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Abstract 

Small Urban Parks (SUP) are vital parts of cities that can enhance the quality of the public environment. Visual 

Preferences (VP) in SUPs, which consist of diverse stimuli, are affected by multisensory perception, including the 

combination of auditory, olfactory, and tactile stimuli. However, the relationship between sensory stimuli 

integration (sound, smell, touch) and people’s VP has been neglected during the design process, which can 
influence the assessment of an environmental aesthetic and preferences. The main objective of the present study is 

to evaluate how multisensory can affect the VP of visitors through textual and photo questionnaires. Structural 

Equations Model and Regression were studied on 394 participants, chosen from 16 SUPs located in different parts 
of Tabriz, Iran. Results identified the “Human and Natural sounds, Human-Body and Natural smells” as 

influential factors on visitors’ VP; however, touch stimuli had no significant impact. In this regard, paying 

attention to the visitors’ experience of Natural Sound-Smell Stimuli and the Human-body Sound-Smell Stimuli are 

essential in designing SUPs. The outcomes of the current research provide a guideline for city planners and 
landscape designers regarding the relationship between senses and their practical implications in SUPs in order 

to promote people’s VP and visitation. 

Keywords: Multisensory perception, Stimuli integration, Small urban park, Visual preference. 

1. INTRODUCTION 1 

Connection with nature is considered one of the 

fundamental needs of humans, and its’ merits are 
being investigated by many scholars (Hergül and 

Göker, 2021, Salazar et al., 2021). Improving mental 

well-being and physical health (Houlden et al., 2018), 
enhancing social life (Goldy & Piff, 2020), and 

affecting people’s visual preferences (Mousavi & and 

Shahhosseini, 2021) and experiences (Chawla, 2020) 
are among the various benefits of human-nature 

connectedness. Due to the urban area’s densification, 

building small green spaces such as SUP has interested 

policymakers (Kerishnan et al., 2020; Wang et al., 
2021; Saeedi & Dabbagh, 2021). When compared to 

most urban parks, SUPs are smaller in size, bounded 
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by buildings and are usually built in vacant lots and 

other abounded spaces (Kerishnan & Maruthaveeran, 
2021). These urban open spaces are usually located in 

the center of development which can be easily 

accessed, therefore, are considered an essential part of 

the urban infrastructure (Chapman, 1999). 
Urban open spaces can be improved by taking the 

quality of the SUPs into account (Lam et al., 2005; Liu 

et al., 2016). Since a successful design is considered 
to be a crucial element in a park's success (Submitter 

et al., 2020, Kerishnan & Maruthaveeran, 2021), 

judging the aesthetic of a landscape should not be only 
through visual features; instead, the Auditory, 

Olfactory, and Tactile (A.O.T) factors must be 

considered as well (Thompson, 2018; Kühne, 2019; 

Zhao et al., 2013). A proper design not only relies on 
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the physical attributes of the environment (Mousavi 

Samimi & Sadraei Tabatabaei, 2022) but also on the 

users’ perception, which relates to other senses (Abedi 
et al., 2011). However, the majority of research has 

looked at each sense (vision, auditory, tactile, and 

olfaction) separately, as if each sensory were 
completely distinct from the others; nevertheless, each 

of the human senses collects correlated information 

regarding the environment, which is integrated into 
the brain to deliver multisensory integration (Driver & 

Spence, 2000). 

People experience their surroundings by 

perceiving several stimuli that result in recognizing a 
specific environment (Chen et al., 2009). The cutting-

edge neurophysiological work of Stein and Meredith 

is largely responsible for the current growth in 
research on the subject of multisensory perception 

(Spence, 2012). Various studies have argued the way 

people merge cues for neural perception, emphasizing 
the effects that develop in multisensory integration 

(Körding et al., 2007). The integration of senses 

provides the necessary information for assessing 

environmental quality (Uzzell, 1989; Wang & Zhao, 
2021) and also can increase our preferences 

(Lindstrom, 2006). In order to understand the 

characteristics of an environment, the relationship 
among all sensory inputs should be established (Visell 

et al., 2009; Magalhäes et al., 2020). Perception of the 

environment is not limited to the visual aspects but is 

a multisensory experience; visual and A.O.T stimuli 
of the environment are elaborately interrelated 

(Ulrich, 1993). In general, the sensory experience can 

influence aesthetic experiences and preferences in any 
particular context (Cats-Baril & Gibson, 1987). 

