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1 Abstract 

This field quasi-experiment with 109 older in Singapore adults examined their cognitive performance 
in outdoor naturalistic environments and how it is potentially influenced by the Physiological Equivalent 
Temperature (PET) index (proxy for outdoor thermal comfort (OTC)) and individual climatic conditions 
(i.e. air temperature, relative humidity, mean radiant temperature and wind speed). Cognitive 
performance was evaluated when older adults performed physical and sedentary outdoor activities in 
residential and commercial areas at different times of the day (i.e. morning, afternoon and evening) 
using a Stroop game. Besides, we collected socio-economic and demographic characteristics and 
lifestyle data of the participants. Overall, our results show that a higher PET (could also be interpreted 
as a lower OTC) was negatively related to older adults’ cognitive performance. Wind speed improved 
cognitive performance while air temperature, relative humidity and mean radiant temperature have 
detrimental effects on their cognitive outcomes, however in dissimilar magnitude. Social isolation, the 
use of air-conditioning at home, low levels of educational attainment, poor self-rated health and the 
engagement in sedentary activities were also related to poorer cognitive performance. These findings 
suggest that older adults’ cognitive performance was poorer when OTC was lower and this effect might 
be exacerbated by lifestyle and demographic characteristics. Further investigation into the effects of 
the lower OTC on older adults’ cognitive performance in different areas of Singapore will be useful for 
the identification of potential mitigation and adaptation actions. 
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2 Introduction 
Cognition (the ability to learn, solve problems, remember, and appropriately use stored information) is 
a key to successful health and aging. Cognitive performance is critical for functional independence as 
people age, including if someone can live and work independently, manage finances, take medications 
correctly, or drive safely (Murman, 2015). 
 
Cognitive abilities tend to decline with age (Glisky, 2007; Murman, 2015) and with age there is also a 
natural concurrent reduction in thermoregulatory abilities (Holowatz and Kenney, 2010; Holowatz, et 
al., 2011). The reduction of both the cognitive performance and thermoregulation capacities suggest 
that older adults might be highly susceptible to the increasing ambient temperature outdoors. 
Singapore has experienced an increase in air temperature and humidity over the past three decades 
(Meteorological Service Singapore (MSS), 2020), and so it seems important to examine the effect of 
outdoor thermal comfort (OTC) on older adults’ cognitive performance in Singapore. 

 
Heng and Chow (2019) calibrated the outdoor thermal comfort thresholds of Physiological Equivalent 
Temperature (PET) for Singapore’s outdoor spaces, wherein thermal neutrality was achieved at 27.2°C 
for acclimatised respondents while PET above 31.1°C was considered thermally stressful. The PET 
index was used as a proxy for OTC by capturing how changes in the thermal environment can affect 
an individual’s outdoor thermal comfort (Deb and Ramachandraiah, 2010; Heng and Chow, 2019). 
Using the PET index presents several advantages: 1) combines outdoor climatic conditions (wind, Tmrt, 
air temperature and humidity) and thermo-physiological factors (activity of humans and clothing); 2) has 
a thermo-physiological background and so it gives the real effect of the sensation of climate on human 
being; 3) it is measured in °C and so can be easily related to common experience; 4) It does not rely 
on subjective measures and; 4) it is useful in both hot and colder climates (Deb and Ramachandraiah, 
2010).  
 
Published studies also evaluated the effect of some of the individual outdoor climatic conditions in older 
adults’ cognitive performance. Older adults’ cognitive performance was negatively correlated to relative 
humidity (Moyen et al., 2014; Trezza et al, 2015). Similarly, higher air temperature (Hancock et al., 
2007; Holowatz and Kenney, 2010; Holowatz et al., 2010) and prolonged exposure to mean radiant 
temperature were related to lower cognitive performance (Piil et. al, 2020). These studies were 
conducted in controlled laboratory settings and they were done in either the United States or the 
European countries. To our knowledge, no study has been conducted in natural outdoor settings and 
in a tropical country. In this sense, we sought to bridge this gap by examining the impact of naturalistic 
outdoor climatic conditions on older adults’ cognitive performance in a tropical country like Singapore.  
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2.1 Objectives 
The study aimed to:  

• Examine the effects of individual climatic conditions (which include wind speed, air 
temperature, relative humidity and mean radiant temperature (Tmrt)1 on older adults’ cognitive 
performance.  

• Establish the relationship between PET2 and older adults’ cognitive performance, and  
• Examine the cognitive performance of older adults across sociodemographic and varying 

lifestyle characteristics.  
 
To do so, we implemented an exploratory quasi-experimental design in naturalistic outdoor 
environments in different moments of the day (i.e. morning, afternoon and evening) and in two different 
neighbourhoods (i.e. residential and commercial) in Singapore.  
 

 
 
3 Method 
 
3.1 Experimental design  
 
We conducted a quasi-experiment naturalistic outdoor environments with 109 older adults from 
December 2019 to February 2020. Participants were recruited based on a convenient sample approach. 
We measured their cognitive performance by evaluating the attention span, cognitive load and 
information processing time using a Stroop game (see Section 2.2. for details of the game). This was 
done at different times of the day (i.e. morning, afternoon and evening) in two neighbourhoods (i.e. 
Punggol and CDB area). The data collection at different moments of the day allowed us to have more 
diverse climatic conditions, under which our participants performed the Stroop games. The 
neighbourhoods represented the residential and commercial parts of Singapore respectively (see 
Annex 2 for the map on both study neighbourhoods and study sites). This feature of the design allowed 
us to collect observations from participants with diverse demographic, socio-economic and lifestyle 
characteristics. It is important to note that the annual mean air temperature (data provided by MSS3) of 
both neighbourhoods between 2010 – 2019 were compared and no significant  differences was 
observed (see Annex 2 for comparison).  
 
 
 
 

 
1 Refer to section 7.2 for definitions of each climatic conditions examined  
2 Refer to section 7.2 for definitions and components of PET calculated.  
3 A ten-year mean annual air temperature reading between 2010 to 2019 was provided by the Meteorological Services of 
Singapore department. The data provided represented the mean air temperature of each typical month within a calendar year.  
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Table 1. Experimental Design 

 

 
 
Table 1 illustrates our experimental design. The 109 participants completed the Stroop game twice: 1) 
before performing a sedentary or physical outdoors activity (i.e. pre activity) and 2) after 40-60 minutes 
of performing the activity (i.e. post activity). Results from the pre-activity served as a baseline while 
results from the post-activity could partially account for the exposure to environmental conditions as an 
older adult engage in their routine activity. In both cases, the Stroop game was performed for three 
minutes. Before the pre-activity Stroop game, participants completed a questionnaire with items related 
to lifestyle, demographic and socio-economic characteristics.  
 
As the Stroop game required participants to differentiate between colours and read basic colour names, 
older adults who suffer from colour blindness (assessed using the Ishihara colour-blindness test) and/or 
those who were unable to read colour names were excluded. Additionally, older adults who were unable 
to provide their informed consent were also excluded in compliance with ethical concerns. An IRB 
approval from the ETH Zurich Ethics Commission was obtained prior to data collection.4 
 
 
 
3.2 Instruments 

 
Three instruments were deployed, which included (a) a survey questionnaire for sociodemographic and 
lifestyle data, (b) a Stroop game for cognitive performance, and (c) mobile kestrels for capturing climatic 
conditions during the data collection process.  
 

a) Survey Questionnaire: 
 
A short survey questionnaire with four sections was administered to our participants. 
Participants could choose whether to have the questionnaire administered in English or in 
Chinese. The first section collected sociodemographic information (i.e. gender, age, 
educational attainment, employment status, the average household income, dwelling type and 

 
4 IRB reference number EK 2019-N-156. 
 

 Pre-activity Post-activity 
Sedentary activities  Stroop game for 3 minutes 

(Attention span, cognitive load and 
processing speed measure) 

Stroop game for 3 minutes 
(Attention span, cognitive load and 

processing speed measure) 
Physical activities  
 

Stroop game for 3 minutes 
(Attention span, cognitive load and 

processing speed measure) 

Stroop game for 3 minutes 
(Attention span, cognitive load and 

processing speed measure) 
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living arrangements). In the second section, participants self-rated their health status on a 5-
point Likert scale, with 1 being poor and 5 being excellent. The third section measured the 
strength of social support and level of isolation using the six-item Lubben Social Network Scale 
(Cronbach alpha = 0.86; Myagmarjav et al., 2019). On a scale of 1 to 30, scores below 12 
points were classified as being socially isolated and scores of 12 and above were classified as 
socially active (reference group; Lubben et al., 2006). Lastly, the fourth section comprised 
lifestyle questions (i.e. amount of time they spent outdoors and their air-conditioning usage at 
home) and general attitudes and perceptions on Singapore’s climatic conditions and the rising 
urban heat. Participants responded on a 5-point Likert scale with 1 being “Strongly Disagree” 
and 5 being “Strongly Agree” for these scales.  

