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Effects of cultural diversity and climatic background on outdoor 1 

thermal perception at Melbourne city, Australia.  2 

Inji Kenawya, Hisham Elkadia 3 

a School of Science, engineering and environment, University of Salford 4 

Abstract 5 

Making cities and human settlements inclusive, safe, resilient and sustainable is one of the 6 

UN Sustainable Development Goals (SDG). This goal is particularly important in global 7 

cities where public places are shared with diverse communities. Successful design of shared, 8 

sustainable, and comfortable public places is, therefore, key to an inclusive and resilient 9 

urban future. Thermal comfort levels have proven to be a pre-requisite to the success in using 10 

public places, given its significant effect on their users’ experience. However, in global 11 

multicultural cities, providing thermal comfortable public places is challenged by the 12 

diversity of their users. This paper aims to identify the effect of cultural diversity and climatic 13 

background of urban places’ users on both their thermal perceptions and comfort levels. Field 14 

measurements were conducted in parallel to structured questionnaire and observations to 15 

interlink the empirical micrometeorological data with the subjective human assessments. The 16 

field empirical measurements took place during summer and winter along with a total of 2123 17 

valid questionnaires and observations at two selected case study at Melbourne, Australia. 18 

Statistically significant variations in thermal sensation votes and thermal adaptation factors 19 

were found to be related to the users’ cultural and climatic backgrounds. These findings 20 

showed the effect of the users’ cultural and climatic background on their thermal sensation 21 

votes, and how it is crucial for these parameters to be taken into consideration while 22 

designing urban places within multicultural communities. 23 
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 24 

Keywords: Outdoor thermal comfort; Cultural diversity; Thermal comfort benchmarks; 25 

Thermal adaptation; Physiological Equivalent Temperature. 26 

1. Introduction  27 

It is believed that by 2030, 6 out of 10 people will be living in cities. The profiles of those 28 

cities’ dwellers, across many parts of the World, are increasingly multi-cultural. It is almost 29 

unanimously agreed that our cities should therefore be inclusive, safe, resilient, and 30 

sustainable.  This aim for any future development in our cities is visibly identified and 31 

explained in the UN SDG 11. In SDG11 description, inclusiveness and resilience of cities are 32 

not mutually exclusive; they are well interlinked [1]. Open spaces, the lungs of cities, are 33 

crucial not only as a place to demonstrate co-inhabiting and experiencing shared values but 34 

also for the mental and physical health of the population. This was clearly heightened during 35 

the current COVID-19 pandemic. Across the World, it is estimated that 47% of residents are 36 

within 400 meters walk to open spaces [1]. Ensuring thermal comfort among the culturally 37 

diverse users of open place would improve their experience and frequency of visits. It 38 

contributes to improving the quality of shared open places within global cities taking into 39 

consideration the multicultural nature of their residents.  While different studies focused on 40 

assessing outdoor thermal comfort in various climatic regions, and considering various 41 

aspects physical, psychological and physiological factors [2-17], very few investigated the 42 

diversity of cultural and climatic backgrounds for users within the same region [18-21]. This 43 

gap has been highlighted in recent research [22]. This  paper aims to investigate the influence 44 

of cultural and climatic backgrounds on outdoor thermal comfort within global cities. 45 

Melbourne, Australia has been repeatedly considered as one of the best liveable cities of the 46 

World. With its culturally diverse population [23]. Melbourne’s World-renowned public 47 

places  present excellent case studies for this paper. This empirical research applied both 48 
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objective field measurements and subjective human assessment as the prevailing method used 49 

in outdoor thermal comfort studies [5, 10, 11, 15, 17, 24-33]. The discussion and the 50 

conclusion of the paper focus on thermal comfort in relatively large urban public places that 51 

attract visitors with diverse background where opportunities to manipulate design for various 52 

activities exist. 53 

2. Material and methods 54 

Comprehensive outdoor thermal comfort studies are examined by considering both objective 55 

measurements and subjective assessments. In this study, micrometeorological measurements 56 

took place on-site to provide a comprehensive evaluation of the thermal conditions for the 57 

selected case studies. Human monitoring data, on the other hand, was collected through a 58 

structured questionnaire and observations to assess human thermal perception for users taking 59 

into consideration their diverse cultural and climatic backgrounds.  60 

Both subjective and objective data were simultaneously carried out at two different case 61 

studies that represent different typology and function of urban places. They were collected 62 

during summer and winter in January, February, July and August 2013 and 2014 from 9:00 63 

am to 5:00 pm. This allowed examiniation of users’ outdoor thermal perception in different 64 

functional and seasonal distributions. The following section gives an overview of the studied 65 

areas and details the data collected. 66 

2.1 Study Areas 67 

This paper examines outdoor thermal comfort perception among multicultural communities 68 

in a global city. Given the cultural diversity of its population and the vitality of its public 69 

open spaces to urban life, Melbourne provides an excellent case for this study. According to 70 

the Australian Bureau of Statistics, the net migration in 2019 contributed 60.2% to Australia's 71 
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annual population growth [34]. In the same year, just under 30% of its estimated resident 72 

population (ERP) were born overseas [35]. From the eight capital cities in Australia, Sydney 73 

and Melbourne are considered the main two global cities in the country with ERP of 74 

5,312,163 and 5,078,193 residents respectively. Melbourne has the highest growth rate of 75 

2.3%, followed by Brisbane (2.1%) and Sydney (1.7%) [36]. This rapid rise in population 76 

growth fitted well with this paper that aims to contribute to the future sustainable 77 

development of global cities. The 2016 Census also showed that 40.2%  of Greater 78 

Melbourne population were born overseas and 46.2% had both parents born overseas [23].   79 

Melbourne is located between latitude 37°49’ South and longitude 144°58’ East. According 80 

to the Köppen- Geiger climatic classification, the city is categorised as temperate climate 81 

group (cfb) characterised by its uniform precipitation distribution and warm summers.  Two 82 

case studies within Melbourne city are selected including an urban square and a university 83 

campus, presenting different functionality and usage. The Federation Square and Deakin 84 

University Burwood Campus were both selected to test the thermal sensation of culturally 85 

diverse users in different contexts, functions, and configurations. The selection of these two 86 

cases also allow testing the sensitivity of the results to different distinct population groups. 87 

Many multicultural events and festivals take place in the Federation square, reflecting the 88 

community and cultural life of Melbourne [37]. Since inaugurated in 2002, the square has 89 

received more than 100 million visits. In 2018-19, it hosted more than 2560 event days with 90 

an annual visitation of 9.7 million [38]. Burwood campus, the second case study, is the 91 

largest campus for Deakin University with 10,734 international students with different 92 

cultural backgrounds, representing 35% of the campus’ students population [39]. The 93 

activities taking place in urban squares and university campuses are classified as optional and 94 

necessary respectively [40]. Accordingly, involving both case studies also help to provide a 95 

basis for comparison and more accuracy in the generalisation of the results [41, 42]. 96 
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2.1.1 Federation Square 97 

