mechanical noise
(sounds from factories and lawn mowers, etc.) 1.41 0.59

A5 Others’ sounds of activities (the sounds of conversation, whistle,
footsteps, singing, large-scale activities, etc.) 1.43 0.57

T Tactile sensation

T1 Suitable apparent temperature 0.93 0.80
T2 Suitable somatosensory wind speed 0.93 0.94
T3 Paved road 0.89 1.06
T4 Natural landscapes touch (water flow, plants, land, etc.) 1.38 0.70
T5 Artificial landscapes touch (amusement facilities, rest seats, etc.) 1.24 0.63
T6 Safety perception of artificial landscape 1.08 0.80

O Olfactory sensation

O1 Fresh air 1.49 0.61
O2 No allergic experience 1.45 0.60
O3 Fragrant natural beings (trees, flowers, soil, etc.) 1.61 0.53

O4 Artificial facilities without peculiar smell
(buildings, amusement facilities, etc.) 1.33 0.55

G General behavior experience

G1 Mood 1.74 0.58
G2 Enjoyment 1.23 0.69
G3 Visual beauty 1.35 0.67
G4 Content attraction 1.15 0.81

In terms of tactile sensation, T4 natural landscape touch (0.842) and T6 safety percep-
tion of artificial landscape (0.833) had high correlations, indicating that children had clear
perceptions of the touch of natural objects that they could directly come into contact with
and the safety of the artificial landscape, while they were not sensitive to the perception of
external temperature and wind speed. In terms of olfactory sensation, its correlation with
O1 fresh air (0.632) was stronger than other variables, indicating that children paid more
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attention to air odor in terms of olfactory sensation compared with the odor of natural
and artificial landscapes, and it was especially important to keep the air in the children’s
activity area clean and fresh. In terms of general behavioral experience, the standardized
regression weights for mood, enjoyment, visual beauty, and content attraction were 0.402,
0.689, 0.720, and 0.483, indicating that children paid more attention to G3 visual beauty
(0.720) and G2 enjoyment (0.689) in their general behavioral experience.
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Standardized weights and their statistical significance obtained from the structural
equation model are presented in Table 5. Visual, auditory, tactile and olfactory sensations
all had p-values < 0.05 and were positively and significantly associated with general be-
havioral experience [8]. In addition, the standardized weights for visual, auditory, tactile,
and olfactory sensations were 0.268, 0.176, −0.085, and 0.348, which implied that olfactory
sensation had the greatest influence on children’s behavioral experiences, followed by
visual and auditory sensation, and tactile sensation had the least influence on children’s be-
havioral experiences. Meanwhile, visual, auditory and olfactory sensations were positively
correlated with behavioral experience, and tactile sensation was negatively correlated with
behavioral experience.
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Table 4. Structural equation model standardized regression weights of observed variables.

Items Standardized Regression Weights

Visual sensation

V1 Regular landscape 0.510
V2 Lush vegetation 0.542

V3 Clear water 0.613
V4 Harmonious artificial landscape 0.476

V5 Neat road 0.554
V6 Wide view 0.564
V7 Rich colors 0.450

Auditory sensation

A1 Natural sounds (the sounds of water flow, wind blowing leaves, etc.) 0.752
A2 Animal sounds (the sounds of birds and insect, etc.) 0.821

A3 Background music (broadcast music, live music, etc.) 0.424
A4 No traffic noise (car whistle, etc.) or mechanical noise

(sounds from factories and lawn mowers, etc.) 0.186

A5 Others’ sounds of activities
(the sounds of conversation, whistle, footsteps, singing, large-scale activities, etc.) 0.327

Tactile sensation

T1 Suitable apparent temperature 0.639
T2 Suitable somatosensory wind speed 0.741

T3 Paved road 0.707
T4 Natural landscapes touch (water flow, plants, land, etc.) 0.842

T5 Artificial landscapes touch (amusement facilities, rest seats, etc.) 0.696
T6 Safety perception of artificial landscape 0.833

Olfactory sensation

O1 Fresh air 0.632
O2 No allergic experience 0.451

O3 Fragrant natural beings (trees, flowers, soil, etc.) 0.605
O4 Artificial facilities without peculiar smell (buildings, amusement facilities, etc.) 0.560

General behavior experience

G1 Mood 0.402
G2 Enjoyment 0.689

G3 Visual beauty 0.720
G4 Content attraction 0.483

Table 5. Results of path analysis: standardized estimates (n = 336).

Hypothesis Estimate S.E. C.R. p

General behavior experience←Visual sensation 0.268 0.086 3.121 0.002 *
General behavior experience←Auditory sensation 0.176 0.080 2.186 0.029 *

General behavior experience←Tactile sensation −0.085 0.043 −1.998 0.046 *
General behavior experience←Olfactory sensation 0.348 0.103 3.381 ***

Note: * means p < 0.05, *** means p < 0.001, S.E. means standard error, C. R. equivalent to the value of T
in statistics.