 
For potentially sensitive questions (e.g. educational attainment, employment status, the 
average household income, dwelling type or living arrangements), an option of “prefer not to 
say” was provided to participants if they chose not to answer them. This was provided for ethical 
compliance and to safeguard the rights of the participants.  
 

b) Stroop game: 
 

The Stroop game is a commonly used research tool in psychology to measure cognitive 
performance (MacLeod, 2010). In the game, an individual is required to focus on task-relevant 
stimuli properties (i.e. identifying the colours of printed words) while holding back prepotent 
responses (i.e. reading the words regardless of the colour). Hence, it explores the performance 
cost in the mismatch condition relative to the control condition (MacLeod, 2010). For this study, 
the Stroop game was programmed in-house to measure three components of cognitive 
performance experienced by older adults: processing time, attention span and interference 
effect. The game was programmed in English and in Chinese and the participants could choose 
in which language to perform the game. The game was administered using an electronic tablet 
and the maximum duration of each game session was 3 minutes (See Annex 3  for screenshots 
of the Stroop game). Participants were required to indicate their response to each question by 
selecting the answers presented at the bottom of the tablet screen within five seconds before 
the question on the screen was replaced.  
 
Two types of questions were presented. A congruent question, also known as the control 
condition, was one where the ink colour coincided with the colour name flashed on the tablet 
screen (see Annex 3, figure 6a). An incongruent question, also known as the mismatch 
condition, was when the ink colour was different from colour name (see Annex 3, figure 6b). 
Congruent questions mimic easy tasks in real life that require lesser cognitive effort while 
incongruent questions simulate difficult tasks that require more cognitive effort and longer 
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processing time (MacLeod, 2010). An equal number of eighteen congruent and eighteen 
incongruent questions were presented in each game session in randomised order. Accordingly, 
there are three possible responses: correct, wrong or missed. 
In ensuring that participants were acquainted with the interface, a trial session of 1 minute with 
twelve questions (i.e. six congruent and six incongruent) was conducted.   
 

c) Mobile kestrels: 
 

Tripod-mounted Kestrel 5400 Heat Stress Trackers, also known as kestrels, were used to 
capture the outdoor climatic conditions (i.e. air temperature, relative humidity, wind speed and 
the globe temperature) during the study (see Annex 4 for the kestrels deployed on-site during 
the data collection sessions). These kestrels were set-up and switched-on approximately 15 
minutes prior to data collection to obtain equilibrium with the surrounding environment and 
ensure measurement accuracy. The kestrels were placed approximately at 0.5 metre radius in 
front of the midpoint between two participants and positioned 1.2 metre above ground when 
participants engaged in the pre-activity Stroop game. When participants engaged in their 
routine activity, the kestrels were relocated to approximately 1.5 metre away from them to 
capture the climatic conditions of their exercise space. The measurement from the kestrel was 
also used to build the Physiological Equivalent Temperature (PET) index (see the Glossary in 
section 7 for further definition, explanation and calculation). 

 
 

3.3 Protocol 

 
Specifically, the study protocol was as follows (see Figure 1): 
1. Participants were recruited using a convenient sample approach. An information sheet5 which 

contained information on the project was handed out, where older adults were introduced to the 
purpose and goals of the project. In increasing the comprehensibility and transparency of the 
briefing process, researchers verbally explained the information to older adults on-site. They were 
also briefed on the payment breakdown, which was bifurcated into two components.  

 
(i) A 5 dollars voucher were given for completing the survey questionnaire.  
(ii) The second component depended on the performance of one out of two randomly 

selected Stroop game results that they engaged in as part of the data collection process 
(refer to table 1 in Information Sheet for the corresponding amount of gift vouchers 
received).  The mean payment varied between SGD$5 to SGD$20 according to the 
number of correct answers.This incentive compatible mechanism was introduced with 

 
5 Refer to Annex 1 for the Participant Information Sheet 
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the aim of increasing both the internal and external validity of the results from the Stroop 
game sessions6.  

 
2. If older adults understood the purpose of the study and agreed to participate, they were asked to 

give their agreement by signing on the consent form7.   
 

3. After signing the consent form, participants were first required to complete a survey questionnaire 
(in English or in Chinese accordingly to the preference of the participants) which lasted between 
10-15 minutes (see Annex 1 for the survey questionnaire).  

 
4. Following which, the rules of the Stroop game were explained to the individual participant before 

they engage in the trial session for 1 minute (See section 3.2 part (b) for Stroop game instructions; 
see Annex 3 for screenshots of Stroop game). The actual pre-activity game proceeded if the 
participant was comfortable with and raised no questions about the game after the trial session was 
completed. Researchers on-site ensured that participants maintained a minimum physical distance 
of one meter between each other before the Stroop game was administered to prevent the 
possibility of a learning effect. Participants were also allowed to withdraw from the game (and the 
study) at any point by pressing the “opt-out” button located at the top right corner of the screen. 
However, no participant did so during the study.  

 
5. Once the pre-activity Stroop game was completed, participants engaged themselves in their routine 

activity (i.e. physical or sedentary). The duration of the activities older adults engaged in lasted 
between 40-60 minutes, depending on the site and the activity they typically engage in (see Figure 
1 for a description of the activities).  
 

6. After the older adults completed their routine activity, they participated in the post-activity Stroop 
game session.  

 
7. Completing the post-activity Stroop game, each participant was requested to press the 

“Randomized!” button where the programme randomly selected either one of the two game scores 
(see Annex 3 figure 7 for screen shot). The participant was rewarded with gift vouchers 
corresponding to the number of correct responses from the randomly selected game (refer to table 
1 in Information Sheet for associated the gift voucher amount).  

 
6 Internal validity was achieved as older adults were incentivized to focus their attention on the questions and were 
motivated to provide as many correct responses as they possibly could. External validity was achieved as the 
Stroop games mimicked real-life situations, in which older adults’ attention span and the processing of information 
are employed to maximize their expected utility and make “optimal” decisions.  
7 Refer to Annex 1 for consent form. 
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Figure 1. Summary of Study Protocol 

 
 
 
 
3.4 Sample description  

 

We performed 4 data collections in Punggol and 6 sessions in CBD. 55 participants were from Punggol 
and 54 older adults were from the CBD neighbourhood. Table 2 shows the sociodemographic, and 
lifestyle characteristics of our sample. We observed that 71% of  participants from Punggol engaged 
in physical activities and 29% engaged in sedentary activities. In CBD, 57% of the participants engaged 
in physical activities and 43% took part in sedentary activities. In Punggol, 25% of the participants were 
between 55-64 years old; 53% were between 65-74 years old  and; 22% were over 74 years old. In the 
CBD Area, 19% were between 55-64 years, 44% were between 65-74 years old  and 37% were over 
74 years old. Participants recruited from Punggol were socially active while 15% of the participants 
from the CBD Area were perceived to be socially isolated (see Section 2.1.a for details). In terms of 
air-conditioning usage, 76% of Punggol participants and 50% of CBD participants reported using air-
conditioning at home. Overall, 92% of the sample accomplished at least a primary school education. 
69% of the participants were women. More than two thirds of the participants from both neighbourhoods 
were positive about their health status.  
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Table 2. Summary of sample’s demographics 

 Punggol (n=55) CBD (n=54) Whole sample 
(n=109) 

Age  
55-64 25% 19% 22% 
65-74 53% 44% 49% 
75 years and above  22% 37% 29% 
Highest educational attainment  
Primary or below  45% 56% 51% 
Secondary  45% 35% 41% 
Higher education levels   10% 9% 8% 
Gender  
Male  13% 48% 31% 
Female  87% 52% 69% 
Social Isolation 
Socially isolated  0% 15% 7% 
Socially active  100% 85% 93% 
Types of activities  
Engage in physical activity  71% 57% 64% 
Engage in sedentary activity  29% 43% 36% 
Use of air-conditioning   
Use of air-conditioning   76% 50% 65% 
Do not use air-conditioning  24% 50% 35% 
Self-rated health  
Below good  35% 32% 33% 
Good health or better than good 66% 68% 67% 

 
 
 
4 Results  

 
4.1 Description of the survey data 

 

Table 3 displays the descriptive statistics of the sociodemographic and lifestyle characteristics of our 
sample. To account for a natural decline in cognitive performance of older adults and to control for this 
across our participants, we divided the sample in three age groups (i.e. 55-64 years old; 65-74 years 
old and above 75 years old). This age division is consistent with the one commonly used in Psychology 
studies (Cornwell & Waite, 2009). 