This urban square is one of Victoria’s main and most visited meeting place. It is situated in 98 

the intersection of two main linear paths in the Central Business District (CBD) of Melbourne 99 

city (37.8178°S, 144.9687°E). The square covers an area of 3.2 hectares and can 100 

accommodate 15000 people at one time. The main irregular shaped plaza is surrounded by 101 

key buildings with various cultural and entertaining functions. The flooring is mainly paved 102 

with sandstone cobblestones, with very limited green infrastructure.  103 

 
Figure 1 Federation Square layout -  Source: [20] 

2.1.2 Deakin University, Burwood Campus 104 

Burwood campus is the largest and busiest campus of Deakin University, accommodating 105 

around 26,000 students and 1500 staff members. The campus is situated at Melbourne’s 106 

eastern suburb of Burwood (37.8479°S, 145.1143°E) and covers an area of 27 hectares. 107 

Given the vast scale of the campus, the field study focused on the main central courtyard 108 

surrounded by the library, the learning spaces, the food outlet and the student life department. 109 
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Unlike the Federation square, Burwood campus is characterised by its generous green areas 110 

and its flooring is mainly paved with concrete. 111 

 
Figure 2 Burwood Campus layout -  Source: [20] 

 112 

2.2 Micrometeorological Objective Measurements 113 

The objective measurements intended to record the different micrometeorological variables 114 

that are used in the calculation of the outdoor thermal comfort index. This study used the 115 

Physiological equivalent temperature (PET) as its unit of analysis given that it is the most 116 

commonly employed and endorsed index in outdoor thermal comfort studies [24-26, 43]. PET 117 

is defined as the air temperature in a typical indoor setting at which the heat balance of the human 118 

body is maintained by skin temperature, core temperature, and sweat rate equal to those under the 119 

conditions to be assessed [44]. This heat balance model of the human body is expressed in 120 
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Celsius and calculated using the Rayman software, v1.2. The input data required in the 121 

calculation are ambient air temperature (Ta in °C), Relative humidity (RH in %), Wind speed (V 122 

in m/s), Mean radiant temperature (Tmrt in°C), cloud cover (octas), respondents’ age and gender 123 

[45, 46].  124 

The mean radiant temperature (Tmrt) is a critical parameter in PET calculation, given its 125 

significant effect on the energy balance and thermal comfort of the human body [47, 48]. It is 126 

defined as the ‘uniform temperature of an imaginary enclosure in which the radiant heat 127 

transfer from the human body equals the radiant heat transfer in the actual non-uniform 128 

enclosure’ [49]. Different methods are used in estimating Tmrt including the integral radiation 129 

measurements, the globe thermometer and the Rayman 1.2 software. This study used the 130 

globe thermometer method -equation 1- which reported a relatively small difference in 131 

accuracy when compared to more complicated methods based on integral radiation 132 

measurements and angular factor [50].  133 

���� = ���	
��
��
��.�∗���   ���.�  ���	���� 

Ɛ��.�  �
� ��

 − 273            134 

Where: Tg is the globe temperature (°C), D is globe diameter (m) (= 0.038 m black tennis 135 

table ball covering a thermocouple wire in this study), and ε is emissivity (= 0.95 for black 136 

coloured globe). The field micrometeorological measurements comprised Ta in ◦C, V in m/s, 137 

RH in %, globe temperature (Tg in ◦C) and solar radiation (R in w/s2) [24, 31, 51, 52]. The 138 

globe temperature was used in calculating the mean radiant temperature (Tmrt) being a 139 

critical parameter in the PET calculations. The measurements were conducted in both case 140 

studies using two Mobile Architecture and Built Environment Laboratory (Mabel) thermal 141 

comfort carts. The carts were placed in sunny and shaded areas. The carts measure thermal 142 

conditions in line with the procedures and protocols given by ASHRAE 55-92R and ISO 143 

7726 standards [53]. They are designed to measure thermal conditions at four different height 144 
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LO, MID, HI and HEAD; at 0.1, 0.6, 1.1 and 1.7 meters above the floor respectively.  These 145 

heights correspond to the ankles, waist, head of a seated person, and head of a standing 146 

person. Data loggers for both carts were programmed to record all the measured data at 1- 147 

and 15-minutes intervals. All equipment have been tested and calibrated before the survey to 148 

guarantee the accuracy and reliability of the measured data. At the start of each field survey, 149 

they were also allowed 15 minutes of response time before the data recording. In addition to 150 

the carts accuracy, their mobility allowed to be distanced within a maximum of three meters 151 

from the questionnaires’ respondents as recommended by Ng and Cheng [54]. The comfort 152 

carts specifications and calibration are detailed in previous studies as summarised in Table 1 153 

[20, 51]. Supplementary climatic variables including cloud cover and water vapour pressure 154 

were also obtained from the nearby Melbourne (Olympic Park) weather station [54]. 155 

Sensor  Specifications Calibration 
Three x OMEGA 
44032 linear 
thermistor composite 
for air temperatures 

- interchangeability 0.1°C 
- time constant 1 sec 

- 6-point water bath calibration 
between 10 and 35°C 
- reference temperature from 
Cassella Assmann Aspirated 
psychrometer mercury-in-glass 
thermometer (47911) 

Three x OMEGA 
44032 linear 
thermistor composite 
for globe 
temperatures 

- interchangeability 0.1°C 
- time constant circa 10 minutes 

- 6-point water bath calibration 
between 10 and 35°C 
- reference temperature from 
Cassella Assmann Aspirated 
psychrometer mercury-in-glass 
thermometer (47911) 

Three x TSI 
omidirectional 
anemometers (model 
number 8475) 

- Time constant adjustable 0.2 to 
2 sec with default setting 0.2 sec. 
- range = 0.05-2.5 m/s 
- accuracy = 3% of reading 

- Factory calibrated at TSI’s 
wind tunnel  
- reference anemometers are 
traceable to NIST standards 
- calibration procedures 
compliant with ISO 9001 and 
ISO 10012 
- TSI calibration certificates are 
appended to the equipment 
manual. 