4. Discussion

Although the previous literature has attempted to explore the relationship between
sensory perceptions and behavioral experiences of crowds in urban parks [16], few scholars
have analyzed this from children’s perspective by combining four different senses. In this
study, the subjective evaluation method was used to explore the relationships among multi-
sensory perception, children’s behavioral experiences and landscape preferences based on
the questionnaire data of children in Maofeng Mountain Forest Park in Guangzhou, and
the following conclusions were obtained. Specifically, this study confirmed the direct link
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between visual, auditory, tactile and olfactory multi-sensory perceptions on children’s be-
havioral experiences, indirectly revealed the relationship between multi-sensory perception
and children’s landscape preferences, and finally integrated multi-sensory perception, be-
havioral experiences, and landscape preferences into a whole, providing a comprehensive
exploration of children’s behavior and psychology in urban forest parks from a multi-
sensory perspective. Therefore, this study could enrich the evidence of the multi-sensory
perception and behavioral psychology of children to some extent.

4.1. General Behavioral Experience Findings of Children in Urban Forest Parks
4.1.1. The Sensory Perception with the Highest Level of Children’s Self-Attention Was
Visual and with the Lowest Level of Attention Was Tactile

In terms of general sensory perception in the forest park, vision was the sensation that
the interviewed children paid the most attention to in the forest park (90.18%) and touch
was the sensation that the interviewed children paid the least attention to (53.57%).

This finding further validates the conclusion of Lyu and Zhang (2021), that eyes are the
most basic tools for children to perceive external information, and that children understand
and perceive objects through the world as seen by the eyes, which makes children pay more
attention to and favor visual inputs in the development of their senses. In terms of tactile
sensations, this study presents further exploration of and reflection on Lyu and Zhang’s
(2021) findings through an empirical approach. It has been argued that the sense of touch
is the most intuitive process that children experience [44]; however, this study found that
vision is the sensation that the interviewed children paid the least attention to in the forest
park of all four sensations, which suggests that the extent of children’s tactile perception
needs to be assessed from the children’s own perspective and based on the actual situation.

4.1.2. Visual, Auditory, Tactile and Olfactory Sensations Were Significantly Correlated with
Children’s Behavioral Experiences

The results of the operational tests of the structural equation model show that visual,
auditory, tactile and olfactory sensations were all significantly correlated with children’s
general behavioral experience in the urban forest park, indicating that visual, auditory,
tactile and olfactory sensations all influence children’s overall sense of experience in the
forest park. This finding is consistent with existing research by Yaswinda (2016), which
suggest that children’s direct and authentic experiences require multiple senses to deepen
their perception and understanding of what they see, hear, smell and touch [45].

4.1.3. Olfactory Sensation Has the Greatest Influence on Children’s Behavioral Experiences,
Followed by Visual and Auditory Sensations, and Tactile Sensation Has the Least Influence
on Behavioral Experiences

Among children’s behavioral experiences in urban forest parks, the most influential
is the need for olfactory sensation (0.348), which indicates that good olfactory sensation
can improve the satisfaction of potential child visitors to a greater extent, with the odors of
O1 fresh air (0.632) and O3 fragrant natural beings (0.605) having the greatest impact on
children’s overall olfactory sensation. This conclusion is different from previous scholars’
view that vision is the most influential of all senses on behavioral experience [46], probably
because the improvement of the overall urban environment and landscape in recent years
has led to better visual sensation in forest parks in general. Coupled with the lack of social
experiences of children compared to adults, which makes the amount of park contrast
insufficient, the impact of visual sensation on experience satisfaction is relatively lower.
More empirical research is needed to support the effects of olfactory sensation on children’s
behavioral experiences and their causes. In addition, unpleasant odors directly stimulate
children’s respiratory tracts, causing children to produce behavioral feedback such as using
body language and voice language to express resistance, while visual sensations do not
have such obvious feedback. The effects of visual and auditory sensations on behavioral
experience were 0.268 and 0.176, and the visual sensation of air freshness and natural
landscape in urban forest parks had positive effects in enhancing children’s behavioral
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experience dimensions. Comfortable auditory sensations generated in urban forest parks,
including natural soundscapes and pleasant artificial soundscapes, can enhance children’s
experience in forest parks and regulate their behavior. Traffic noise and noisy people have a
low impact on enhancing the experience. The absolute value of the standardized coefficient
of tactile sensation is 0.085, which has a low impact on children’s behavioral experience.

4.1.4. Olfactory Sensation Was Negatively Correlated with Children’s
Behavioral Experience

Olfactory sensation was negatively correlated with children’s behavioral experience
(−0.085), which shows that lower somatosensory, landscape tactile sensations result in a
higher general experience. The reasons for this may be due to some error in the results
due to less consideration of tactile factors in the setting of children’s general behavioral
experience variables, which needs further research and investigation. Moreover, it may
be due to the individual differences in perceptual preferences during childhood. Previous
studies have confirmed that children enjoy activities and challenges involving risk, speed,
excitement, stimulation, and uncertainty [47]. To some extent, uneven surfaces, lower
physical sensations and landscape tactile sensations can stimulate children’s sense of
adventure and challenge, and enhance their experience satisfaction.