Mystery, coherence, refuge, and complexity are 

recognized as the most preferred visual elements of 
SUP environments (Shahhosseini, 2014), which is 

grounded on the most reliable theory concerning VP; 

the information-processing theory of Kaplan and 

Kaplan (Kaplan & Kaplan, 1989). Despite this, a 
current lack of knowledge regarding the effects of 

other sensory stimuli on VPs is striking (Velarde et al., 

2007). Four categories of auditory stimuli are 
distinguished based on the types of sounds and the 

contexts in which they occur (Natural, Mechanical, 

Instrumental and Human sounds) (Yu & Kang, 2010). 
The categorization of Natural, Man-made, and 

Human-body related smells could be extracted from 

previous research regarding olfactory stimuli’s impact 

on people (Rikowski & Grammer, 1999; Chen et al., 
2009). Finally, two kinds of touch factors which are 

related to Natural and Man-made touches have an 

impact on people’s feelings (Chen et al., 2009; Kelsch, 

2006). Since each of the visual and A.O.T stimuli has 

different types, all of them should be considered in 
detail; therefore, the variables of the current study are 

categorized and shown in Table 1 in order to assess 

their correlation. 
Due to the influence of A.O.T on perceptions and 

preferences (van der Putten et al., 2011; Yun, 2006; 

Staal et al., 2003), multisensory integration should be 
taken into consideration in environmental design. In 

order to improve visitors’ preferences and increase 

their park visits, which will develop more appropriate 

SUPs, multisensory stimuli should be considered 
when designing and planning the landscape.  

1.2. Objectives of the Research 

The evaluation of urban parks' VP has become 

challenging due to its dependence on multisensory 

perceptions; however, there is no comprehensive 
analysis of the urban parks' multisensory preferences 

available. Therefore, the present study’s main 

objective is to investigate the relationship between 

A.O.T stimuli and VP in SUPs. 

2. METHODOLOGY OF RESEARCH 

The current research applied a geographical cluster 

sampling approach by which the small urban parks in 

Tabriz were divided into two categories, namely 

historical (old) Tabriz and greater (modern) Tabriz, 
which are almost homogeneous and shape a robust 

statistical population. The criteria for selecting SUPs 

were parks with a radius function between 200 to 600 
m2 and less than 20000 m2 area (Kelsch, 2006), 

comprising special features, such as vegetation, sitting 

area, water features, playground area, and exercise 
equipment (Marcus & Francis, 1997). Based on the 

mentioned criteria, the number of existing parks in 

Tabriz is 145 (city, 2020), and 16 parks were selected 

for the current study. According to Mitra and Lankford 
(1999), a minimum of 10% of the total elements would 

suffice for the data collection procedures (Figure 1). 
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Table 1. Classification of Variables (Source: Authors) 

Variables 
Dependent Independent 

Visual Preference Sound Smell Touch 

R
ef

er
en

ce
s 

(Lee and Kozar, 2009, 

Mumcu and Duuml, 2010, 

Ramanujam, 2006) 

(Ma et al., 2021, Deng et al., 

2020, Anderson et al., 1983, 

Benfield et al., 2010, Brown  

et al., 2011, Carles et al., 

1992, Coeterier, 1996) 

(Carles et al., 1992, 

Kelsch, 2006, Pense-

Lheritier et al., 2006, 

Todrank et al., 1995, 

Zhao et al., 2018) 

(Chen et al., 2009, 

Kelsch, 2006, Pense-

Lheritier et al., 

2006) 