One HyCal 
integrated circuit 
humidity sensor (IH-
3605-B) 

- repeatability 0.5%rh at 25°C 
- total accuracy 2%rh at 25°C 
- hysteresis 0.8% of span max 
- time constant 15 sec at 25°C 

The linear calibration function 
used in the MABEL data 
loggers was derived from 
equilibration of the sensor in the 
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sealed atmosphere above three 
different saturated salt solutions 
using the HyCal portable 
calibration cells (HC-60 series, 
prepared in compliance with 
ASTM standard E104-85): 
- Lithium Chloride solution for 
11.3%rh at 25°C 
- Potassium Carbonate solution 
for 43.16%rh at 25°C 
- Sodium Chloride solution for 
75.29%rh at 25°C 

Table 1 MABEL comfort carts sensor specifications and calibration [20]. 156 

 157 

2.3 Subjective Assessment 158 

The subjective thermal comfort perception for users was assessed based on randomly 159 

distributed questionnaires and observations that were conducted in parallel to the objective 160 

micrometeorological measurements.  Various aspects were considered in the questionnaire 161 

given the variety of personal, behavioural, and psychological factors affecting thermal 162 

perception. The questionnaire was divided into three main sections. The first section was 163 

concerned with users’ personal characteristics and demographic information including their 164 

age, gender, country of origin, and duration of living in Australia. The second section 165 

involved psychological aspects involving their activities, reasons and duration of visiting the 166 

place. The users’ thermal perception votes were also examined through the ASHRAE 7-167 

points scale - Cold, cool, slightly cool, neutral, slightly warm, warm, hot - being the most 168 

commonly used scale in outdoor thermal comfort studies. The users’ expectations, 169 

preferences and acceptability were also recorded using the McIntyre scale - cooler, no 170 

change, warmer. The users’ outfits were recorded and converted to clothing levels [54]. The 171 

activities were also converted to metabolic rates of 1, 1.2, and 2 met for users’ sitting, 172 

standing and walking respectively. These calculations were adopted from the ASHRAE-173 

Standard55 [55] and ISO-7730 [56]. Observations also took place simultaneously to record 174 
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additional data including the date and time, the location of the respondents within the urban 175 

place, and the sky conditions.  176 

3. Results 177 

3.1.  Micrometeorological measurements 178 

As explained in the previous section, two MABEL comfort carts were used in recording the 179 

micrometeorological measurements. The minimum and maximum air temperature values at 180 

Federation square were 19.3°C and 28.8°C respectively during summer and 9.5°C and 17°C 181 

respectively during winter. According to the PET classification of Melbourne city, these 182 

values lies between slightly cool and slightly warm thermal sensation on the 7 points 183 

ASHRAE scale during summer and between almost cool and slightly cool during winter [51]. 184 

At Burwood campus, the air temperature values were having minimum and maximum of 185 

17.5°C and 34.6°C respectively during summer and 7.3°C and 18.4°C respectively during 186 

winter. These values cover a broader PET range when compared to their equivalents at the 187 

Federation square. They lie between slightly cool and warm during summer and between cool 188 

and slightly cool during winter. The summary of the descriptive statistics of the main 189 

measured variables during summer and winter at Federation square and Burwood campus are 190 

presented in Table 2. 191 
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Winter (n=114 Fed.Sq., 112 Burwood 
C.) 

A
ir 

te
m

p.
 (

°C
) 

W
in

d 
sp

ee
d 

(m
/s

) 

R
el

at
iv

e 
hu

m
id

ity
 (

%
) 

G
lo

ba
l 

ra
di

at
io

n 
(W

/m
2 ) 

D
iff

us
e 

ra
di

at
io

n 
(W

/m
2 ) 

A
ir 

te
m

p.
 (

°C
) 

W
in

d 
sp

ee
d 

(m
/s

) 

R
el

at
iv

e 
hu

m
id

ity
 (

%
) 

G
lo

ba
l 

ra
di

at
io

n 
(W

/m
2 ) 

D
iff

us
e 

ra
di

at
io

n 
(W

/m
2 ) 

F
ed

er
at

io
n 

sq
ua

re
 

Mean 23.6 0.44 55.4 400.9 422.2 13.6 0.9 55.3 283.7 297.7 
Std.D 2.1 0.15 10.2 257.2 281.5 1.5 0.3 6.4 139 144.4 
Min 19.3 0.15 31.6 45.8 36.9 9.9 0.4 41.4 11.4 0.13 

Max 28.8 0.77 82.9 903 951 17.1 1.5 66.2 482.5 512.7 

B u rMean 24.7 0.9 47.9 683.4 781.1 12 0.6 66.1 234.9 247.1 
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Std.D 4.4 0.4 19.3 142.4 165 2.6 0.25 12 119 136.7 
Min 18 0 8 328 337 6 0 18 17 5 
Max 35 2 85 879 985 18 1 96 434 470 

Table 2 The descriptive statistics for the main measured micrometeorological variables at Federation square and Burwood 192 
campus. 193 

  194 

3.2. Respondents’ profile 195 

Minimum reliable sample sizes for this study were calculated to be 118 and 139 respondents 196 

following work by Cochran [57] and Green [58] respectively. In this study, a total of 1021 197 

and 1102 valid questionnaires were collected at Federation square and Burwood campus 198 

respectively. The pattern of usage and attendance at Federation square during summer and 199 

winter differed between the weekdays and weekends. During winter, the attendance was 200 

almost similar, however, during summer at the weekends' attendance was almost double the 201 

weekdays. This distinguished difference indicates that summer weather is encouraging the 202 

users to visit the square and practice different optional activities during their weekends. The 203 

distribution of the sample in relation to the places and seasons is detailed in Table 3.  204 

Category Summer Winter Total 
n % N % n % 

Federation Square 523 24.6% 498 23.5% 1021 48.1% 
Burwood Campus 623 29.3% 479 22.6% 1102 51.9% 
Total 1146 53.9% 977 46.1% 2123 100% 
Table 3 Distribution of sample in relation to places and seasons 205 

Given the aim of the paper, it has been crucial to identifying the respondents’ distribution 206 

based on their cultural and climatic background. The paper uses the Australian government 207 

cultural classification of immigrants [59]. The ten categories are Oceania and Antarctica, 208 

North-West Europe, Southern and Eastern Europe, North Africa and The Middle East, South-209 

East Asia, North-East Asia, Southern and Central Asia, Americas, and Sub-Saharan Africa. 210 

According to the questionnaire’s responses, a percentage of 50.7% were native Australian 211 

from the different states. The respondents from other cultural backgrounds represented 49.3% 212 

of the total sample. The most dominant cultural groups were from North-West Europe and 213 
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North-East Asia. They represented 12.2% and 11.5% of the total respondents respectively. 214 

The Sub-Saharan Africa group had the least attendance rate in the sample with a percentage 215 

of 1.4%. The distribution of respondents in both case studies based on their cultural 216 

background during summer and winter as shown in Table 4. 217 

Cultural 
background 

for 
respondents 

Federation Square Burwood Campus Both studies 
Total 

Summer Winter Summer Winter Summer Winter 

n % n % n % N % n % n % n % 
Australia 189 36.1 241 48.4 394 63.2 252 52.6 583 50.9 493 50.5 1076 50.7 