4.2. General Landscape Preferences for Children in Urban Forest Parks
4.2.1. Children Prefer Blue and Green Tones in Urban Forest Parks

In terms of visual color preference, this study consistently ascertains that blue and
green received higher support from the children surveyed in both single color preference
and color combination preference statistics. This is in line with the findings of Child et al.
(1968), who found that children and adolescents from 6 to 18 years of age preferred cooler
colors and that blue and green were favorite colors for all age groups. In addition, children’s
preference for highly saturated colors generally diminishes with age [48]. Furthermore,
blue and green landscapes (water and wood landscapes, etc.), as the main components
and basic elements of forest parks, fit better with children’s perceived impressions of forest
parks; thus, these two colors in forest parks give children a better sense of connection and
intimacy [49].

4.2.2. Children Prefer Soft and Original Ecological Building Materials in Urban
Forest Parks

In terms of building tactile preferences, children’s more delicate skin than that of
adults makes them prefer soft and comfortable tactile sensations. Wood, cotton and rubber
are the preferred building materials for children, while the rough, cold and hard touches
of materials such as twine, steel and plastic are resisted by them. This finding echoes the
established knowledge by Friso et al. (2015) that natural materials such as wood and fiber
are usually associated with comfort. Additionally, the degree of elasticity and softness that
these natural materials have usually bring better comfort and pleasure to children and offer
them the sense of security [50].

4.2.3. There Is Little Difference between Children’s Perceived Preferences for Vegetation
and Landscape Types in Urban Forest Parks

Focusing on the vegetation types in urban forest parks, lawns, flowers, and trees are
all preferred by children. However, in general, vegetation types such as lawn and flowers
with a low field of view are preferred over vegetation types such as trees with a higher
field of view, which may be due to children’s high demand for social activities in the forest
park and the fact that children’s perception of the size, positive recreational use and shade
capacity of forest vegetation is not as strong as that of adults [51]. In contrast, the situation
regarding floristic plants, which were chosen by more than half of the children, is consistent
with the findings of Talal and Santelmann (2021), indicating that most people of all ages
have some preference for floristic plants with color [51].



Forests 2022, 13, 1435 17 of 22

Regarding the landscape types, most children show preferences for recreati1al facilities,
squares, natural landscapes, and rest areas. Among them, feature amusement facilities,
plazas or open spaces for free movement, and beautiful natural landscapes were strongly
endorsed by the children surveyed, which reflects the same finding as previous studies, that
the most important influences that attract children to parks are active recreational facilities
and natural landscapes [52]. In addition, comfortable rest areas were the most popular
form of landscape for the children surveyed, which emphasizes the need for children to
rest after activities and sightseeing, showing that the construction of rest areas for children
should not be neglected in urban forest parks. The importance of rest areas in relation to
children’s outdoor activities deserves further research and attention in the future.

4.2.4. Children Prefer Quality-Development Programs That Are Somewhat Hands-On and
Challenging in Urban Forest Parks

Childhood is a time in life when people are more imaginative, curious, and adven-
turous than in other periods [47]. In terms of activity programs, children generally show
more interest in and a preference for personal or team quality-development programs that
are hands-on and challenging, such as rock climbing and canoeing. This result is also
consistent with the effectiveness of the “Adventure Obstacle Course” derived from the
study by Labintah and Shinozaki. When children participate in this kind of adventure
course, such as going through the mudflats, they have the opportunity to use their sensory
and tactile skills and gain more immersion and enjoyment [38].

Children also prefer science animations and interactive games that reveal the mysteries
of nature, etc., indicating that the introduction of activity programs about nature science
knowledge in forest parks is equally attractive and relevant.

4.3. Design Recommendations of Children’s Activity Areas in Urban Forest Parks

Children are the participants of their own activity areas. However, at present or in
the past, designers have tended to ignore children’s own feelings and needs, and to be too
subjective during the design process [53]. Thus, based on the above findings on children’s
multi-sensory experiences and landscape preferences in forest parks of this study, the
following recommendations are made for the design of children’s activity areas in urban
forest parks.

4.3.1. Overall Design

Many previous studies have investigated and designed children’s learning and thera-
peutic environments from a multi-sensory perspective to better facilitate children’s inter-
action and the learning experience [54,55]. As a place for children to rest, play, learn and
interact, children’s activity areas should pay more attention to children’s perceptions and
preferences for landscapes, and meet the needs of children’s unique group experiences. As
the basic window for children to perceive and understand the world, multi-sensory percep-
tion is an important reference for the design of children’s activity areas. It is suggested that
the design and construction of children’s activity areas in urban forest parks should fully
consider the multi-sensory experience of children, and bring better experiences and natural
perceptions to children through the interplay of sight, sound, touch and smell. Secondly, it
is also important to optimize the functional zoning and activity design of children’s activity
areas to better meet children’s preferences and enhance their experience and interest.