S
u

b
-v

ar
ia

b
le

s 

C
o
m

p
le

x
it

y
 

(The richness in the 

environment 

characteristic and 

availability of 

different visual 

elements, which 

enhance the users’ 

interest to examine 

them more closely) 

H
u
m

an
 s

o
u
n
d
s 

• Whispering 

• Footstep 

• Conversation 

• Children screaming 

• Children playing 

• Voice of beggars 

• Park’s guard 

H
u
m

an
-b

o
d
y
 r

el
at

ed
 s

m
el

l 

• Body odor 

• Perfumes 

• Soaps or 

shampoos N
at

u
ra

l 
to

u
ch

 

• Water 

• Soil 

• Tree 

• Vegetation 

• Rock 

• Flowers 

• Animal 

• Snow 

• Fruit 

M
y

st
er

y
 (Obtaining more 

information in order to 

have depth in the 

scene) 

M
ec

h
an

ic
al

 s
o

u
n

d
 • Vehicle engine 

• Bicycle wheels 

• Motorbikes 

• Car horn 

• Construction 

• Car crash 

• Airplane 

M
an

-m
ad

e 
sm

el
l 

• Cigarette 

• Hubble bubble 

• Food 

• Plant chemical 

spray 

• Garbage & 

sewage 

• Car exhaust 

• Construction 

dust 

• Stagnant water 

M
an

-m
ad

e 
to

u
ch

 • Decorative 

elements 

• Sitting 

equipment 

• Playground 

equipment 

• Wall 

L
eg

ib
il

it
y
 

(Understanding of the 

environment based on 

some elements such as 

a landmark, which 

allows the people to 

compare and function 

effectively) In
st

ru
m

en
ta

l 
so

u
n

d
 • Musical instrument 

• Azan 

• Mobile phone 

• Music 

• Firework 

• Police or ambulance 

alarm 

N
at

u
ra

l 
sm

el
l 

• Flower 

• Grass 

• Water 

• Tree 

• Soil (dry & wet) 

• Fire’s smoke 

• Rain’s smell 

 

 

C
o
h
er

en
ce

 

(Organizing the 

pattern size, 

brightness, and the 

texture in the scene) 

N
at

u
ra

l 
so

u
n

d
 

• Birds 

• Crickets 

• Leaves 

• Animals 

• Insects 

• Water 

• Thunder 

• Wind 
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Fig 1. Selected Small Urban Parks (Source: Google maps) 

 

2.1. Research Method and Data Analysis 

The prepared questionnaire consists of a textual 

questionnaire and photographs of SUP, which were 

previously selected with the assistance of a group of 
experts (nine assistant professors in the field of 

landscape architecture with related research 

experience, using the Semantic Differential Scale 
Method (Osgood et al., 1957)). The expert group 

chose the three best photos that were representative 

(with the highest mean) of coherent, complexity, 

mystery, and legibility (Shahhosseini et al., 2015). 
Afterward, the relationship between chosen images 

and A.O.T were studied with the use of a textual 

questionnaire. 
After conducting the pre-test (N = 35) and ensuring 

the reliability of the data, the primary test was 

performed; Cronbach’s Alpha was calculated to assess 
the reliability of the questions, which except 

Coherence (one of VP’s factors), all of them were 

above 0.7, demonstrating internal consistency. 

The number of the selected SUPs’ daily visitors 
was obtained based on asking the parks’ guardians and 

direct observations. The research population was 

approximately 7525 people, and the sample size was 

calculated using Raosoft’s formula (Raosoft, 2004). In 
total, 394 people present in 16 SUPs in spring 2020 

were selected by the simple random sampling method 

and invited to participate in the research (Figure 2). 
Participants under 18 years old (Lyons, 1983) and 

with an art background (Wohlwill & Kohn, 1976), 

were excluded from the study for having different 
preferences. 

To identify the correlation between VP and A.O.T, 

the Structural Equation Modeling (SEM) (Rice et al., 

2020) and standard regression coefficient were 
conducted in AMOS 18 software (Blunch, 2012). 