North-West 
Europe 

165 31.5 62 12.4 14 2.2 19 4 179 15.6 81 8.3 260 12.2 

Southern & 
Eastern 
Europe 

26 5 2 0.4 10 1.6 6 1.3 36 3.1 8 0.8 44 2.1 

North Africa 
& Middle 

East 
17 3.3 13 2.6 17 2.7 25 5.2 34 3.0 38 3.9 72 3.4 

South-East 
Asia 

28 5.4 32 6.4 42 6.7 50 10.4 70 6.1 82 8.4 152 7.2 

North-East 
Asia 

26 5 64 12.9 85 13.6 69 14.4 111 9.7 133 13.6 244 11.5 

Southern & 
Central Asia 

26 5 31 6.2 32 5.1 35 7.3 58 5.1 66 6.8 124 5.8 

Americas 26 5 28 5.6 9 1.4 10 2.1 35 3.1 38 3.9 73 3.4 
Sub-Saharan 

Africa 
3 0.6 10 2 9 1.4 8 1.7 12 1.0 18 1.8 30 1.4 

Oceania & 
Antarctica 

17 3.3 15 3 11 1.8 5 1 28 2.4 20 2.0 48 2.3 

Total 523 100 498 100 623 100 479 100 1146 100 977 100 2123 100 
Table 4 Distribution of sample in relation to the users’ cultural backgrounds during summer and winter 218 

The effect of climatic background on outdoor thermal sensation is also considered in this 219 

study. The respondents were categorised based on their backgrounds according to the main 220 

Köppen-Geiger climate classification [60]. The interstate respondents from other states 221 

within Australia were considered in the analysis as users with Australian cultural origins, yet 222 

different climatic backgrounds than those from Melbourne’s temperate climate. As per Table 223 

5, many of the respondents were coming from a temperate climatic background.  224 

Climatic 
background 
for 
respondents 

Federation Square Burwood Campus Both case studies Total  
Summer Winter Summer Winter Summer Winter  

n %  n %  n %  n %  n %  n %  n %  
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Tropical 55 10.5 69 13.9 68 10.9 83 17.3 123 10.7 152 15.6 275 13.0 
Dry 34 6.5 42 8.4 24 3.9 25 5.2 58 5.1 67 6.9 125 5.9 
Temperate 386 73.8 332 66.7 452 72.6 297 62 838 73.1 629 64.4 1467 69.1 
Cold 48 9.2 55 11 79 12.7 74 15.4 127 11.1 129 13.2 256 12.1 
Total 523 100 498 100 623 100 479 100 1146 100 977 100 2123 100 
Table 5 Distribution of sample in relation to the users’ climatic backgrounds during summer and winter 225 

Other parameters including age and gender were also reported. However, given the main aim 226 

of this paper, they were only considered in the calculation of the PET.   227 

 228 

3.3. The effect of cultural and climatic backgrounds on outdoor thermal comfort 229 

benchmarks 230 

3.3.1. Thermal sensation votes and cultural/climatic backgrounds 231 

Overall, the thermal sensation votes (TSV) of the respondents derived from their response to 232 

the ASHRAE 7-points scale.  Their votes for the neutral (TSV=0), cold (TSV˂0), and warm 233 

(TSV˃0) directions represented 14.7%, 53% and 32.2% respectively of the overall sample. 234 

When considering the cultural backgrounds of the respondents, a clear distinction could be 235 

noticed. As shown in Figure 3, the users who were originally from Sub-Saharan Africa, South 236 

East Asia, North Africa and Middle East, Southern Central Asia and North-East Asia, voted 237 

towards the cold direction of the scale. However, those originally from North-West Europe 238 

and South-East Europe voted towards the hot direction of the scale. Those from Australia and 239 

Oceania showed quite balanced similar TSV as the users’ neutrality feeling in the middle of 240 

the scale. The results were also consistent during summer and winter showing that the 241 

respondents from NW Europe had less tolerance to heat stress during summer. On the 242 

contrary, the respondents from South East Asia showed the least tolerance to cold weather 243 

conditions. 244 
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Figure 3 Distribution of TSV according to the respondents’ cultural backgrounds 

 245 

 
Figure 4 Distribution of TSV according to culture origin during (a) summer and (b) winter  

To further investigate the influence of cultural backgrounds on users’ thermal sensation, a 246 

Kruskal-Wallis test was employed. The test indicated a statistically significant result in TSV 247 

across the different cultural groups, X2 (9, N= 2123) = 199.604, p < 0.01. The thermal 248 

sensation is therefore influenced by the cultural origins with an effect size equal to X2/(N-1) 249 
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where X2=199.604 and N=2123 of 0.094. This value indicates that 9.4 % of the variability in 250 

TSV could be explained by the cultural backgrounds of respondents.  251 

When employing the same test for both case studies individually, similar statistical 252 

significance of Chi-square of X2 (9, N= 1021) = 182.038, p < 0.01 and X2 (9, N= 1102) = 253 

73.644, p < 0.01 with an effect size of 17.8% and 6.7% were obtained for Federation square 254 

and Burwood campus respectively.  255 

The test was also repeated for both summer and winter indicating a statistical significance of 256 

X2 (9, N= 1146) =117.423, p < 0.01 and X2 (9, N= 977) =148.782, p < 0.01 respectively. The 257 

effect size showed that the variability in TSV is accounted by different culture origins during 258 

winter more than summer with values of 15.2% and 10.3% respectively. Statistical 259 

significances were repeated when the test was employed to include different case studies 260 

during both seasons. At Federation Square, the values of Chi-square tests were X2 (9, N= 261 

523) = 84.036, p < 0.01 and X2 (9, N= 498) = 88.479, p < 0.01 with calculated effect size of 262 

16.1% and 17.8% for summer and winter respectively. The corresponding value of Chi-263 

square tests at Burwood campus are X2 (9, N= 623) =49.404, p < 0.01 and X2 (9, N= 479) 264 

=59.463, p < 0.01 with an effect size of 7.9% and 12.4% during summer and winter 265 

respectively. The means for thermal sensation votes (MTSV) for the respondents having 266 

different cultural background during summer and winter were calculated as shown in Table 6.  267 

Race groups  

Summer Winter 

Mean N Std. 
Deviation Mean N 

Std. 
Deviatio

n 
Australia .6604 583 1.39 -1.7972 493 1.15 
North-West Europe .8436 179 1.21 -1.1481 81 1.3 
Southern & Eastern Europe .6944 36 1.21 -1.2500 8 1.83 
North Africa & Middle East -.0294 34 1.51 -2.0000 38 1.139 
South-East Asia -.3857 70 1.70 -1.8537 82 1.29 
North-East Asia .3514 111 1.23 -1.8195 133 1.06 
Southern & Central Asia -.2241 58 1.26 -2.1061 66 1.22 
Americas .5714 35 1.2 -1.2895 38 1.37 
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Sub-Saharan Africa -.2500 12 1.29 -2.2778 18 1.02 
Oceania & Antarctica 1.0357 28 1.14 -1.8000 20 1.01 
Total .5279 1146 1.39 -1.7646 977 1.20 