 
A non-parametric Wilcoxon Mann-Whitney test was conducted to identify differences in mean between 
the socio-economic, demographic and lifestyle across the age groups, with the younger group (i.e. 55-
65 years old) being the reference group. Significant differences in educational attainment (both primary 
and secondary), gender, social isolation, use of air-conditioning and self-rated health were observed 
across age groups.  
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Educational attainment was higher among 55-64 years-old where 62.1% had at least a secondary 
school education, compared to 28.1% of above 75 years-old adults. There were also significantly more 
females than males in the three age groups. Meanwhile, social isolation were more predominant among 
those below 75 years old, which accounted for a total of 18.48%,  juxtaposed to 3.1% of above 75 year-
old adults. Concurrently, the use of air-conditioning were more commonly indicated by the groups 55-
64 and 65-74 years-old, which represented 74.6% and 64.0% of air-conditioning users respectively, as 
compared to 59.4% among those aged 75 years and above. On the other hand, the participants 
between 55-64 years old were significantly less positive about their health status than those aged 75 
years and above, where  53.9% of the former rated their health as below good as compared to 15.6% 
of the latter.  
 

Table 3. Table of Descriptive Statistics 

Stars report the result for Wilcoxon Mann-Whitney tests to test for differences across 65-76 and over 75 years old compared with 
55 to 65 years old group (reference). *** p<0.01, ** p<0.05, * p<0.1 
 
 
 
4.2 Determinants of the cognitive performance 

 
In this subsection, we perform a regression analysis to study the influence of each of the climatic 
conditions and PET index as well as demographic, socioeconomic and lifestyle characteristics (i.e. 
explanatory variables or covariates) on OAs’ cognitive performance. As stated in the Section 3.1, 
cognitive performance is defined as the information processing time, cognitive load and attention span 
of each participant. 
 

Variable Names 

 55-64 years old  
(n=24) (reference 

group) 

 65-74 years old 
(n=53) 

 75 years and above 
(n=32) 

% % % 
Education  
Primary & below  29.6% 51.1%*** 65.6%*** 
Secondary  62.1% 37.6%*** 28.1%*** 
Gender  
Female  60.5% 69.9%*** 71.9%*** 
Male  39.5% 30.1%*** 28.1%*** 
Social isolation  
Socially isolated 8.9% 9.5% 3.1%*** 
Socially active  91.1% 90.5% 96.9%*** 
Types of activities  
Physical activity  37.3% 66.0%*** 37.2%*** 
Sedentary activity 62.7% 34.0%*** 15.3%*** 
Neighbourhood 
Punggol  58.0% 54.9%*** 37.5%*** 
CBD  42.0% 45.1%*** 62.5%*** 
Use of air-conditioning 
Use air-conditioning  74.6% 64.0%*** 59.4%*** 
Do not use air-conditioning  25.4% 36.0%*** 40.6%*** 
Self-rated health   
Below good  53.9% 34.1%*** 15.6%*** 
Good health or better than good 46.1% 65.9%*** 84.4%*** 



 

 

 
DELIVERABLE TECHNICAL REPORT 

Version 20/08/2020 

13 

As proxy measures of information processing time, cognitive load and attention span, we use “Total 
game time”, “Interference effect” and “Correct responses”, respectively. As these three are bounded 
continuous response variables,  Ordinary Least Square (OLS) models were employed in the 
regressions. Also, standard errors were clustered at the subject level for all regression analyses.  
 
We define the response (or dependent) variables as follow: 
 
1. Total game time: defined as the total time in seconds that each participant needed to complete the 

Stroop games and it is proxy for processing time.  
2. Interference effect: defined as the difference in time needed for each participant to answer 

congruent and incongruent questions and this is a proxy for the cognitive load (see Section 2.2. for 
details). 

3. Correct responses: defined as the number of correct responses by the participants during the 
Stroop games and this is a proxy of attention span. 

 
The lower the coefficients for the “Total game time”, the faster the information processing time. The 
lower the coefficient displayed in the regression model for the “Interference effect”, the lower the 
cognitive load.  Lastly, the higher the coefficients for “Correct responses”, the greater the attention 
span.  
 
We also define the explanatory variables (or covariates) as follow:   

1. Humidity, wind speed, air temperature and Tmrt.: these climatic variables were measured for each 
participant at the exact moment in which the Stroop games were performed (see Section 7 for 
details).  

2. Mean PET: this was calculated for each participant by taking into consideration the climatic 
conditions at the exact moment in which participants performed the Stroop game, their clothing 
and the metabolic rate related to the activity (both physical or sedentary) they were engaged in 
during the session (see Section 7 for a detailed explanation). As a result, we have two PET, one 
for the pre-activity and a second one for the post-activity. Hence, as an explanatory variable, we 
created a variable that it is a “Mean PET”, which was built by averaging the PET of each participant 
during the pre-activity Stroop game and the PET during the post-activity Stroop game.  

3. Control variables: Socio-economic and demographic characteristics (represented by education, 
gender and health)  and lifestyle characteristics of our participants (represented by isolation; use 
of AC at home and physically active) were our control variables (all binary variables).  
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Table 4: OLS estimation on Total game time, Interference effect and Correct response. Covariates in the models: Climatic conditions, demographics and lifestyle characteristics. Regressions 
were done by age group.  

 55-64 years old (n=24) 65-74 years old (n=53) 75 years and above (n=32) 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 

 Total game time 
(OLS) 

Interference effect 
(OLS) 

Correct response 
(OLS) 

Total game time 
(OLS) 

Interference effect 
(OLS) 

Correct response 
(OLS) 

Total game time 
(OLS) 

Interference effect 
(OLS) 

Correct response 
(OLS) 

Wind speed -61.6*** (3.399) -0.532***(0.129) 4.960** (2.341) -3.06*** (0.983) -0.0111(0.0204) 0.367*** (0.108) -24.8*** (1.436) -0.0156 (0.0325) 1.242*** (0.153) 

Relative Humidity 6.169*** (0.64) 0.0930***(0.0243) 0.855 (0.547) 0.76**  (0.217) 0.00784*(0.00451) 0.00267 (0.00230) 3.91*** (0.388) 0.00986 (0.00876) -0.309*** (0.0396) 

Air Temperature 5.581* (2.963) 0.328***(0.112) 3.969 (2.743) 0.920 (0.928) 0.0123 (0.0193) -0.125 (0.0964) 13.93*** (1.910) 0.261***(0.0432) 0.104 (0.183) 

Tmrt 2.86*** (0.728) 0.0594**(0.0275) 0.847 (0.671) 0.287** (0.120) 0.00274 (0.00250) -0.092*** (0.0147) 0.710*** (0.0851) 0.0259***(0.00193) -0.039*** (0.00841) 

Male Ref Ref Ref Ref Ref Ref Ref Ref Ref 

Female 37.86*** (1.571) -0.392*** (0.0493) -0.969** (0.438) -9.692***(1.249) -0.180***(0.0248) 0.0829 (0.131) -5.958*** (1.209) -0.0199 (0.0279) -0.609*** (0.116) 

Primary  Education Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Secondary 
Education -6.635*** (0.018) -0.0324* (0.0210) 0.326** (0.669) -8.325***(0.0210) -0.104*** (0.0132) 0.185*** (0.159) -4.396*** (0.0185) -0.0573**(0.0234) 0.0365* (0.664) 