4.3.2. Visual Design

Vision is the sensory perception that receives the most attention from children in forest
parks (Figure 5), accounting for approximately 80% of all human perceptual activities,
and is critical to the visual landscape design of children’s activity areas. In terms of
color, influenced by the main color palette of the park, the interviewed children, aged
6–14 years old, had significantly more favorable perceptions and stronger preferences for
green and blue in the forest park. In terms of landscape color combinations, more than
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half of the respondents expressed a preference for water and wood landscapes with a
combination of blue and green colors, while less than half of the children chose planted
landscapes with richer and brighter colors. This is mainly because the color perception
of children aged 6–14 years old is gradually becoming similar to adults’, and the high
purity of colors is likely to cause visual fatigue, so they begin to pay attention to and prefer
less pure colors [28]. Therefore, in the color arrangement of children’s activity areas, it is
recommended to focus on the perceptions and preferences of children of different ages
for colors, and to reasonably match colors of different purity to reduce the visual fatigue
of children in environments with high-purity colors for a long time. Moreover, the color
characteristics of the forest park should be appropriately integrated to make the color
of the activity area more harmonious with the surrounding landscape, which can also
effectively reduce children’s cognitive dissonance with landscape colors in urban forest
parks. In terms of vegetation, the interviewed children had the highest preference for lawn
vegetation, followed by floral plants, and a lower preference for forest trees (evergreen trees,
deciduous trees and shrubs). The main reason is that forest vegetation is less ornamental
and less palpable, and most of the trees are tall, such that children are affected by their
height and easily feel alienated from these large-scale landscapes. Consequently, when
designing children’s activity areas, it is recommended that designers focus on the scale
of the landscape, so that the spatial distances and the size of objects in the activity areas
are closer to the perceptual habits and standards of children, which is in line with “the
accessibility and safety principles” of Ding et al. (2019), suggesting that children’s line of
sight and height should be specially considered when designing the equipment of urban
residential areas [53].

4.3.3. Auditory Design

Hearing is a perceptual pathway second only to vision, and a good auditory en-
vironment can make children happy and relaxed and has certain physiological health
functions [28]. In this study, it was found that the interviewed children had some positive
emotions toward natural sounds, animal sounds, and beautiful background music, while
they had negative emotions toward traffic and mechanical noises, and the sounds of other
people’s activities. Accordingly, it is suggested that the auditory design of children’s activ-
ity areas focuses on creating a natural sound environment where natural sounds (water,
wind, etc.) and animal sounds (insects, birds, etc.) are coordinated with each other, such
as musical fountains, small zoos, etc., and supplemented with beautiful radio music or
live music performances. This approach can create a comfortable and harmonious sound
atmosphere to enrich children’s aesthetic perception of the activity area. This suggestion
echoes the established theory of positive soundscape design, and can bring people a better
experience of the sound environment through the organic superposition of various sound
elements [56]. Simultaneously, paying attention to attenuating artificial noises such as
traffic and machinery to soothe the mood also allows children in the activity area to better
immerse themselves in the natural atmosphere.

4.3.4. Tactile Design

Tactile sensation refers to direct contact, and is the most intuitive sensory activity
for children to perceive the world. However, this study found that more than half of the
respondents felt that touch was the least relevant to their sensory experience in forest parks
(Figure 5), and that there is an urgent need to improve tactile perception. For the choice
of construction materials, the interviewed children preferred natural, soft, and textured
materials such as wood, rubber, and cotton, and had poorer tactile experiences with hard
and rough materials such as steel and twine. Therefore, this study suggests that the tactile
design of urban forest parks should strengthen the materials and textures of landscapes,
as well as the facilities and equipment in activity areas. The landscape quality of natural
objects such as water flow and trees in the activity area should be improved through timely
pruning and cleaning, and using soft and smooth construction materials to build facilities.
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A tactile experience walking path is also an infrastructure worth considering, by integrating
a variety of different materials. As Ding’s (2019) research showed, children can better
understand the different shapes and textures through different ground materials and then
enrich their tactile experience and intuitive sensory feelings, finally creating psychological
resonance [53].

4.3.5. Olfactory Design

Past studies have shown that human olfactory ability decreases with age, and chil-
dren’s perception of smell is more sensitive than that of adults [28]. In this study, children’s
olfactory perception of natural landscapes such as air, natural plants and trees was relatively
good. However, a very small number of respondents reported that dust and garbage influ-
enced their perception of air quality in the park. As for artificial buildings and amusement
facilities, the perceptions varied widely among subjects, with nearly one-quarter of children
perceiving artificial buildings in the park to have a certain pungent odor. Consequently, it
is recommended to increase the odor cooperation between different natural objects in the
process of activity area olfactory design, reduce the discordant odor factors in the olfactory
environment, and also strengthen the environmental management and odor inspection
to create a fresh and natural olfactory environment. In turn, this can deepen children’s
experience and impression of spatial places and the landscape environment, and a good
olfactory environment can promote their physical and mental health [57].