Table 6 MTSV for respondents having different cultural background during summer and winter  268 

Being also concerned with the respondents’ climatic background, another Kruskal-Wallis test 269 

was employed to identify its effect on their TSV. The test also indicated a statistically 270 

significant result in TSV across the different climatic groups, X2 (9, N= 2122) =103.663, p < 271 

0.01. Similar significant differences were repeated for each case study, with Chi-square of X2 272 

(3, N= 1020) =18.422, p < 0.01 and X2 (3, N= 1102) =41.644, p < 0.01 for Federation square 273 

and Burwood campus respectively. The calculated effect sizes are 4.9%, 1.8% and 3.8% for 274 

the overall sample, Federation square and Burwood campus. The MTSV for the respondents 275 

having different climatic backgrounds during summer and winter are shown in Table 7.  276 

Climatic 
 classification 

Summer Winter 

Mean N 
Std. 

Deviation 
Mean N 

Std. 
Deviation 

O
ve

ra
ll 

S
am

pl
e 

Tropical -.2764 123 .96 -1.8553 152 .7 
Dry .1276 58 1.11 -1.9612 67 .54 

Temperate .6742 838 .87 -1.7437 628 .38 
Cold .4798 127 .87 -1.6041 129 .61 
Total .5230 1146 .94 -1.7575 976 .5 

F
ed

er
at

io
n 

S
qu

ar
e 

Tropical -.0909 55 1.25126 -1.4928 69 1.42068 
Dry .1176 34 1.32035 -1.9286 42 .92110 

Temperate .6865 386 1.17227 -1.6193 331 1.09826 
Cold .6458 48 1.22890 -1.5455 55 1.06837 
Total .5641 523 1.22130 -1.6197 497 1.13337 

B
ur

w
oo

d 
C

am
pu

s 

Tropical -.4265 68 1.61445 -2.1566 83 1.14212 
Dry .0833 24 1.47196 -1.9600 25 1.30639 

Temperate .6704 452 1.49492 -1.8923 297 1.25546 
Cold .4304 79 1.28785 -1.7027 74 1.27923 
Total .4976 623 1.52036 -1.9123 479 1.24618 

Table 7 The mean TSV for different climatic background during summer and winter 277 

To further distinguish the relationship between the effect of the respondents’ climatic 278 

backgrounds, and the MTSV for the different cultural groups, a cross tab is employed.  As 279 

shown in Table 8, the respondents who are originally from Australia, Oceania, NW Europe 280 

and SE Europe, are principally from the temperate climatic region. This could explicate their 281 

low tolerance to heat stress and vice versa for cold conditions. The respondents who were 282 
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originally from SE Asia and SC Asia belong to tropical regions which explains their high 283 

tolerance to heat stress and vice versa for cold conditions. At Burwood campus, most of the 284 

respondents originally from the Americas and NE Asia were from cold regions, which 285 

explains their high tolerance to cold conditions, especially during winter.  286 

Culture Origins 
Köppen-Geiger Climatic Classification 

Tropical Dry Temperate Cold 
Australia 0.00% 4.65% 95.26% 0.09% 
North-West Europe 0.00% 0.00% 93.46% 6.54% 
Southern & Eastern Europe 0.00% 0.00% 79.55% 20.45% 
North Africa & Middle East 0.00% 55.56% 44.44% 0.00% 
South-East Asia 100.00% 0.00% 0.00% 0.00% 
North-East Asia 0.00% 0.00% 23.05% 76.95% 
Southern & Central Asia 69.35% 16.94% 13.71% 0.00% 
Americas 31.51% 10.96% 0.00% 57.53% 
Sub-Saharan Africa 26.67% 20.00% 53.33% 0.00% 
Oceania & Antarctica 12.50% 0.00% 87.50% 0.00% 

Table 8 Cross tab between different culture and climatic groups  287 

 288 

 Federation Square  Burwood Campus 
 

Culture 

T
ro

pi
ca

l 

D
ry

 

T
em

pe
ra

t
e 

C
ol

d 

T
ro

pi
ca

l 

D
ry

 

T
em

pe
ra

t
e 

C
ol

d 

Australia 
0% 11.2

% 

88.8% 0% 0% .3% 99.5

% 

.2% 

North-West 
Europe 

0% 0.% 94.3% 5.7% 0% 0% 87.9

% 

12.1

% 
Southern & 

Eastern Europe 
0% 0% 82.1% 17.9% 0% 0% 75% 25% 

North Africa & 
Middle East 

0% 40% 60.0% 0% 0% 66.7% 33.3

% 

0% 

South-East Asia 
100

% 

0% 0% 0% 100% 0% 0% 0% 

North-East Asia 
0% 0% 34.8% 65.2% 0% 0% 16.2

% 

83.8

% 

Southern & 
Central Asia 

61.4

% 

14% 24.6% 0% 76.1% 19.4% 4.5

% 

0% 

Americas 
38.9

% 

11.1

% 

0% 50% 10.5% 10.5% 0% 78.9

% 

Sub-Saharan 
Africa 

30.8

% 

15.4

% 

53.8% 0% 23.5% 23.5% 52.9

% 

0% 

Oceania & 12.5 0% 87.5% 0% 12.5% 0% 87.5 0% 
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Antarctica % % 
Table 9 Cross tab between different culture and climatic groups in Federation Square and Burwood Campus 289 

The numbers of years spent in the current regions within Australia were also investigated. 290 

Five categories were identified including less than 6 months, from 6 months to 1 year, more 291 

than 1 year to 5 years, more than 5 years to 20 years and more than 20 years. A Kruskal-292 

Wallis test was employed to assess the relationship between the numbers of years spent in 293 

Australia and TSV.  Statistically significant Chi-square results of X2 (4, N = 2123) = 50.047, 294 

p < 0.01, X2 (4, N = 1021) = 63.433, p < 0.01 and X2 (4, N = 1102) = 45.65, p < 0.01 were 295 

obtained for the overall sample, Federation square and Burwood campus respectively.  296 

3.3.2. Neutral PET and cultural diversity  297 

The neutral PET is one of the main reported outdoor thermal benchmarks, it represents the 298 

temperature at which the respondents would have a neutral thermal sensation. To calculate its 299 

value by the linear regression between MTSV and PET. The MTSV is calculated for each 300 

0.5°C PET interval. The neutral PET has been calculated in a previous study by solving the 301 

fitted equation that derived from the strong linear regression having MTSV=0. This value 302 

was found to be 20.4°C, 20°C and 24°C for the overall sample, summer and winter 303 

respectively [51].   304 

Given the aim of this study and the statistically significant effect of cultural background on 305 

outdoor thermal sensation, neutral PET values were also calculated for the respondents 306 

having different cultural origins. These values were assessed using the simple linear 307 

regression on MTSV for each culture’s respondents as a function of the measured PET as shown 308 

in Figure 5.  309 
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Figure 5 Regression model between MTSV and PET for different cultural groups  