Non isolated Ref Ref Ref Ref Ref Ref Ref Ref Ref 

Isolated 19.06*** (1.127) 0.154***(0.0354) -1.186*** (0.266) 12.39*** (1.367) 0.0405* (0.0272) -0.048* (0.147) 0.512 (2.547) 0.0959 (0.0588) -0.156 (0.212) 

Non-AC Ref Ref Ref Ref Ref Ref Ref Ref Ref 

Use of AC 4.288*** (1.117) -0.547*** (0.0351) -0.599*** (0.217) 4.777*** (0.727) -0.220*** (0.0145) -0.832*** (0.0841) -17.36*** (1.115) 0.00307 (0.0257) 0.117 (0.0965) 

Physically active Ref Ref Ref Ref Ref Ref Ref Ref Ref 

Sedentary 0.114 (0.711) 0.156***(0.0223) 0.0455 (0.177) -1.244 (0.939) -0.0644***(0.0187) -0.362*** (0.0920) 4.774*** (1.338) 0.480***(0.0309) -0.487*** (0.124) 

Health below good  Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Health good or 

better 
-4.248*** (1.062) 

 
-0.0803*** (0.0302) 

 
0.0318* (0.0213) 

 
-2.733*** (0.727) 

 
-0.0102* (0.0147) 

 
0.0567*** (0.0151) 

 
-6.930*** (1.395) 

 
-0.181*** (0.0306) 

 
0.221*** (0.0287) 

 

Constant -660*** (142.9) 1.016*** (0.0820) -195.2  (131.8) 134.0*** (42.42) 0.637*** (0.0387) 7.199  (4.449) 59.64 (75.93) 0.527*** (0.0498) -25.64*** (7.501) 

Observations 1,656 1,656 1,638 3,312 3,312 3,159 2,160 2,160 1,979 

R-Squared 0.605 0.343 0.418 0.338 0.141 0.271 0.327 0.257 0.233 
Standard errors in parentheses clustered at subject level.  *** p<0.01, ** p<0.05, * p<0.1 
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Table 5. Spearman correlation tests8 
 Type of activity Neighbourhood Gender Social 

Isolation 
Educational 
Attainment 

Use of air-
conditioning 

Type of activity 1      

Gender -0.3484 -0.3809 1    

Social Isolation 0.3058 0.386 -0.3531 1   

Educational Attainment  -0.1675 -0.1019 0.058 -0.1462 1  

Use of air-conditioning  -0.3352 -0.331 0.3124 -0.3865 0.3364 1 

Self-rated health  -0.1331 0.0987 -0.0068 -0.1093 0.2197 0.0506 

 
 
Table 4 reports the results from OLS estimations on “Total game time”, “Interference effect” and “Correct 
responses”. Humidity, wind speed, air temperature and Tmrt are our key explanatory variables. 
Additionally, we included in each OLS model socio-economic and demographic characteristics (i.e. 
education, gender and health)  and lifestyle characteristics of our participants (i.e. isolation; use of AC 
at home and physically active). We explored these determinants on the “Total game time”, “Interference 
effect” and “Correct responses” for each of the age groups separately. The results for the age group of  
55-64 years old,  65-74 years old and 76 years and above are reported in Columns 1 to 3, Columns 4 
to 6 and Columns 7 to 9, respectively.  
 
Before including the socio-economic and demographic variables in our estimations, we tested for multi-
collinearities. As the sociodemographic and lifestyle characteristics were weakly correlated (i.e. 
coefficients of Spearman’s rho were lower than 0.5 and highly significant (p<0.05); see Table 5), they 
were included as covariates in the subsequent econometric analyses.   
 
We present the results for each of our main explanatory variables in Table 4 as follows: 
 

a) Wind Speed: Our results show that as wind speed increases, the coefficients for the “Total game 
time” decrease significantly and the coefficients for “Correct answers” increase significantly for all 
age groups. The coefficients for “Interference effect” are negative and significant for the groups 55-
64 years old and the 65-74 years old. This suggests that wind speed has a positive effect on the 
information processing time and attention span of all age groups and also a positive effect on the 
cognitive load of those under 75 years old. In particular, these effects were higher for younger older 
adults between 55-64 years old.  
 

b) Relative Humidity: The coefficients for “Total game time” increase significantly as relative 
humidity increases for all age groups. This shows that the higher the relative humidity, the longer 
the processing time required. In addition, relative humidity has a negative impact on the attention 
span of older adults 75 years or older as the coefficient for “Correct response” is negative and 

 
8 All the coefficients of Spearman’s rho of Table 5 are highly significant (p<0.05). 
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significant for that age group. Furthermore, relative humidity also has a negative effect on the 
cognitive load of those under 75 years old.  

 

c) Air temperature: The negative effects of air temperature are only observed among participants 
between 55-64 years old and those over 75 years-old. The higher the air temperature, the higher 
the coefficient for “Total response time” and “Interference effect” and these effects are significant. 
This means that air temperature affects negatively the information processing time and cognitive 
load of older adults between 55-64 and 75 years and older. No significant effects are observed of 
air temperature on the “Correct responses” and so, on the attention span. 

 

d) TMRT : We observe that as Tmrt increases, the coefficients for “Total game time” increase 
significantly for all age groups. This shows that Tmrt seems to have a detrimental effect on the 
information processing time of older adults. Additionally, Tmrt has a negative and significant effect 
on the coefficient for “Correct response” and “Interference effect” among participants 75 years or 
older. This suggests that Tmrt, apart from the information processing speed, also impacts the 
attention span and cognitive load of the oldest group. 

 
We also explore in Table 4 the role of demographic, socio-economic and lifestyle characteristics of our 
participants on “Total time response”, “Interference effect” and “Correct responses”. The results are 
described as follows: 
 

a) Gender: Across all three age groups, older female adults experienced a higher “Total response 
time”, compared with older male adults (the reference group). However, older female adults 
presents a lower “Interference effect” for those between 55 and 74 years-old compared with their 
male counterparts. 

 

b) Education: The level of educational attainment is noted to have a positive effect on “Total game 
time”, “Interference effect” and “Correct answer” across the age groups. The coefficients for 
“Secondary Education” are negative and significant for “Total game time” and “Interference effect” 
and positive and significant for “Correct answers” across all age groups compared with those with 
only a “Primary Education” (the reference group). This result suggests that participants with 
secondary school education presented a shorter information processing time and a better attention 
span, and so an overall higher cognitive performance, than those who with primary school or below 
levels of educational attainment. 
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c) Isolation: We also evaluated whether isolation could affect cognitive performance of older adults 
when outdoors. The coefficient for “Isolated” is positive and significant for “Total game time” for 
those between 55 -74 years old compared with the “Non isolated” (the reference group), while 
“Isolated” is negative and significant for “Correct response” only for those between 55-64 years 
old. This means that social isolation has a negative impact on the information processing time and 
attention span of older adults between 55 and 74 years old. However, the detrimental effect of 
isolation on the overall cognitive performance seems to affect the youngest older adults the most, 
i.e., those between 55 and 64 years old.  
 

d) Use of Air-Con at home: Participants between 55-64 years old that use air-conditioning (AC) at 
home presents an overall lower cognitive performance than those who do not have AC (the 
reference group). AC usage also affects negatively the information processing time on those 75 
years and older.  

 

e) Physical activity: Older adults over 64 years old who engage in sedentary activities seem to have 
a shorter attention span and higher cognitive load than those who are more physically active (the 
reference group). 

 

f) Stated health: Lastly, older adults of all age groups who were optimistic about their health status 
(“Health good or better”) seem to have a significant lower “Total response time”, lower “Interference 
effect” and a higher “Correct response” compared with those who declared to have a” Health below 
good” (the reference group). 

 
 
Table 6 describes the results of using the PET index to predict older adults’ cognitive performance9. We 
used as our main explanatory variable the “Mean PET”, that as explained above, it was built by 
averaging the PET of each participant during the pre-activity Stroop game and the PET during the post-
activity Stroop game.  
 
The PET index was measured in degrees Celsius. The higher the PET index, the lower the outdoor 
thermal comfort. In Table 6, we incorporated “Mean PET” as a covariate to capture the effect of the 
decreasing thermal comfort on the cognitive performance of the participants. Here again, as in Table 4, 
our dependent variables are “Total time game”, “Interference effect” and “Correct responses”. The 
effects of “Mean PET” on each of our dependent variables were calculated for each age group 
separately.  