SEM includes creating a model to represent how 

various parts of an observable phenomenon are 
correlated to one another and evaluates multivariate 

causal relationships. Since SEM tests the direct and 

indirect effects on pre-assumed causal relationships, it 

differs from other modeling methods (Klem, 2000). 
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Fig 2. Research design (Source: Authors) 

 

3. RESEARCH FINDINGS 

3.1. Relationship between Sound Factors and VPs 

The relation between sound stimuli and VP’s 

regression weight estimates has demonstrated that only 
Natural Sound (P value = 0.008) and Human Sound (P 

value = 0.006) have a significant correlation with VPs 

(Table 2). 

3.2. Relationship between Smell Factors and VPs 

In order to measure the relationship between VPs 

and the smell stimuli, regression weights were 
calculated for them. The results showed that while 

environmental smell had a negative correlation with 

VPs and was not considered significant, Natural smell 
(P value = 0.001) and Human-body smell (P value = 

0.000) had a significant relationship (Table 3). 

3.3. Relationship between Touch Factors and VPs 

Regression weights were conducted to analyze the 

effects of touch stimuli on VPs. An unexpected 

outcome for all of the touch factors (natural and man-
made) demonstrated that there is no significant 

correlation between SUP visitors’ sense of touch and 

VPs (Table 4). 

3.4. The Final SEM 

The A.O.T factors’ correlation with visitors’ VPs 

was evaluated by the final SEM of the research. The 
outcomes revealed that the human-body sound-smell 

stimuli (SSS) (standardized coefficient (SC) = .39 /  

P value= .013) and the Natural SSS (SC= .30 / P value= 
.012), had a significant and positive relationship with 

the visitors’ VPs. Additionally, the correlation between 

the visitors’ VPs with the Environmental Sound-Smell 

Research procedure 
(Quantitative approach) 

Radius function:  
> 200-600 m2 
< 20000 m2 

Comprising special features: 
vegetation, sitting area, 
water features, playground 
area,  

Tabriz’s SUPs: 145 

Geographical cluster sampling approach 

Selection of SUPs 

Selecting at least 10%  

(Mitra and Lankford, 1999) 

Selected SUPs: 16 

SUP visitors: 7525 people 
(Raosoft’s formula) 

Sample size: 394 people 

Identifying visual preference, auditory, olfactory, and tactile 
factors in SUPs 

Pre-test (N: 35) 
Q

u
e
st

io
n

n
ai

re
 d

es
ig

n 

Textual questionnaire and 
photographs of SUPs 

Expert group: 
9 Landscape architecture assistant 

professors 

Semantic Differential Scale 

Method 

Photos representing coherent, 
complexity, mystery and 

legibility with the highest mean 

(Shahhosseini et al., 2015) 

Literature review 

Reliable test 

Data analysis 
(AMOS 18) 

Reliability test 
(Cronbach's alpha) 
Structural Equation 
Modeling (SEM) 

Comparing results with 
previous research 

Practical implications 
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stimuli was not supported by the revised SEM  

(SC= -.05), the Instrumental Sound (SC= -.19), the 

Man-made Touch (SC= -.07) and the Natural Touch 
(SC= -.01). Also, all of the variables which did not have 

significant values, revealed a negative influence on the 

visitors’ VPs (Figure 3, Table 5). Moreover, the 

Discriminant validity among all of the independent 
variables was observed. 

 

 

 

Table 2. Regression weights Estimates or significant Estimates of relationship among Sound Factors and VPs 

(Source: Authors) 

Items- constructs Estimate1 S.E.2 C.R.3 P4 

Visual preferences <--- Mechanical sound .094 .058 1.620 .105 

Visual preferences <--- Instrumental sound .015 .076 .194 .847 

Visual preferences <--- Natural sound .269 .102 2.640 .008 

Visual preferences <--- Human sound .318 .116    2.741   .006 

Legibility <--- Visual preferences 1.000    

Complexity <--- Visual preferences .904 .158 5.736 *** 

Mystery <--- Visual preferences .832 .148 5.630 *** 

Note: 1 Estimate of regression error; 2Approximate standard error; 3Critial ratio, the critical ratio is the parameter estimate divided by an estimate 
of its standard error; 4Values of standard estimate; ***p<.05 