4.3.6. Functional Partitioning and Activity Design

With regard to the functional partitioning and activities of children’s activity areas,
the survey data of this study showed that the interviewed children had some recognition
of areas with specific functions such as resting, playing and viewing. Among these areas,
children pay most attention to the comfortable corridor rest areas, while they are relatively
less interested in the novel artificial decorations. In terms of activities, this study also
provided the interviewed children with options for activities such as amusement facilities,
quality-development activities, and outdoor classes with reference to the contents of nature
experience and education [58]. The results show that all of the nature activity programs,
except for the nature experiments, were supported and preferred by more than half of
the children, with the largest number choosing individual or team quality-development
programs, nearly 4/5 of the total number. Accordingly, this study suggests that children’s
activity areas can also be enhanced by strengthening the construction of various functional
zones and introducing various kinds of rich nature activities to improve children’s overall
experience in the activity areas, so as to promote children’s physical and mental health
while enhancing their perception of nature and cognitive ability.

5. Conclusions

This study explored children’s behavioral experiences and landscapes preference
from a multi-sensory perspective and provided some suggestions for the construction of
children’s activity areas in urban forest parks. Focusing on children’s behavioral experi-
ences, a direct association was ascertained between visual, auditory, tactile, and olfactory
sensations and children’s behavioral experiences. In comparison, it was found that olfac-
tory sensation had the greatest influence and tactile sensation had the least on children’s
behavioral experiences. In addition, olfactory sensation was negatively correlated with
children’s behavioral experiences, calling for further explanation in future studies. Chil-
dren’s landscape preferences in urban forest parks were investigated and summarized
under a multi-sensory perspective, which further strengthened the interconnection between
multi-sensory perception and children’s landscape preferences. This study took a more
comprehensive look at children’s landscape preferences from five main perspectives: color
tones, building materials, vegetation types, landscape types and activity types. Opera-
tionally, multi-sensory perceptions and preferences should be seriously considered when
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designing children’s activity areas in urban forest parks, particularly the integration of the
above findings regarding children’s behavioral experiences and landscape preferences.

This study reveals a potential link between multi-sensory perception, children’s behav-
ioral experiences and landscape preferences in urban forest parks, which provides a new
way of thinking about how to create appropriate activity areas for children. Nevertheless,
the limitations of this study should be admitted: the taste variable is more difficult to
consider in urban forest parks; thus, the interaction and influence of children’s five senses
(visual, auditory, tactile, olfactory and taste) in forest parks cannot be completely analyzed.
Additionally, this study specifically found that olfactory sensation had a greater impact
on children’s behavioral experiences than the other three senses, and that there was a
negative correlation between tactile sensation and children’s behavioral experiences, all
of which need to be further explored and explained in detail in future studies. Children’s
multi-sensory perceptions in forest parks are an area worth exploring, and more in-depth
additional research is needed, achieved through increased research time, more case sites,
and greater sample sizes.

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

Funding: This research was funded by State Key Laboratory of Subtropical Building Science, South
China University of Technology (No. 2019ZA02); Youth fund of national natural science foundation
projects ‘Research on visual landscape evaluation method of traditional villages in Guangdong based
on deep learning’ (52208057). Ministry of Education Humanities Social Sciences Research Project
(20YJC760101); Zhejiang Provincial Natural Science Foundation of China (LQ20E080021); Guangzhou
Philosophy & Social Science Planning Project (2022GZGJ131); Research on major basic theory of
Social Science Planning in Guangdong Province (GD21ZDZGL01); Guangzhou Philosophy and Social
Science Development “14th five-year plan” project (2022GZYB33).

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: We are very thankful to the International Cooperation Open Project of State
Key Laboratory of Subtropical Building Science, South China University of Technology. We also
appreciate the valuable comments of editors and anonymous reviewers.

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

References
1. Cai, M.; Cui, C.; Lin, L.; Di, S.; Zhao, Z.; Wang, Y. Residents’ Spatial Preference for Urban Forest Park Route during Physical

Activities. Int. J. Environ. Res. Public Health 2021, 18, 11756. [CrossRef] [PubMed]
2. Nowak, D.J.; Hoehn, R.E.; Bodine, A.R.; Greenfield, E.J.; O’Neil-Dunne, J. Urban forest structure, ecosystem services and change

in Syracuse, NY. Urban Ecosyst. 2016, 19, 1455–1477. [CrossRef]
3. Feng, Z.L. Discussion on the Development of Urban Forest Parks under the Background of Ecological Civilization Construction.

Mod. Gard. 2022, 45, 114–115. (In Chinese)
4. Hall, E.T. The Hidden Dimension, 1st ed.; Doubleday: New York, NY, USA, 1966; Volume 6.
5. Sun, Y.Y.; Piao, Y.J.; Zhu, W.J. Research on five senses design of landscape. Inf. Agric. Sci. Technol. (Mod. Gard.) 2010, 12, 37–40.

(In Chinese)
6. Xi, L.; Qiu, E.F.; Zhang, Z.Y.; Zhang, C.; Cao, L.W. Research status and trend analysis of five senses landscape at home and abroad.