 
9 Refer to glossary in section 7 for further explanation and calculation. 
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We also added sociodemographic and lifestyle variables as control variables. These variables are the 
same as in Table 4 (i.e. gender, educational attainment, AC use, self-rated health and social isolation). 
However for simplicity, we do not show the coefficients as their effect on the dependent variables are 
the same as the ones displayed in Table 4. 

 
Table 6. Effect of PET on older adults’ cognitive performance. OLS regressions on total time game, interference 
effect and correct answers. By age group 

 
 
Our results from Table 6 suggest that: 
 

a) Mean PET:  The coefficients for “Total time game” and Interference effect” are positive and 
significant while the coefficients for “Correct responses” are negative and significant for all the 
age groups. This means that as  PET increases (and so the thermal comfort decreases), the 
information processing time and cognitive load increase while attention span decreases. This 
result suggests that outdoor thermal comfort has a positive effect on the overall cognitive 
performance of older adults over 55 years-old. 

 
 
Table 7 displays a further analysis to confirm the effect of outdoor thermal comfort on older adults’ 
cognitive performance. We used Heng and Chow (2019)’s findings that a PET ranging between 21.1°C 
and 31.1°C was considered thermally comfortable for Singapore, while a PET of above 31.1°C is 
considered thermally stressful. In Table 7, we measure the effect of  “Comfort Mean PET” (i.e. mean 
PET ranging between 21.1°C and 31.1°C; the reference) on older adults’ cognitive performance 
compared to a “Stress Mean PET” (i.e. mean PET above 31.1°C). Therefore, this analysis explores the 
effects on our three response variables when participants were in a “Comfort mean PET” range as 
compared to participants who were in a “Stress mean PET” range.  

Variables 

55-65 years-old (n=24) 66-75 years-old (n=53) +76 years old (n=32) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 
OLS OLS OLS OLS OLS OLS OLS OLS OLS 

Total time 
game 

Interference 
effect 

Correct 
responses 

Total 
time 

game 
Interference 

effect 
Correct 

responses 
Total time 

game 
Interference 

effect 
Correct 

responses 
           
Mean PET 1.232*** 0.0100* -0.216** 1.648*** 0.00867* -0.045** 0.344* 0.026*** -0.082** 
  (0.358) (0.0120) (0.107) (0.229) (0.00472) (0.0224) (0.400) (0.00873) (0.0323) 
Control 
variables: 
Gender, 
educational 
attainment, 
Ac use, 
self-rated 
health & 
social 
isolation 

YES YES YES YES YES YES YES YES YES 

Constant 12.59 0.660** 7.257*** 62.02*** 0.336*** 0.108 102.2*** 1.236*** 4.573*** 
  (8.901) (0.299) (2.685) (6.095) (0.125) (0.602) (11.16) (0.244) (0.910) 
Obs. 1,656 1,656 1,638 3,312 3,312 3,159 2,160 2,160 1,979 
R-squared 0.692 0.532 0.493 0.621 0.669 0.418 0.589 0.665 0.421 
Standard errors in parentheses clustered at subject level.  
*** p<0.01, ** p<0.05, * p<0.1 



 

 

 
DELIVERABLE TECHNICAL REPORT 

Version 20/08/2020 

19 

 
Our results, following Table 7, suggest that: 
 

a) Comfort Mean PET: The coefficient for “Comfort Mean PET” is negative and significant for 
“Total time game” and “Interference effect” while it is positive and significant for “Correct 
responses” for all age groups. This means that participants in a comfortable mean PET zone 
exhibited better cognitive performance than those in a stressful mean PET zone. This result is 
consistent with the ones derived from Table 6 and confirms that the lower the OTC, the lower 
the overall cognitive performance. 

 
 
Table 7. OLS regressions on meantime per “total time game”, “interference effect” and “correct answers”. Comfort PET (proxy 
for OTC) compared with Stress PET. Regressions were performed by age group. 

Variable 
Names 

55-64 years-old (n=24) 65-74 years-old (n=53) +75 years old (n=32) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 
OLS OLS OLS OLS OLS OLS OLS OLS OLS 

Total time 
game 

interference 
effect 

Correct 
responses 

Total time 
game 

interferenc
e effect 

Correct 
responses 

Total time 
game 

interferenc
e effect 

Correct 
response

s 
Stress Mean 
PET    Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Comfort 
Mean PET  -2.52*** -0.093*** 0.37** -3.88*** -0.043** 0.21** -16.5*** -0.13** 1.49*** 
  (0.676) (0.0226) (0.178) (0.867) (0.0178) (0.0853) (2.533) (0.0559) (0.271) 
Control 
variables: 
Gender, 
educational 
attainment, 
Ac use, self-
rated health 
& social 
isolation 

YES YES YES YES YES YES YES YES YES 

Constant 45.07*** 0.312*** 1.697*** 108.7*** 0.611*** 1.512*** 97.56*** 0.639*** 3.518*** 
 (2.436) (0.0815) (0.563) (2.249) (0.0460) (0.224) (3.000) (0.0662) (0.306) 
Obs. 1,656 1,656 1,638 3,312 3,312 3,159 2,160 2,160 1,979 
R-squared 0.692 0.532 0.493 0.621     0.669 0.418 0.589 0.665 0.421 

Standard errors in parentheses clustered at subject level.  
*** p<0.01, ** p<0.05, * p<0.1 
 
 
5 Conclusion 
This pilot study analyses the effect of OTC and individual climatic conditions on older adults’ cognitive 
performance in tropical Singapore. 
 
Our analysis concludes that at a lower OTC, a lower overall cognitive performance was observed. 
Interestingly, this effect was more pronounced on those older adults between 55 and 74 years old. It 
is worth to note that those between 55-64 years old are currently economically productive and so, they 
continue to contribute to the workforce and the economy of Singapore. A lower cognitive performance 
could impact on their productivity and potentially, affect their well-being in the short and long term. 
 
Further results indicate that higher wind speed leads to higher cognitive performance (represented by 
attention span, cognitive load and information processing time) of older adults, particularly of those 
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between 55-64 years old. Meanwhile, higher relative humidity, Tmrt and air temperature increase the 
information processing time and cognitive load and reduced the attention span, resulting in an overall 
lower cognitive performance of all older adults. The results suggest that wind speed seems to be the 
most related to cognitive performance among older adults. The rest of the climatic conditions evaluated 
presented a negative effect on the cognitive performance. The most detrimental seems to be relative 
humidity, followed by air temperature and Tmrt.  
 
Furthermore, the examination of sociodemographic characteristics unveiled the relationships between 
educational attainment, social isolation and physically active lifestyle with older adults’ cognitive 
performance. Educational attainment and health was positively related with the cognitive performance 
of older adults. Socially isolated participants were observed to have poorer cognitive performance, 
suggesting that social isolation might be a risk factor and contributor towards the decline in cognitive 
performance (Cacioppo & Hawkley, 2009). This effect was particularly observed in the youngest group 
between 55-65 years old. This further emphasizes the importance of older adults’ physical and social 
participation since early age to maintain their cognitive well-being. 
 
In conclusion, our findings suggest that cognitive performance was related to OTC, in addition to socio-
economic, demographic and lifestyle characteristics of older adults. Thus, it is important to consider 
these factors when designing and implementing mitigations and adaptation measures aimed to 
preserve cognitive performance of older adults in Singapore. 

 
 

6 Future steps 
Our results are important as they show factors that matter for older adults’ cognitive performance. 
Preserving their cognitive performance might reduce the overall vulnerability of this group and 
increasing its well-being.  
 
However, this study only provides an early indication about the potential impact of OTC and outdoor 
climatic conditions on older adults in Singapore. More comprehensive studies would be needed to 
assess the economic (e.g. by analysing loss in productivity), social and health impacts on older adults 
related to low OTC combined. More data is needed for other areas of Singapore to identify and map 
groups with different degrees of vulnerability (e.g. by level of OTC and/or social isolation). Furthermore, 
analyses on the effect of OTC on cognitive performance, as well as on health and productivity, for other 
vulnerable groups (like children or outdoor workers) should also be undertaken. Finally, potential 
measures that could contribute to the preserving of vulnerable groups’ cognitive performance need be 
designed, tested and evaluated. These analyses could be important to generate policy 
recommendations and more informed decision making. 
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7 Glossary  
7.1 Acronyms used  

CBD   Central Business District  
 
OTC  Outdoor Thermal Comfort 
 
PET   Physiological Equivalent Temperature 
 
Tmrt  Mean Radiant Temperature  
 
OLS    Ordinary Least Square 

 

 
7.2 Definition of key terms used  

 
Older Adults 
 
For the purpose of this study, older adults are defined as adults aged 55 years and above. This includes 
the baby boomer generation (adults born between 1956-1965) which constitute a significant proportion 
of the baby-boomer generation. In line with other psychological studies, older adults were subdivided 
into three groups: 1) 55-64 years old , 2) 65-75 years old, and 3) 75 years and above (Cornwell & Waite, 
2009).  
 