The fitted regression lines that resulted from the relation between MTSV and PET for each 310 

cultural group are represented by the equations shown in Table 10. The neutral temperature 311 

and the neutral PET range values were then calculated by solving the fitted equations having 312 

MTSV equals zero, -0.5, and 0.5 respectively. It is noted that the neutral PET range is not 313 

much reported in similar previous studies, however, it is an easy method that could be used to 314 

understand the outdoor thermal comfort ranges in cities.  315 

Culture 

Best fitted 
regression 
equation 
(MTSV=) 

R squared & 
Significance 

Neutral 
PET 

(MTSV = 
0) 

Neutral PET 
range (MTSV 

= ±0.5) 

Thermal 
Acceptability 
Range (MTSV 

= ±0.85) 

Australia 0.182PET - 3.644 
0.897, 
p<0.01 

20 °C 
17.3 
°C 

22.8 
°C 

15.4 
°C 

24.7 
°C 

NW Europe 0.164PET - 2.950 
0.846, 
p<0.01 

17.9 °C 
14.9 
°C 

21.0 
°C 

12.8 
°C 

23.2 
°C 

SE Europe 
0.158PET – 

2.927 
0.378, 
p<0.01 

18.5 °C 
15.4 
°C 

21.7 
°C 

13.1 
°C 

23.9 
°C 

N Africa & ME 
0.156PET – 

3.713 
0.599, 
p<0.01 

23.8 °C 
20.6 
°C 

27.0 
°C 

18.4 
°C 

29.3 
°C 

SE Asia 
0.137PET – 

3.336 
0.509, 
p<0.01 

24.4 °C 
20.7 
°C 

28.0 
°C 

18.1 
°C 

30.6 
°C 

NE Asia 
0.171PET – 

3.540 
0.822, 
p<0.01 

20.7 °C 
17.8 
°C 

23.6 
°C 

15.7 
°C 

25.7 
°C 

SC Asia 
0.149PET – 

3.652 
0.73, p<0.01 24.5 °C 

21.2 
°C 

27.9 
°C 

18.8 
°C 

30.2 
°C 
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Americas 
0.145 PET –

2.845 
0.502, 
p<0.01 

19.6 °C 
16.2 
°C 

23.1 
°C 

13.8 
°C 

25.5 
°C 

Sub-Saharan 
Afr. 

0.160PET-4.084 
0.703, 
p<0.01 

25.5 °C 
22.4 
°C 

28.7 
°C 

20.2 
°C 

30.8 
°C 

Oceania & Ant. 
0.198PET – 

3.705 
0.748, 
p<0.01 

18.7 °C 
16.2 
°C 

21.2 
°C 

14.4 
°C 

23 °C 

Table 10 Neutral PET, Neutral PET range, and thermal acceptability range for different cultural groups 316 

 317 

3.3.3. Thermal acceptability range and cultural diversity  318 

Thermal acceptability range (TAR) is the limit of temperature accepted by 80 or 90% of the 319 

respondents. It is calculated from the quadratic polynomial fitting the acceptability 320 

percentages in 1°C PET intervals. This benchmark for Melbourne was calculated to range 321 

between 15 to 29.9°C and between 20 and 24°C having the acceptability percentages 80% 322 

and 90% respectively [51]. In this study, TAR is calculated for the respondents taking into 323 

account their cultural background. Acceptability level of 88%  has been also reported to 324 

minimise the data range and account for a greater variation of outdoor thermal 325 

conditions[30]. 326 

Culture 
Best fitted regression 

equation (Acceptability 
Rate=) 

TAR (Acceptability 
Rate= 80%) 

TAR (Acceptability 
Rate= 88%) 

Australia 0.002x2 - 0.0875x + 1.069 15.2 °C 28.5 °C 19.9 °C 23.9 °C 
NW Europe 0.0022x2 - 0.0824x + 0.9416 15 °C 22.4 °C NA NA 
SE Europe 0.0036x2 - 0.1517x + 1.5546 12.8 °C 29.3 °C 14.3 °C 27.8 °C 
N Africa & ME 0.0031x2 - 0.1433x + 1.6322 14.6 °C 31.6 °C 16.3 °C 29.9 °C 
SE Asia 0.0023x2 - 0.1028x + 1.1482 13°C 31.7 °C 15.1 °C 29.6 °C 
NE Asia 0.0032x2 - 0.127x + 1.2718 12.2 °C 27.5 °C 14 °C 25.7 °C 
SC Asia 0.0024x2 - 0.1095x + 1.3515 16.4 °C 29.2 °C 20.1 °C 25.5 °C 
Americas 0.0008x2 - 0.0482x + 0.9066 25.2 °C 35.1 °C NA NA 
Sub-Saharan 
Afr. 

0.0009x2 - 0.0403x + 0.6318 
17.8 °C 27.0 °C 

NA NA 

Oceania & Ant. 0.0044x2 - 0.1686x + 1.6776 13.6 °C 24.7 °C 15.5 °C 22.8 °C 
Table 11 TAR  for different cultural groups 327 

Another less recommended way of calculating TAR, is based on the assumption that 80% of 328 

thermal acceptability corresponds to the MTSV of ±0.85 on the ASHRAE scale [28, 61]. The 329 

values obtained from substituting MTSV = ±0.85 in the linear equations are shown in Table 330 

10.  331 
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3.4. The effect of thermal adaptation factors 332 

Thermal comfort conditions in outdoor places allow for adaptive opportunities to be developed to 333 

their full extent, physically, physiologically and psychologically [62]. Accordingly, when 334 

assessing outdoor thermal comfort, it is necessary to consider the personal and adaptation 335 

parameters. The relationship between outdoor thermal comfort and adaptation factors was 336 

carefully investigated, considering the respondents’ cultural backgrounds. The investigated 337 

thermal adaptation factors involved the impact of the purpose of visit, frequency of visits, time of 338 

exposure, number of accompanying people, and years spent in Australia. 339 

3.4.1. Purpose of visit 340 

Ten different purposes of visit were reported by the respondents including participating in a 341 

social event, reading, escorting a person or dog, sitting as a consumer, selling something, 342 

watching, meeting, sitting free or lying down, buying something, and circulating or 343 

exercising. Percentages of almost 50%, 20%, 14% and 11% were sitting free, watching, 344 

circulating or exercising and meeting respectively. The rest of the users were distributed 345 

among the other activities with a percentage of almost 7.5%.  346 

A Kruskal-Wallis test showed a significant difference of TSV across the different purpose of 347 

visit of X2 (9, N= 2123) =118.107, p < 0.01. The same significance of X2 (8, N= 1021) = 348 