World For. Res. 2020, 33, 31–36. (In Chinese)
7. Hong, X.; Wang, G.; Liu, J.F.; Dang, E. Perceived Loudness Sensitivity Influenced by Brightness in Urban Forests: A Comparison

When Eyes Were Opened and Closed. Forests 2020, 11, 1242. [CrossRef]
8. Zhang, T.; Liu, J.; Li, H. Restorative effects of multi-sensory perception in urban green space: A case study of urban park in

Guangzhou, China. Int. J. Environ. Res. Public Health 2019, 16, 4943. [CrossRef]
9. Tang, Z.; Liu, B.Y. Research progress of visual landscape assessment. Landsc. Archit. 2015, 9, 113–120. (In Chinese)

http://doi.org/10.3390/ijerph182211756
http://www.ncbi.nlm.nih.gov/pubmed/34831510
http://doi.org/10.1007/s11252-013-0326-z
http://doi.org/10.3390/f11121242
http://doi.org/10.3390/ijerph16244943


Forests 2022, 13, 1435 21 of 22

10. Ma, Y.C.; Chen, Y.; Gao, Z.M. Research on Children Friendly Park Based on the connection between children and nature. Land
Green. 2021, 6, 53–55. (In Chinese)

11. Fang, X.; Gao, T.; Hedblom, M.; Xu, N.; Xiang, Y.; Hu, M.; Chen, Y.; Qiu, L. Soundscape Perceptions and Preferences for Different
Groups of Users in Urban Recreational Forest Parks. Forests 2021, 12, 468. [CrossRef]

12. Li, J.; Wang, G.; Wang, Z.; Wang, W.J.; Chen, H.; He, M. Comparative study of the physiological and psychological effects of forest
and urban auditory stimulus on humans. Int. J. Geoheritage Parks 2021, 9, 363–373. [CrossRef]

13. Shen, Y.; Jin, R.R.; Liao, Y.H.; Xie, C.; Li, M. Mechanism for Building Child-Friendly Communities Based on Multi-Party
Co-Construction: A Case Study on Community Practice in Changsha. China City Plan. Rev. 2021, 30, 43–54.

14. Deng, S.Y.; Qiu, Q.H. Analysis and development forecast of domestic tourism. Tour. Overv. 2018, 16, 21. (In Chinese)
15. Maynard, E.; Barton, S.J.; Rivett, K.S.J.; Maynard, O.; Davies, W. Because ‘grown-ups don’t always get it right’: Allyship with

children in research—From research question to authorship. Qual. Res. Psychol. 2020, 18, 518–536. [CrossRef]
16. Mediastika, C.E.; Sudarsono, A.S.; Kristanto, L.; Tanuwidjaja, G.; Sunaryo, R.G.; Damayanti, R. Appraising the sonic environment

of urban parks using the soundscape dimension of visually impaired people. Int. J. Urban Sci. 2020, 24, 216–241. [CrossRef]
17. Chen, C.; Yuan, Z.J.; Zhu, H. Playing, parenting and family leisure in parks: Exploring emotional geographies of families in

Guangzhou Children’s Park, China. Child. Geogr. 2019, 18, 463–476. [CrossRef]
18. Ding, J.; Cai, L.L. Design and Research on ecological landscape of children’s activity area in Wetland Park. Agric. Technol. 2021, 41,

135–137. (In Chinese)
19. Valentine, G. Public Space and the Culture of Childhood; Routledge: Oxford, UK, 2004.
20. Bourke, J. Children’s experiences of their everyday walks through a complex urban landscape of belonging. Child. Geogr. 2017, 15,

93–106. [CrossRef]
21. Louv, R. Last Child in the Woods: Saving Our Children from Nature-Deficit Disorder; Education Review; Algonquin Books: Chapel

Hill, NC, USA, 2008.
22. Liu, L.; Shi, N.; He, Y.L.; Yang, H.; Pan, Y.J.; Yu, W.K.; Shen, Y.; Yu, Y.F.; Yang, Y.F.; Wei, L.H. Construction practice of Children

Friendly City. Urban Plan. 2022, 46, 44–52. (In Chinese)
23. Marquet, O.; Hipp, J.A.; Alberico, C.O.; Huang, J.-H.; Mazak, E.; Fry, D.; Lovasi, G.S.; Floyd, M.F. How Does Park Use and

Physical Activity Differ between Childhood and Adolescence? A Focus on Gender and Race-Ethnicity. J. Urban Health 2019, 96,
692–702. [CrossRef]

24. Marquet, O.; Aaron Hipp, J.; Alberico, C.O.; Huang, J.H.; Fry, D.; Mazak, E.; Lovasi, G.S.; Floyd, M.F. Park use preferences and
physical activity among ethnic minority children in low-income neighborhoods in New York City. Urban For. Urban Green. 2019,
38, 346–353. [CrossRef]

25. Maxwell, L.E. Review of The Science of Play: How to Build Playgrounds That Enhance Children’s Development, by Susan G.
Solomon. Child. Youth Environ. 2015, 25, 301–303. [CrossRef]

26. Cumbo, B.J.; Leong, T.W. Wearable audio-video recorders as a tool for investigating child play experiences in nature. In
Proceedings of the Annual Meeting of the Australian Special Interest Group for Computer Human Interaction, Association for
Computing Machinery, Parkville, VIC, Australia, 7–10 December 2015; pp. 618–622.

27. Moretti, E. The Best Weapon for Peace: Maria Montessori, Education, and Children’s Rights; University of Wisconsin Press: Madison,
WI, USA, 2021.