Climatic Conditions 

1. Relative humidity 
Relative humidity refers to the percentage of moisture in the air relative to the total amount of 
moisture the air.  

2. Wind speed 
Wind speed refers to the rate at which air is moving and it is measured in terms of miles per hour 
(m/h). 

 

3. Air temperature 
Air temperature refers to the measure of how hot or cold the air is. Using the kestrels, air 
temperature reading is measured in terms of degree Celcius (°C).  

 

4. Mean radiant temperature (Tmrt) 
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Tmrt summarizes the effects of heat fluxes that reaches the human body (Kantor & Unger, 2011). 
The globe temperature measurements captured on-site will be first transformed into an outdoor 
mean radiant temperature that reflects the amount of heat fluxes experienced. The transformed 
mean radiant temperature (Tmrt) formula (ISO, 1998) is found below:  

!!"# = #$%$ + 273*
% + 1,1 ∗ 10

& ∗ /'(.*
0$ ∗ 1(.%

(%$ − %'4
+
%
− 273 

 
Where %$   = Globe Temperature (°C); 

              /a  = Wind Speed at the level of the globe; 
              %' .  = Air Temperature  

Globe temperature assesses a combination of solar radiation, air temperature and wind spend 
on human comfort. It is measured in terms of degree Celcius (°C).  

 
 
Physiological Equivalent Temperature (PET) 
 
PET is defined as “the equivalent temperature to air temperature in which in a reference environment, 
the thermal balance and the skin and the core temperatures are the same of that found in the 
environment” (Hoppe, 1999). Adapted from the Munich Energy-Balance model, PET integrates the 
complex thermal conditions in an outdoor environment with his/her experiences indoor. The calculation 
of each participant’s PET includes three parameters: physical constraints, personal variables and 
climate variables. Physical constraints consist of blood density, blood specific heat, air specific heat, 
skin emissivity, clothing emissivity and latent heat of evaporation. Personal variables include the age, 
sex, weight, height, metabolic activity level and the clothing level of the participants. Climatic variables 
refer to air temperature, air relative humidity, wind speed and Tmrt.  
 
Cognitive Performance  
 
For the purpose of this study, cognitive performance is defined as the information processing time, 
cognitive load and attention span of each participant. Cognitive performance is commonly assessed 
using a Stroop game.  
 

1. The “Total response time” taken to by a participant to finalise in the Stroop games session, 
wherein a lower time taken reflects a faster processing speed. This means that  “total response 
time” is a proxy for information time or speed. 

 
2. The “Interference effect” is calculated by the difference in mean response time between the set 

of congruent and incongruent questions in a Stroop game. A lower interference effect indicates 
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smaller cognitive differences in responding to congruent and incongruent questions. This variable 
is a proxy for Cognitive load. Cognitive load is the intensity of effort required by individuals in 
completing the task assigned (Paas et al., 2003). 

  
3. “Correct response” refers to the accuracy of the response by participants as they engage in the 

Stroop game session and is assessed by the number of correct responses. This variable is a proxy 
for attention span. A better attention span is indicated by a higher number of correct responses. 
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9 Annex  
9.1 Annex 1 - Participant Information Sheet, Consent form, Survey 

Questionnaire  
 

Participant Information sheet 
 
Study title: Understanding the impacts of heat exposure on older adults in Singapore 
 
Conducting person:    Ms. Chua Ming Jie Rochelle  

Singapore-ETH Centre  
Email: rochelle.chua@sec.ethz.ch  
 

Place:     Outdoor spaces in Punggol/Chinatown Neighbourhood   
Principal investigators:   Prof. Dr. Renate Schubert  

Singapore-ETH Centre   
Email: schubert@econ.gess.ethz.ch 
 
Prof. Dr. Gerhard Schmitt  
Singapore-ETH Centre   
Email: schmitt@arch.ethz.ch  

 
Responsible investigators/researchers: Dr. Natalia Borzino  
     Singapore-ETH Centre  

Email: natalia.borzino@frs.ethz.ch 
 
Ms. Chua Ming Jie Rochelle  
Singapore-ETH Centre  
Email: rochelle.chua@sec.ethz.ch  
 
Dr. Samuel Chng  
Singapore University of Technology and Design, Lee Kuan 
Yew Centre for Innovative Cities  
Email: samuel_chng@sutd.edu.sg 

 
Research partners: Singapore-ETH Centre (SEC), Singapore-MIT Alliance for 

Research and Technology (SMART), TUMCREATE, 
Singapore Management University (SMU) 

Contact person:    Dr. Natalia Borzino  
     Singapore-ETH Centre  

Email: natalia.borzino@frs.ethz.ch  
 
You are invited to participate in this research study. This information sheet provides you with information 
about the research. The Principal Investigator (the research doctor or the person in charge of this 
research) or her representative will also describe this research to you and answer all of your questions. 
Read the information below and ask questions about anything you don’t understand before deciding 
whether or not to take part. 
 
What is the purpose of this study?  



 

 

 
DELIVERABLE TECHNICAL REPORT 

Version 20/08/2020 

26 

This project aims to assess the impact of heat exposure on older adults’ attention span and processing 
speed, and their overall wellbeing in Singapore 
 
 
What is investigated and why?  
In this project, we want to examine the effects of urban heat on older adults within the outdoor 
neighborhood environment. Participants will be invited to complete a questionnaire, which seeks to 
examine their sociodemographic characteristics, their views and perceptions on the environmental 
conditions and Singapore’s climatic conditions; followed by a Stroop game, which will be conducted 
twice, where their attention span and processing speed are assessed.  
 
Who can participate? (inclusion and exclusion criteria) 
We are looking for older adults who are Singapore citizens  or permanent residents of the country, 
above the age of 55, to participate in the study. There are no restrictions on gender and ethnicity. 
However, older adults who are unable to provide their informed consent, or exhibit symptoms of 
cognitive impairment or colour-blindness will be excluded from the study.  
 
The total duration required to complete your participation is approximately 30 minutes divided in two 
stages. The first stage will take 20 minutes, in which a questionnaire and the first three-minutes Stroop 
game will be administrated. After the participant completes his/her outdoor activity, he/she will be 
required to complete a second three-minutes Stroop game. Once the second Stroop game is 
completed, the researcher will give to the participant the gift voucher and then, she/he is released.   
Will I be compensated for participating? (describe type and amount of compensation or make 
clear that no compensation will be given) 
Gift vouchers will be given at the end of the study as a token of appreciation.  
 

a. $5 gift voucher will be paid to you at the end of the study for completing the survey 
questionnaire. 

b. Additional gift vouchers for the Stroop games will be determined depending on the number of 
correct responses you provide in one out of the two Stroop games (see table 1), which will be 
randomly selected after the second Stroop game. Gift vouchers will be given to the you in an 
envelope in a private manner. Overall, you can get a minimum of $5 for completing the 
questionnaire and a maximum of $25, if you complete the questionnaire and give the maximum 
number of correct responses in the randomly selected game you performed. 

Number of correct 
responses from Stroop 
game  

Amount 

1 - 9 correct responses $5 
10- 18 correct responses $10 
19 – 27 correct responses $15 
28 – 36 correct responses $20 

Table 1. Associated voucher amount with number of correct responses tabulated from the 
Stroop game 

c. The final amount in Gift vouchers will be given to you in a private manner once your participation 
is completed. 