 

 

 

Table 3. Regression weights Estimates or significant Estimates of relationship among Smell Factors and VPs 

(Source: Authors) 

Items- constructs Estimate1 S.E.2 C.R.3 P4 

Visual preferences <--- Environmental smell -.013 .063 -.214 .831 

Visual preferences <--- Natural smell .300 .092 3.255 .001 

Visual preferences <--- Human- Body smell .217 .062 3.508 0.00 

Legibility <--- Visual preferences 1.000    

Complexity <--- Visual preferences .760 .135 5.630 *** 

Mystery <--- Visual preferences .681 .127 5.368 *** 

Note: 1 Estimate of regression error; 2Approximate standard error; 3Critial ratio, the critical ratio is the parameter estimate divided by an estimate 
of its standard error; 4Values of standard estimate; ***p<.05 

 

 

 

Table 4. Regression weights Estimates or significant Estimates of relationship among Touch Factors and VPs 

(Source: Authors) 

Items- constructs Estimate1 S.E.2 C.R.3 P4 

Visual preferences <--- Man-made Touch .019 .049 .393 .695 

Visual preferences <--- Natural Touch .037 .050 .734 .463 

Legibility <--- Visual preferences 1.000    

Complexity <--- Visual preferences .889 .163 5.468 *** 

Mystery <--- Visual preferences .741 .143 5.194 *** 

Note:1 Estimate of regression error, 2Approximate standard error, 3Critial ratio, the critical ratio is the parameter estimate divided by an estimate 
of its standard error, 4Values of standard estimate; ***p<.05 
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Table 5. Estimates of Regression Weights (The Final Structural Model) (Source: Authors) 

Items- Constructs Estimate1 S.E.2 C.R.3 P4 

Visual Preference <--- Human-Body Sound- Smell Stimuli .537 .216 2.490 .013 

Visual Preference <--- Environmental Sound-Smell Stimuli -.051 .100 -.508 .611 

Visual Preference <--- Touch Man-made -.053 .072 -.731 .465 

Visual Preference <--- Natural Touch -.009 .091 -.095 .924 

Visual Preference <--- Instrumental Sound -.184 .118 -1.558 .119 

Visual Preference <--- Natural Sound-Smell Stimuli .361 .143 2.524 .012 

Legibility  <--- Visual Preference 1.000    

Natural Smell <--- Natural Sound-Smell Stimuli .986 .139 7.087 *** 

Natural Sound <--- Natural Sound-Smell Stimuli 1.000    

Human- Body Smell <--- Human-Body Sound-Smell Stimuli 1.080 .264 4.094 *** 

Human Sound <--- Human-Body Sound-Smell Stimuli 1.000    

Environmental Smell <--- Environmental Sound- Smell Stimuli 1.000    

Mechanical Sound <--- Environmental Sound -Smell Stimuli 1.183 .227 5.201 *** 

Complexity <--- Visual Preference .805 .140 5.744 *** 

Mystery  <--- Visual Preference .153 .028 5.492 *** 

Note: 1 the Estimate of regression error, 2 Approximate standard error, 3 the Critical ratio, the critical ratio is the parameter estimate divided by 
an estimate of its standard error, 4 standard estimate values; ***p<.05 
 

 

 

Fig 3. The Final Structural Model (Source: Authors) 
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4. DISCUSSION 

Since different factors such as behavioral, 

demographical, and psychological traits have an 
impact on sound preferences in urban spaces, it is 

believed to be a complex system (Cain et al., 2013; Liu 

et al., 2019). Sound and its integration with the visual 
aspect of the environment, assist people’s 

comprehension regarding environmental quality 

(Brown et al., 2011; Jeon & Jo, 2020) and also can 

affect visitors’ experience in parks (Li et al., 2018).  
To be specific, natural and human sounds are more 

appreciated by people rather than vehicles’ noisy 

sounds, which is completely in accordance with the 
current study’s results (Southworth, 1970; Wang & 