28. Dong, Z.G.; Zhang, X.Y. Analysis of urban children’s activity space design based on five senses. Archit. Cult. 2021, 7, 152–153.
(In Chinese)

29. Hao, L.; Lin, T.; He, K.; Sui, M.F.; Zhang, L.Y.; Ding, G.C. Analysis on the Experience Needs of Five Senses and the Willingness of
Potential Tourists to Experience Forest Health Trail. Taiwan Agric. Res. 2020, 1, 62–68. (In Chinese)

30. Wu, X.Y.; Liang, X.C.; Zhao, Y. An Exploratory Study on Tourists’ Tri-dimensional Experience from the Perspective of Embodiment:
The See Again Series as an Example. Tour. Hosp. Prospect. 2021, 5, 66–83. (In Chinese)

31. Fei, N.C.; Chen, B.F.; Shi, X. Monitoring of animal and plant diversity resources in Maofeng Mountain Forest Park, Guangzhou.
Ecol. Sci. 2018, 37, 191–194. (In Chinese)

32. Tang, X.; Chen, Z.R.; Yu, W.H.; Ning, Y.M.; Wu, Y.; Zou, F.S. Investigation on bird species diversity in Maofeng Mountain Forest
Park, Guangzhou. J. Guangzhou Univ. Nat. Sci. Ed. 2018, 17, 52–57. (In Chinese)

33. Kodan, H. Determination of Reading Levels of Primary School Students. Univers. J. Educ. Res. 2017, 5, 1962–1969. [CrossRef]
34. Yang, Y.J. Research on the testimony of child victims in child abuse and sexual assault cases. J. Lanzhou Inst. Educ. 2017, 33,

164–166. (In Chinese)
35. Han, G.H.; Fan, B. The Effect of Semantic Differences of Likert-type Questionaires on Scientific Measurements. Sci. Technol. Prog.

Policy 2017, 34, 1–6. (In Chinese)
36. Cui, Y.; Hou, W.J.; Li, X.M. Research on quantitative method of UX based on core experience goals. Exp. Technol. Manag. 2012, 29,

353–356. (In Chinese)
37. Mahidin, A.M.M.; Maulan, S.B. Understanding Children Preferences of Natural Environment as a Start for Environmental

Sustainability. Procedia Soc. Behav. Sci. 2012, 38, 324–333. [CrossRef]
38. Labintah, S.; Shinozaki, M. Children Drawing: Interpreting School-group Student’s Learning and Preferences in Environmental

Education Program at TanjungPiai National Park, Johor Malaysia. Procedia Soc. Behav. Sci. 2014, 116, 3765–3770. [CrossRef]

http://doi.org/10.3390/f12040468
http://doi.org/10.1016/j.ijgeop.2021.09.001
http://doi.org/10.1080/14780887.2020.1794086
http://doi.org/10.1080/12265934.2020.1713863
http://doi.org/10.1080/14733285.2019.1676879
http://doi.org/10.1080/14733285.2016.1192582
http://doi.org/10.1007/s11524-019-00388-8
http://doi.org/10.1016/j.ufug.2019.01.018
http://doi.org/10.7721/chilyoutenvi.25.2.0301
http://doi.org/10.13189/ujer.2017.051112
http://doi.org/10.1016/j.sbspro.2012.03.354
http://doi.org/10.1016/j.sbspro.2014.01.838


Forests 2022, 13, 1435 22 of 22

39. Wen, Z.L.; Hou, J.T.; Marsh, H. Structural equation model testing: Fit index and chi-square criterion. Acta Psychol. Sin. 2004, 2,
186–194. (In Chinese)

40. Tucker, L.R.; Lewis, C. Reliability coefficient for maximum likelihood factor analysis. Psychometrika 1973, 38, 1–10. [CrossRef]
41. Marsh, H.W.; Balla, J.; Hau, K.T. An evaluation of incremental fit indices: A clarification of mathematical and empirical properties.

In Advanced Structural Equation Modeling: Issues and Techniques; Psychology Press: London, UK, 1996.
42. Wen, H.; Liang, Y.S. The essence of the commonly fitted exponential test for structural equation models. J. Psychol. Sci. 2015, 38,

987–994. (In Chinese)
43. Ye, C.X.; Wang, J.J. Research on satisfaction path of mathematical modeling flipping teaching based on structural equation model.

High. Educ. Sci. 2016, 6, 76–83+51. (In Chinese)
44. Lyu, H.; Zhang, F.F. Research on the landscape application of five senses theory in children’s Nature Education Park. J. Chifeng

Univ. Nat. Sci. Ed. 2021, 37, 33–36. (In Chinese)
45. Yaswinda, Y. In Science Learning Model Based on Multisensory-Ecology in Early Childhood Education: A Conceptual

Model. In Proceedings of the 3rd International Conference on Early Childhood Education (ICECE 2016), Bandung, Indonesia,
11–12 November 2016.

46. Zhao, J.W.; Hu, Q.; Zhang, L.; Zhu, X.J. A research overview of soundscape and visual aesthetics. J. Southeast Univ. Philos. Soc. Sci.
2015, 17, 119–123.