47.206, p < 0.01 and X2 (9, N= 1102) = 92.947, p < 0.01 were found when repeating the test 349 

to Federation square and Burwood campus respectively.  350 
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3.4.2. Frequency of visits 351 

Five answers were identified in the questionnaire to gather the frequency of visits for the 352 

users. Percentages of 54.5%, 15.1%, 13.5%, 8.5% and 8.4% were visiting both case studies 353 

weekly, yearly, monthly, for the first time and daily respectively. Given the function type of 354 

Federation square received more variability in the responses.  355 

Statistically significant differences of TSV across the different frequency of visits of X2 (4, N 356 

= 1021) = 22.712, p < 0.01 and X2 (4, N = 977) = 20.121, p < 0.01 were detected by Kruskal-357 

Wallis tests for the Federation square and overall winter responses respectively. Burwood 358 

campus and the overall summer responses indicated non-significant results of X2 (4, N = 359 

1102) = 3.839, p > 0.05, and X2 (4, N = 1146) = 3.242, p > 0.05 respectively. 360 

3.4.3. Time of exposure 361 

The time of exposure is another factor affecting TSV. The distribution of the time of 362 

exposure indicated percentages of 4.1%, 36.7%, 24.4%, 20.6% and 14.3% for staying in the 363 

place for less than 15 minutes, 15 min.- 1 hour, 1-3 hours, 3-5 hours, and more than 5 hours 364 

respectively. More variability was found at Burwood campus as almost 60% of the 365 

respondents at Federation square stayed from 15 minutes- 1 hour.  366 

The employed Kruskal-Wallis test indicated a statistically significant difference of X2 (4, N = 367 

2123) = 12.951, p < 0.05, X2 (4, N = 1021) = 11.913, p < 0.05 and X2 (4, N = 1102) = 368 

15.196, p < 0.01 for the overall sample, Federation square and Burwood campus respectively. 369 

This significance indicates that the time of exposure is significantly related to the users’ 370 

thermal sensation. 371 
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3.4.4. Number accompanying people 372 

The number of users accompanying the respondents were also gathered and percentages of 31 373 

%, 37.2% and 31.8% of users were found to be visiting the places alone, with one person and 374 

with more than two persons respectively. The Chi-square test employed to understand the 375 

effect of the number of accompanying persons on the TSV, indicated a significance of X2 376 

(12, N = 2122) = 39.029, p < 0.01, X2 (12, N = 1020) = 28.356, p < 0.01 and X2 (12, N = 377 

1102) = 24.778, p < 0.05 for the overall sample, Federation square and Burwood campus 378 

respectively. The variance in TSV has then significantly proven to be accounted by the 379 

number of accompanying people, however, the Cramer V effect was found to be quite small 380 

0.096.   381 

3.5. The effect of Cultural background on thermal adaptation factors 382 

Kruskal-Wallis tests were employed to assess the relationship between the cultural origins 383 

and the thermal adaptation factors identified before. The results of the tests are shown in 384 

Table 12. 385 

Thermal adaptation 
factor 

Overall sample Federation square Burwood Campus 

Purpose of visit X2 (9, N = 2123) = 
24.709, p < 0.05 

X2 (9, N= 1021) = 
15.189, p > 0.05 

X2 (9, N= 1102) = 
13.23, p > 0.05 

Frequency of visit X2 (9, N = 2123) = 
28.858, p < 0.01 

X2 (9, N= 1021) 
=42.857, p < 0.01  

X2 (9, N= 1102) 
=14.326, p > 0.05 

Time of exposure X2 (9, N = 2123) = 
94.289, p < 0.01  

X2 (9, N = 1021) = 
21.206, p > 0.05  

X2 (9, N = 1102) = 
9.808, p > 0.05 

Number of 
accompanying 
people 

X2 (9, N = 2122) = 
24.275, p < 0.05 

X2 (9, N = 1020) = 
28.401, p < 0.01 

X2 (9, N = 1102) = 
11.989, p > 0.05 

Table 12 Kruskal-Wallis results for the relation of cultural background and thermal adaptation factors. 386 

A non-significance Chi-square was found at Burwood campus showing that the variances of 387 

the purpose of visits cannot be explained by the users’ cultural backgrounds. However, 388 

significant results were found for the overall sample.  389 
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3.6. The effect of Cultural background on other factors 390 

Clothing and metabolic rates are the two main factors affecting TSV. Accordingly, this part is 391 

assessing their effect on TSV, and whether they are influenced by the respondents’ cultural 392 

backgrounds. 393 

3.6.1. Clothing 394 

Simple regression test revealed that 29.3% of the variability in TSV are accounted for by 395 

clothing. To identify the relation between clothing and the users’ cultural backgrounds, 396 

Kruskal-Wallis tests were employed.  A significant relation was found between the cultural 397 

background and the clothing worn by the respondents of X2 (9, N= 2123) =124.812, p < 0.01. 398 

The calculated effect size indicates that 5.9% of the variance in clothing is explained by the 399 

users’ cultural background. CLO means shown in Table 13, indicate that the users originally 400 

from NW Europe and SE Europe wore lighter clothes and vice versa for those from NE Asia, 401 

SE Asia and N Africa & ME. 402 

Table 13 CLO means for the different cultural backgrounds 403 

3.6.2. Metabolic rate 404 

The relation between the metabolic rate and the TSV were also examined through a Kruskal-405 

Wallis test. A significant difference in TSV for different metabolic rates was distinguished X2 406 

Race groups  
Mean 
CLO N 

Std
.D. Race groups  

Mean 
CLO N 

Std
.D. 

Australia .6333 
107

6 
.25 North-East Asia .7522 244 .25 

North-West 
Europe 

.5676 260 .25 
Southern & 
Central Asia 

.6848 124 .25 

Southern & 
Eastern Europe 

.5418 44 .24 Americas .6742 73 .29 

North Africa & 
Middle East 

.7078 72 .22 
Sub-Saharan 
Africa 

.6187 30 .22 

South-East Asia .7383 152 .26 
Oceania & 
Antarctica 

.6035 48 .22 
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(6, N= 2122) = 111.144, p < 0.01. The test revealed that 5.2% of the variance in TSV is 407 

explained by the metabolic rates for the respondents. An employed chi-square test indicated a 408 

significant relation between cultural background and metabolic rate of X2 (27, N= 2122) 409 

=133.925, p < 0.01. However, the Cramer’s V was 0.145 which is quite a small effect size. 410 

4. Discussion 411 

The analysis for this paper is focusing on the effect of both cultural and climatic backgrounds 412 

of users on their outdoor thermal perception and comfort. A statistically significant relation 413 

was found between TSV collected in the questionnaire and cultural backgrounds of the users. 414 