Zhao, 2019). By raising pleasant feelings in people, 

natural sounds such as water, wind, and birds singing, 

have a positive impact on human VPs (Deng et al., 
2020; Van Hedger et al., 2019; Abdalrahman & 

Galbrun, 2020); however, mechanical sounds 

diminish users’ preferences (Clark & Stankey, 1979; 
Ma et al., 2021). By applying instructions like 

reducing speed limits, noise pollution should be 

lowered in parks (Rice et al., 2022). Additionally, 
children’s sounds while playing in a park can increase 

social interactions and social ties (Chiesura, 2004). 

Regarding olfactory stimuli, a number of studies 

have concluded a strong connection between vision 
and olfaction (Zhao et al., 2018, Seo et al., 2010, Wada 

et al., 2012), which indicate that a specific odor may 

awaken a memory of a landscape an also can cause 
comfort (Ba & Kang, 2019); therefore, the odor is 

widely used in landscape designs. The outcomes of the 

research that used people-related smells (soaps, 
shampoos, and lotions) to analyze the olfactory and 

visual relationships, demonstrated that people’s 

preferences can be influenced by different smells 

(Todrank et al., 1995). Another study revealed that 
environment smells can be identified by a large 

number of people; therefore, olfactory, especially 

natural smell, can have a remarkable impact on 
landscape preferences (Chen et al., 2009). In addition, 

it is discussed that the smell of flowers (natural smell) 

can establish a scented boundary between different 

spaces (Kelsch, 2006). 
The information regarding VPs and their 

connection with touch sense in the landscape field is 

limited. In a study regarding texture comprehension, 
it is concluded that the sense of touch can affect the 

texture’s perception, but in an insufficient way 

(Whitaker et al., 2008). The combination of tactile 
sensory and respective information from its sensation 

can affect people’s perception (Ayres & Robbins, 

2005). After touching an object, the human brain will 

encrypt the perceived information to make decisions 

for aesthetic judgment, which could be related to its 

quality or attractiveness. Since the feeling of 

cleanness can affect the habitual inclination of 
touching various objects, it is acknowledged as a 

landscape characteristic (Antrop, 2000; Lee et al., 

2008). That is to say, cleanness can influence 
decision-making and the processes of human 

evaluation (Grimm et al., 2000); therefore, the lack 

of visitors’ inclination in touching various objects in 
the SUPs could be logical. 

5. CONCLUSION 

Besides drawing the attention of researchers and 

designers to A.O.T stimuli impact on visitors’ VP, the 

practical implication of the current study is to suggest 
that by adding natural and human-body related 

olfactory and auditory stimulations, managers and 

designers can promote visitor’s VP and increase their 

visitations which will result in developing more 
successful SUPs. 

Landscape designers and park managers can 

incorporate nature-related sound and smell in SUPs by 
adding, increasing, or refining greenery (i.e., trees, 

grass, bushes) and water features (i.e., fountains, 

pools). Regarding human-body related auditory such 
as children playing sound, park guard, and 

whisperings, designers can consider playing these 

sounds in the parks’ environment with indirect and 

subtle speakers, or providing settings that naturally 
create humans verbal interactions and consequently, 

human-body sounds. Human-body related smells like 

perfume, soap, and shampoo odors which characterize 
and embody the feeling of cleanness, can also be 

included in SUPs’ design by artificial means such as 

planting trees or flowers that their scents resemble 

these odors (e.g., Wild Soapwort), and adding related 
aromas in water features and greenery. 

LIMITATIONS AND FUTURE STUDIES 

The intensity of olfactory and level of auditory 

stimuli were not considered in the current study; 
therefore, future research can evaluate the different 

intensities of smells as well as various levels of sounds 

such as low, moderate, and high, and their overall 

impact on VPs. Additionally, since this research was 
conducted only in SUPs and on people over 18 years 

old with professions rather than art and architecture, 

other types of the open urban environment and 
demographic groups can also be assessed on this matter. 
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