47. Stephenson, A.M. Physical Risk-taking: Dangerous or endangered? Early Years 2003, 23, 35–43. [CrossRef]
48. Child, I.L.; Hansen, J.A.; Hornbeck, F.W. Age and sex differences in children’s color preferences. Child Dev. 1968, 39, 237–247.

[CrossRef] [PubMed]
49. Heezik, Y.; Freeman, C.; Falloon, A.; Buttery, Y.; Heyzer, A. Relationships between childhood experience of nature and green/blue

space use, landscape preferences, connection with nature and pro-environmental behavior. Landsc. Urban Plan. 2021, 213, 104135.
[CrossRef]

50. Friso, V.R.; da Silva, J.C.R.P.; Landim, P.d.C.; Paschoarelli, L.C. Ergonomic Analysis of Visual and Tactile Information of Materials
Used in the Manufacture of Toys. Procedia Manuf. 2015, 3, 6161–6168. [CrossRef]

51. Talal, M.L.; Santelmann, M.V. Visitor access, use, and desired improvements in urban parks. Urban For. Urban Green. 2021,
63, 127216. [CrossRef]

52. Loukaitou-Sideris, A.; Sideris, A. What Brings Children to the Park? Analysis and Measurement of the Variables Affecting
Children’s Use of Parks. J. Am. Plan. Assoc. 2010, 76, 89–107. [CrossRef]

53. Ding, Y.; Lei, L.; Du, J.; He, Q.; Ming, X.; Feng, Y.; Yu, X. Analysis on the Space Design of Children’s Outdoor Activities in Urban
Residential Areas in China. In Proceedings of the 4th International Conference on Contemporary Education, Social Sciences and
Humanities (ICCESSH 2019), Moscow, Russia, 17–19 May 2019.

54. Cosentino, G. Exploring Multi-Sensory Interaction to Enhance Children’ Learning Experience. In Interaction Design and Children;
Association for Computing Machinery: New York, NY, USA, 2021; pp. 644–647.

55. Shan, J.; Mei, H. A Theoretical and Practical Review on Multi-Sensory Interactive Space Design for Autistic Children. In Proceed-
ings of the 2020 the 4th International Conference on E-Education, E-Business and E-Technology, Shanghai, China, 5–7 June 2020;
pp. 61–65.

56. Weng, M. Aural landscape design. Chin. Landsc. Archit. 2007, 12, 46–51. (In Chinese)
57. Dong, Y.P.; Zhang, W. Children’s health garden sensory experience design. Xiandai Hortic. 2016, 4, 110–112. (In Chinese)
58. Lieflander, A.K.; Frohlich, G.; Bogner, F.X.; Schultz, P.W. Promoting connectedness with nature through environmental education.

Environ. Educ. Res. 2013, 19, 370–384. [CrossRef]

http://doi.org/10.1007/BF02291170
http://doi.org/10.1080/0957514032000045573
http://doi.org/10.2307/1127374
http://www.ncbi.nlm.nih.gov/pubmed/5645799
http://doi.org/10.1016/j.landurbplan.2021.104135
http://doi.org/10.1016/j.promfg.2015.07.908
http://doi.org/10.1016/j.ufug.2021.127216
http://doi.org/10.1080/01944360903418338
http://doi.org/10.1080/13504622.2012.697545

	Introduction 
	Methods 
	Case Selection and Data Collection 
	Questionnaire Design 
	Multi-Sensory Perception and Behavioral Experience Dimensions 
	Landscape Preferences and Design Dimensions for Children’s Activity Areas 
	Individual Relevance Dimension 

	Technology Roadmap 
	Reliability and Validity Analysis of Respondents Sample 
	Path Analysis of Respondents Sample 

	Results 
	Descriptive Analysis 
	Path Analysis of Multi-Sensory Perception 

	Discussion 
	General Behavioral Experience Findings of Children in Urban Forest Parks 
	The Sensory Perception with the Highest Level of Children’s Self-Attention Was Visual and with the Lowest Level of Attention Was Tactile 
	Visual, Auditory, Tactile and Olfactory Sensations Were Significantly Correlated with Children’s Behavioral Experiences 
	Olfactory Sensation Has the Greatest Influence on Children’s Behavioral Experiences, Followed by Visual and Auditory Sensations, and Tactile Sensation Has the Least Influence on Behavioral Experiences 
	Olfactory Sensation Was Negatively Correlated with Children’s Behavioral Experience 

	General Landscape Preferences for Children in Urban Forest Parks 
	Children Prefer Blue and Green Tones in Urban Forest Parks 
	Children Prefer Soft and Original Ecological Building Materials in Urban Forest Parks 
	There Is Little Difference between Children’s Perceived Preferences for Vegetation and Landscape Types in Urban Forest Parks 
	Children Prefer Quality-Development Programs That Are Somewhat Hands-On and Challenging in Urban Forest Parks 

	Design Recommendations of Children’s Activity Areas in Urban Forest Parks 
	Overall Design 
	Visual Design 
	Auditory Design 
	Tactile Design 
	Olfactory Design 
	Functional Partitioning and Activity Design 


	Conclusions 
	References