The calculated effect size indicated that 9.4%, 17.8% and 6.7% of the variability in TSV 415 

could be explained by the users’ cultural backgrounds for the overall sample, Federation 416 

square and Burwood campus respectively. The lowest effect size at Burwood campus could 417 

be explained by its functional nature where necessary activities are located and accordingly, 418 

less design quality could be acceptable [40]. The higher value of calculated effect size during 419 

winter indicate that the effect of the cultural background of the respondents on their TSV is 420 

raised under cold conditions. 421 

The MTSV at Federation square during summer indicated that the respondents who were 422 

originally from Oceania and Ant., America, NW Europe and Australia were the least tolerant 423 

to the heat stress with values of .8576, 0.6520, 0.6463, and 0.5370 respectively. On the 424 

contrary, those originally from Southern & Central Asia, NE Asia were the most tolerant to 425 

the heat stress with values of .3104 and .4226. During winter, the respondents who were 426 

originally from SC Asia, SE Asia, NW Europe and Australia were most tolerant to cold 427 

conditions with similar means values of -1.56220, -1.5803, -1.5841 and -1.5896. Those from 428 

Sub-Saharan Africa, NE Asia, and SE Europe were the least tolerant to cold conditions with 429 

values of -1.8255, -1.7839 and -1.7086 respectively. At Burwood campus, the respondents 430 
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who were originally from NW Europe were found to be the least tolerant to heat stress 431 

followed by those from Oceania, Antarctica, and Australia with MTSV values of .776, .6032 432 

and .5983. during the same season, those originally from Asia were the most tolerant to heat 433 

stress. During winter, the respondents who were originally from SC Asia were the least 434 

tolerant to cold conditions (-2.1568), followed by SE Asia (-1.9985). In contract, those 435 

originally from Oceania and Antarctica were found to be the most tolerant during winter (-436 

1.4214). It is also observed from the linear regression results that the users that are originally 437 

from Oceania followed by NW Europe are the least tolerant to the heat stress. The users from 438 

Australia and SE Europe are having very close votes under hot weather; however, the users 439 

from the SE Europe group are more tolerant to the cold conditions. Conversely, the users 440 

originally from Sub-Saharan Africa, SE Asia and SC Asia are the more tolerant to the heat 441 

stress followed by the users from N Africa & ME. The investigation of the different ethnic 442 

group was also found to be significant in other studies [22, 63, 64]. 443 

When investigating the effect of climatic background on TSV, it was also found to be 444 

significant, yet having an effect size of 4.9%. It is noted that the effect size found for the 445 

climatic background is lower than its equivalent for the cultural background. This could be 446 

explained by the fact that the cultures involve climatic past experience among other factors 447 

affecting the TSV including clothing traditions, time of exposure preferences, and other 448 

related cultural customs and preferences. It is observed that the respondents from tropical 449 

climatic backgrounds were most tolerant to heat stress followed by those from the dry regions 450 

during summer. During winter, the respondents originally from cold regions were found to be 451 

the most tolerant to cold conditions, followed by those from temperate, tropical and dry 452 

regions. The results show small differences between the means at Federation square and 453 

Burwood campus during summer, where the respondents originally from tropical regions are 454 

the most tolerant to the heat stress followed by the dry, temperate and cold regions. However, 455 
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the tolerance of those from tropical climatic background to cold conditions varies between 456 

the two case studies. It is noticed that people who live in cool conditions enjoy feeling warm, 457 

while in a warm climate enjoyment corresponds to cool conditions, which is in line with other 458 

studies [65]. The number of years spent in Australia was also found to be a significant factor 459 

affecting the variance in TSV.  The variances in TSV were also found to be accountant of the 460 

variance in thermal adaptation factors including the purpose of visit, time of exposure and 461 

number of accompanying people. These results are in line with similar studies [15, 62, 66-462 

69]. The frequency of visits was also found to be statistically affecting TSV during winter but 463 

not summer. These findings were in line with other studies [28].  464 

 465 

5. Conclusion 466 

This paper examines the effect of cultural diversity and climatic background of urban places’ 467 

users on both their thermal perceptions and comfort levels. Both objective measurements and 468 

subjective assessments took place in parallel in two case studies at Melbourne during summer 469 

and winter. Total of 1021 and 1102 valid questionnaires and observations were collected at 470 

Federation square and Deakin University Burwood campus respectively. A statistically 471 

significant relation was found between the users’ collected TSV and their cultural 472 

backgrounds. The means for TSV of different cultural groups in the different seasons shown 473 

in Table 6 indicate that during summer the users from Oceania and Antarctica are the least 474 

tolerant to the heat stress. This group is followed by North-West Europe, South-East Europe, 475 

and Australia. On the other side, the users from South East Asia, Sub-Saharan Africa, and 476 

Southern &Central Asia users are the most tolerant of the heat stress. During winter Sub-477 

Saharan Africa, Southern &Central Asia and North Africa and Middle-East are the less 478 

tolerant of the cold conditions. North-West Europe, South-East Europe, and Australia and 479 

Oceania are the most tolerant of the cold conditions. Another statistically significant result 480 

Jo
urn

al 
Pre-

pro
of



Page 28 of 31 
 

was found when investigating the relationship between the climatic background and TSV. 481 

From the means, it is noticed that people who live in cool conditions enjoy feeling warm, 482 

while in a warm climate enjoyment corresponds to cool conditions. The relation between the 483 

cultural background of the users and thermal adaptation factors was also assessed. The 484 

findings indicated that these factors were all significantly affected by the users’ cultural 485 

backgrounds for the overall sample and Federation square users, yet not for those at Burwood 486 

campus. Again, this could be explained by the functional nature of the place as an educational 487 

institution.  488 

The paper shows that the successful design of a public place should consider personal and 489 

adaptation parameters of users. Urban designers should take into consideration the different 490 

thermal adaptation factors as well as the individual characteristics for the users including 491 

their cultural and climatic backgrounds to design urban places that would comfortably 492 

accommodate the varied thermal sensation of their users. In global cities, such as Melbourne, 493 

where users of public places are predominantly diverse in their cultural background, designers 494 

should carefully provide a variety of spaces that would cater to these variations. Sheltered and 495 

warm spaces, for example, could be placed next to open airy places.  The use of temporary, 496 

flexible, and mobile shading devices and canopies would be welcomed in such public places. 497 

Orientation, configuration, façades and floor materials, green infrastructure, water bodies and 498 

other place characteristics could all be designed with such conclusion in mind. 499 
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Highlights 
 

• Different cultural backgrounds significantly affect how users perceive thermal 
comfort.  

• Cultural and climatic background affect thermal adaptation factors.  
• Outdoor thermal comfort benchmarks for the different cultural backgrounds support 

urban strategies to design comfortable outdoor places. 
• Further studies required to cover missing interaction of other comfort requirements 

including acoustics and other geographic contexts. 
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