How much time will I be expected to invest? 
We would require approximately 30 minutes of your time. The study will be split into two stages: 20 
minutes before you engage in your outdoor activity and 10 minutes after you completed the activity.  
In the first 20 minutes, you would need to complete a questionnaire and a Stroop game that would take 
you 3 minutes to perform. After you finished your outdoor activity, we will ask you to do a second Stroop 
game for another 3 minutes. Once these two stages are completed, you will receive your gift vouchers.  
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Are there any risks or benefits? (e.g., diagnosis, health risks, risks connected to personal rights 
or data abuse)  
There are no risks involved from taking part in this study. In any case, if you chose to participate, you 
may discontinue should you feel uncomfortable at any time. 
 
There is no direct benefit (other than the gift vouchers mentioned as compensation) to individuals who 
participate in this study, except that they will be part of an effort that helps researchers better understand 
the impact of heat exposure that older adults feel on a daily basis. Findings from the study will benefit 
in the future through the insights researchers gather to identify recommendations to improve climatic 
conditions and heat exposure experienced outdoors.  
 
How am I insured?  
There are no adverse health effects that are directly caused by the study, therefore the project team or 
the institution will not cover for any liability insurance. You are responsible for insuring yourself against 
any other adverse health effects such as might occur, for instance, in connection with the trip to or from 
the place where the study is conducted. 
 
Which data are collected? (summarize the type of personal data, e.g., age, gender, postal code) 
Demographic information, general health status of participants’, time spent outdoors, social support, 
the use of air-conditioning, participants’ attitudes on environmental conditions, their perceptions on 
changes in weather conditions and their views on Singapore’s climatic conditions will be collected.  
Demographic information collected include gender, ethnicity, age, marital status, first 3 number of the 
participants’ residential postal code, educational qualifications, employment status, average household 
income, living arrangements and the language most frequently spoken at home.  
Participants are free to decide not to answer the sensitive questions by clicking the option “prefer not 
to say”. 
Your decision to participate in this research is totally voluntary. You can also withdraw at any point from 
the study by selecting the «opt-out» button at the bottom right corner of the tablet screen used to 
administer your responses. If you decide to do so, all your responses given until that moment will be 
deleted. 
How are my data treated?  
Your personal data will be stored in a secured server located in Singapore. The responsible 
investigators/researchers mentioned above will collect, use, and process your personal data for 
research purposes. They will share your personal data only in an anonymized form with additional 
research partners in the project. In anonymized form, means that you cannot be identified from such 
data. Your personal data may be used for research purposes for this study and other studies relating 
to climate change, urban warming, thermal comfort, urban heat island, and urban health. Members of 
the Ethics Commission may access the personal data for examination purposes in Singapore under 
strict confidentiality obligations. 

What are my rights to the data?  
Your participation in this study is voluntary. You may cancel your participation at any time without 
specifying reasons and without any disadvantages. 
What are my rights during participation?  
You may access, correct and/or withdraw consent to the use and disclosure of your personal data that 
was collected from you in the study for the above purposes, at any time, without having to justify my 
decision. The contact person for such requests and any other queries relating to how your personal 
data is collected, used and/or disclosed is given above. 
Who funds the study?  
This study is funded by the National Research Foundation of Singapore.  
Who examined the study?  
This study was approved by the ETH Zurich Ethics Commission as proposal EK 2019-N-156.   
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Survey Questionnaire  
 
**Eligibility Check – to be completed by interviewer 
 
Only Singapore residents or Permanent Residents aged 55 years and above who resides in Punggol 
can participate in this study. 
 
EC1. Are you a Singapore Citizen or Permanent Resident?  
 
 
EC2. Do you reside in Punggol/Pinnacles/Chinatown? 

Yes  Continue with study  No  
 
EC3. Please indicate your residential area below: (the first 3 digits of your postal code)  
_____________ (first 3 digits) Continue with study  

 
EC4. Do you experience any difficulties in identifying different colours?  
Yes  Continue with study  
No  Terminate the study  

 
 
EC5. Please identify the numbers you see below:  
 

     
 
 
 
 
 
 
 
1. Which sex do you identify with?  

i.  Male  “Continue” to next 
question  ii.  Female  

iii.  Prefer not to say  
 
2. What is your ethnicity?  

i.  Chinese  
“Continue” to next 
question  

ii.  Malay  
iii.  Indian 
iv.  Others  

Yes – Singapore Citizen  Continue with study  Yes – Permanent Resident  
No  Terminate the study  
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3. Which year were you born in?  
 
 

4. What is your current marital status? 
i.  Single  

“Continue” to next 
question  

ii Married 
iii Widowed  
iv Separated / Divorced  

v Others  
(please specify: _________ ) 

vi Prefer not to say  
 
5. What is the highest educational qualifications you have attained?  

i.  Primary & below  

“Continue” to next 
question 

ii.  Secondary  
iii.  Nitec/Higher Nitec  
iv.  A Levels / Diploma  
v.  Bachelors  
vi.  Postgraduate  
vii.  Others  

(please specify: _________) 
viii.  Prefer not to say  

 
6.  What is your current employment status?  

i.  Employed (full/part time) 

“Continue” to next 
question 

ii.  Unemployed (seeking 
employment) 

iii.  Unemployed (not seeking 
employment)  

iv.  Retired  
v.  Homemaker  
vi.  Others  

(please specify: _______) 
vii.  Prefer not to say  

 
 
7. Over the past 12 months, what is the estimated the average earnings (SGD) of the household per 

month? 
i.  Below $2,000 per month  

“Continue” to next 
question 

ii.  Between $2,000 to $3,999 
iii.  Between $4,000 to $5,999 
iv.  Between $6,000 to $9,999 
v.  $10,000 and above  
vi.  Don’t know  
vii.  Prefer not to say  

 
8. What type of dwelling do you live in?  

i.  HDB 1-Room  

“Continue” to next 
question 

ii.  HDB 2-Room  
iii.  HDB 3-Room  
iv.  HDB 4-Room  
v.  HDB 5-Room or Executive Flat  
vi.  Condominium or Private Flat  
vii.  Landed Property  

“Continue” to next question 
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viii.  Prefer not to say 
 
 
 
 
9. Is the dwelling owned or rented?  

i.  Owned / Co-owned   

“Continue” to next 
question  

ii.  Rented  
iii.  Others  

(please specify: _________) 
iv.  Prefer not to say  

 
10. Who are you currently living with?  

i.  Alone  

“Continue” to next 
question 

ii.  Lives with spouse only  
iii.  Lives with spouse and children 
iv.  Lives with children only  
v.  Lives with children and 

grandchildren 
vi.  Lives with other relatives  
vii.  Lives with friend 
viii.  Others  

(please specify: _________) 
ix.  Prefer not to say  

 
11. Do you have a domestic helper living with you?  

i.  Yes “Continue” to next 
question ii.  No 

iii.  Prefer not to say  
 
12. How would you rate your health?  

i.  Excellent  

“Continue” to next 
question 

ii.  Very good  
iii.  Good  
iv.  Fair  
v.  Poor  
vi.  Prefer not to say  

 
13. How tall are you (in cm)?  
 
 
14. How much do you weigh (in kg (in kg)?  
 
 
 
15. Do you spend time outdoors?  

iv.  Yes “Continue” to next 
question v.  No 

 
16. How much time do you spend outdoors each day?  

i.  None  

“Continue” to next 
question 

ii.  10 to 15 minutes  
iii.  30 minutes to 45 minutes  
iv.  An hour  
v.  More than 1 hour but less than 

2 hours  

“Continue” to next question 

“Continue” to next question 
 



 

 

 
DELIVERABLE TECHNICAL REPORT 

Version 20/08/2020 

31 

vi.  More than 2 hours but less 
than 3 hours  

vii.  More than 3 hours but less 
than 6 hours  

viii.  More than 6 hours  
 
 
17. What kind of activities do you engage in? Please select the top three. 

i.  Vigorous physical fitness 
(dancing, running, jogging, 
cycling, etc) 

“Continue” to next 
question 

ii.  Moderate physical exercise 
(taiji, qigong, stretching, brisk-
walking, etc) 

iii.  Social interactions (gathering, 
chit-chatting) 

iv.  Bird / People-watching 
v.  Shopping 
vi.  Eating 
vii.  Reading newspapers 
viii.  Others  

(please specify: _________) 
 
18. Which places do you visit within your neighbourhood? Please select the top three. 

i.  Town centre 

“Continue” to next 
question 

ii.  Fitness corner / facilities  
iii.  Hawker centre / wet market  
iv.  Supermarket (s) 
v.  Shopping malls  
vi.  Green spaces (gardens, 

pocket parks, nature reserve) 
vii.  Open spaces (playgrounds, 

void deck, pavilions, 
multipurpose court) 

viii.  Community centre  
ix.  Medical facilities (polyclinics, 

hospitals, tcm)  
x.  Senior activity centres  
xi.  Others  

(please specify: _________) 
 

19. For today’s activity, did you walk for more than 30 minutes before reaching this place?  
i.  Yes “Continue” to next 

question ii.  No 
 
 
Considering the people to whom you are related by birth, marriage, adoption, etc, (For questions 20-
25) 
 
20. How many relatives do you see or hear from at least once a month?  

i.  None  

“Continue” to next 
question 

ii.  One  
iii.  Two  
iv.  Three or four  
v.  Five through eight  
vi.  Nine or more  
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21. How many relatives do you feel at ease with that you can talk about private matters?  

i.  None  

“Continue” to next 
question 

ii.  One  
iii.  Two  
iv.  Three or four  
v.  Five through eight  
vi.  Nine or more  
 
 

22. How many relatives do you feel close to such that you could call them for help? 
i.  None  

“Continue” to next 
question 

ii.  One  
iii.  Two  
iv.  Three or four  
v.  Five through eight  
vi.  Nine or more  

Considering all of your friends including those who live in your neighbourhood,  
23. How many of your friends do you see or hear from at least once a month? 

i.  None  

“Continue” to next 
question 

ii.  One  
iii.  Two  
iv.  Three or four  
v.  Five through eight  
vi.  Nine or more  
  

24. How many friends do you feel at ease with that you can talk about private matters?  
i.  None  

“Continue” to next 
question 

ii.  One  
iii.  Two  
iv.  Three or four  
v.  Five through eight  
vi.  Nine or more  
 

25. How many friends do you feel close to such that you could call them for help?  
i.  None  

“Continue” to next 
question 

ii.  One  
iii.  Two  
iv.  Three or four  
v.  Five through eight  
vi.  Nine or more  

 
26. Do you have air-conditioning installed in your dwelling unit?  

i.  Yes  “Continue” to next 
question ii.  No  

 
27. Do you use the air-conditioning systems that you have at home?  

 
 
 
 

28. How frequently do you use the air-conditioning at home?  
 

i.  None  “Continue” to next 
question ii.  One to two times per week  

iii.  Two to three times per week  

i.  Yes  “Continue” to next 
question ii.  No  

iii.  Not applicable   
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iv.  Fortnightly  
v.  Everyday 
 

29. Which part of the day would you turn on the air-conditioning more frequently?  
i.  Morning (0600 – 1159) 

“Continue” to next 
question 

ii.  Afternoon (1200 – 1659) 
iii.  Evening (1700 – 2059) 
iv.  At night (2100 – 2359) 
v.  Midnight / Wee hours  

(0000 – 0559) 
 
 
 
Please indicate the extent to which you agree or disagree with the following statements:  

  Strongly 
Disagree 

Somewhat 
Disagree 

Neutral Somewhat 
Agree 

Strongly 
Agree 

30.  Using the air-
conditioning is 
something I do 
automatically  

     

31.  Using the air-
conditioning is 
something I do 
without having to 
consciously 
remember  

     

32.  Using the air-
conditioning is 
something I do 
without thinking   

     

33.  Using the air-
conditioning is 
something I start 
doing before I 
realize I’m doing it  

     

“Continue” to next question 
 
 
Please indicate the extent to which you agree or disagree with the following statements: 

  Strongly 
Disagree 

Somewhat 
Disagree 

Neutral Somewhat 
Agree 

Strongly 
Agree 

34.  In general, I prefer 
to be outdoors than 
indoors  

     

35.  During the day, I 
prefer to be 
outdoors than 
indoors   

     

36.  During the night, I 
prefer to be 
outdoors than 
indoors  

     

37.  Spending time 
outdoors 
(compared to 
indoors) is 
unenjoyable for me 
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38.  Spending time 
outdoors 
(compared to 
indoors) is pleasant 
for me during the 
day  

     

39.  Spending time 
outdoors 
(compared to 
indoors) is pleasant 
for me during the 
night  

     

“Continue” to next question 
 
 
 
 
 
 
 
 
Please indicate the extent to which you agree or disagree with the following statements: 

  Strongly 
Disagree 

Somewhat 
Disagree 

Neutral Somewhat 
Agree 

Strongly 
Agree 

40.  If applicable, 
compared to 5 
years ago, 
Singapore is much 
warmer now  

     

41.  If applicable, 
compared to 5 
years ago, 
Singapore is much 
cooler now  

     

42.  The changing 
climate in 
Singapore is an 
urgent problem  

     

43.  Mitigation action 
needs to be taken 
for Singapore’s 
changing climate  

     

44.  More resources 
should be allotted 
to address the 
changes in 
climatic conditions 
faced in Singapore  

     

 
 
 
** TO BE FILLED IN BY THE RESEARCHER  
 
Please report:  
 
Date where survey questionnaire is filled:  
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Time where survey questionnaire is filled:  
 
 
 
Please indicate the clothing of the participants:  
----------------------------------------------------------------------------------------------------------- 
Top:         Short sleeves t-shirt           Long sleeves t-shirt          Suits jacket 
----------------------------------------------------------------------------------------------------------- 
Bottom:   Short pants        Short skirt           Long pants  
 
  Long skirt       Jeans     
----------------------------------------------------------------------------------------------------------- 
Shoes:                  Closed-toes shoes          Sandals/Flip flops            
----------------------------------------------------------------------------------------------------------- 
Others:                 Hat                             Umbrella            Trolley/Bulky bags  
 
  None  
----------------------------------------------------------------------------------------------------------- 
Any other comments:  
 
 
Annex 4 – Receipt Form  
 
 
 
 
 
9.2 Annex 2 - Description of study neighbourhoods & study sites  

The Punggol neighbourhood integrated living, transactional and entertainment services, social 
amenities and facilities for physical activities with different transportation modes for increased 
convenience. The integrated living model was further enhanced into tree-lined boulevard as the Punggol 
Waterway was constructed. Meanwhile, the CBD neighbourhood located within close proximity to the 
Downtown core and its vicinity is surrounded by numerous tall commercial buildings. Embedded within 
the neighbourhood were impressive skyscrapers and tourist attractions as fast-paced commercial and 
financial activities take place within these tall buildings 
 

 
Figure 2. Map of identified neighbourhoods  

 

     

CBD  

Punggol  
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Figure 3 . Comparison of mean air temperature between neighbourhoods 

 
Outdoor spaces in both neighbourhoods were identified through site visits using three criteria: (i) the 
outdoor spaces should be places where older adults congregate for activities, (ii) the outdoor spaces 
should include residential area with mixed land use, and (iii) the activities conduced in these outdoor 
spaces should be conducted during similar times of the day and have comparable metabolic equivalent 
of task ratings (Oke et al., 2017).   
 
In Punggol, older adults were observed engaging in either physical or sedentary activities in numerous 
sites within the neighbourhood in the morning: (1) Block 174D Punggol Soccer Court, (2) Block 106A 
Coffee Corner, (3) Block 163A Open Space and (4) Block 172D Multipurpose Hall (see Figure 7 for 
study sites on Punggol Map).  
 

 
Figure 4. Map of Punggol Neighbourhood 

 
In the CBD neighbourhood, older adults were observed to engage in activities in two main sites: (1) 
along the stretch of open space at Pinnacle@Duxton and the fitness corner in front of a community food 
court, which were identified as the main site for data collection for physical activities (point 5 on figure 
8), (2) in front of Kreta Ayer Hawker Centre at Chinatown (point 6 on figure 8).  
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Figure 5. Map of CBD Neighbourhood 

9.3 Annex 3 – Stroop Game Screenshots  

 

    
Figure 6a. Example of a congruent question  Figure 6b. Example of an incongruent 
question 
 
 

 

 
Figure 7. Screenshot of scoreboard for both Stroop game sessions 
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9.4 Annex 4 – Image of Kestrel 5400 Heat Stress Meters Deployed  

 
 
 
 
 
 
 
 
 
 

Figure  8. Photos of tripod-mounted kestrels deployed on-site for data collection 
 
 


