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Abstract: In this work, -mode offices. Thermal 

-assessment of his/her own thermal sensitivity. Classic field 
studies on thermal comfort were conducted in mixed-mode offices located in the city of Florianópolis (Brazil). 
Occupants manually controlled the mixed-mode strategy through the operation of both operable windows and 
unitary air-conditioning system for cooling. Occupants were asked to assess their thermal perception through 
a questionnaire while air temperature, globe temperature, air velocity and relative humidity were measured in 

disposition was also investigated according to gender, age, body mass index and prior exposure to air-
conditioning in relation to thermal discomfort. More than two thousand seven hundred questionnaires were 
collected during the field campaign that took a year. Results indicated that there is an agreement between 
thermal sensation and thermal disposition, i.e., occupants that are more sensitive to heat presented a higher 
thermal sensation under equivalent thermal conditions and vice-versa. Results from this study have shown an 
interesting way of categorising occupants according to their thermal disposition, which could be used to 
improve the design of personalised conditioning systems. 
 
Keywords: thermal comfort; field study; mixed-mode; personalised conditioning systems. 

1. Introduction 
There are several factors that affect human thermal comfort in indoor spaces, including 
physiological, psychological and cultural aspects. Gender, age, body composition, 
metabolism, thermal history (previous thermal exposure) and adaptive opportunities 
available have been studied by different researchers in various climatic contexts, 
highlighting individual differences in thermal comfort (e.g., Byrne et al., 2005; Karjalainen, 
2012; Kingma et al., 2012; Rupp et al., 2018). Despite thermal comfort has generally been 
described as a mental/psychological state and thermal comfort studies ask subjects about 
their thermal perception (i.e., sensation, preference, acceptability, comfort), other 
psychological variables still need to be addressed in the context of thermal comfort 
research. 

A psychological variable, called perceived coldnaturedness  by Howell and Kennedy 
(1979) and Howell and Stramler (1981) and, later called thermal disposition  by Healey and 
Webster-Mannison (2012), has been associated with discrepancies in individual s thermal 
comfort. Thermal disposition c -assessment of his/her own 
thermal sensitivity, i.e., being more sensitive to heat, cold, both or neither, in relation to 
his/her perception of the thermal sensitivity of his/her co-workers. 

Howell and Kennedy (1979) conducted field studies on thermal comfort in different 
building typologies in Houston (USA) to validate, in actual buildings, Fanger s model, the 
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Predicted Mean Vote (PMV)/Predicted Percentage of Dissatisfied (PPD) model. They 
measured the thermal environment and applied questionnaires to occupants. Amongst the 
questions, they asked users about their self-perceived coldnaturedness. Results showed that 
clothing, air temperature and relative humidity accounted for 7-8% of the variance in 
thermal sensation vote in classrooms and offices, while psychological variables (perceived 
temperature and coldnaturedness) accounted for 10.5% and 31.2% of the variance, 
respectively. Howell and Kennedy (1979) stated that a narrow range of environmental 
conditions was find during the field studies, which can partially explain why the physical 
predictors accounted for so little variance in thermal sensation. Authors concluded that 
Fanger s model might be a valid representation of physical variables on thermal sensation, 
but the model is not valid for real-spaces as psychological variables play an important role 
and users are able to adapt to shifts in physical conditions. Howell and Stramler (1981) 
performed new field studies in offices and classrooms and confirmed the achievements of 
Howell and Kennedy (1979), i.e., the psychological variables were more important for 
individual s thermal sensation than non-psychological variables. 

A pilot field study was performed in a small office in Brisbane, Australia, using a mixed-
methods approach (thermal comfort assessment methods and structured qualitative 
methods) (Healey and Webster-Mannison, 2012). During the interviews, users were asked 
about their thermal disposition and most of them were able to identify themselves as being 
more sensitive to cold and/or heat. Based on the pilot study, Healey (2014) conducted a 
field study on thermal comfort in a mixed-mode office in Gold Coast (hot and humid climate 
of Australia) and interviewed the participants. Occupants more sensitive to cold presented a 
higher neutral temperature than those more sensitive to heat. Healey (2014) concluded that 
occupants adjusted the indoor thermal environment according to their thermal disposition.  

Other studies are found in the literature (Nagashima et al., 2002; Yasuoka et al., 2012; 
Jacquot et al., 2014) that investigated individual differences in thermal sensitivity, although 
they do not call it thermal disposition. Young Japanese women were studied in a climate 
chamber regarding their body core and skin temperatures and thermal comfort (Nagashima 
et al., 2002). After an interview with the subjects, which included ten questions (e.g., do you 
feel colder than others?), researchers separated the women in two groups: group C (people 
that complained of persistent coldness, which is commonly called Cold Syndrome in Japan) 
and group N (women not suffering from coldness). Each subject was exposed to two 
different experimental protocols: a control session at 29.5°C and a cold session at 23.5°C. 
Results pointed out that group C subjects felt colder than group N subjects in the cold 
session (body core and skin temperature were similar between both groups, but the 
metabolic rate was lower in group C). Authors concluded that such higher thermal 
sensitivity to cold may be associated to low thyroid function (T4) in group C subjects, which 
can explain the lower metabolism in group C (Nagashima et al., 2002). Another two climate 
chamber experiments were carried out with young Japanese female subjects (Yasuoka et al., 
2012). Subjects were asked whether they feel generally colder than others in the same 
space. In the first experiment, participants were allowed to adjust room temperature 
according to their preferences. Based on the results, participants were separated into two 
groups: group H (preferred higher temperatures, 29 C) and group M (preferred medium 
temperatures, <29 C). Then, the second experiment took place where subjects were 
exposed to variations in air temperature between 33 C and 25 C. Group H subjects 
reported colder thermal sensation than group M and no differences in mean skin 
temperature were found between the two groups. 
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Most of these studies recruited a few participants. Therefore, more studies 
considering a larger sample are needed to explore the impact of occupant s thermal 
disposition on thermal comfort. In this work, 
disposition in actual mixed-mode offices. 

2. Method 
Field studies on thermal comfort were conducted during a year in a mixed-mode office 
building. The building is in the humid subtropical climate of Florianópolis, Brazil (latitude -
27 and longitude -48  Offices have no heating, and cooling systems are installed in 
all spaces  the mixed-mode strategy is manually operated by users who decide when 
windows should be opened/closed, or the air-conditioning system turned on/off. Some 
characteristics of the building and its occupants can be seen in Table 1. The building is a 
public building located in the city centre. All occupants of the building were invited to 
participate as volunteers in the study. 

Table 1. Characteristics of the mixed-mode building and its occupants. 

General features 

Construction year 1990 

Retrofit 2012 

Total floor plan area (m2) 3,090 

Number of blocks 1 

Number of floors 5 

Shape Rectangular 

Construction Concrete 

External walls Apparent concrete 

Windows Clear single glass with applied reflective film 

Shading devices Facade elements 

Indoors 

Offices Open plan with lightweight partition materials 

Indoors height (m) 2.6 

Occupation 

Number of occupants (approximately) 250 

Working hours (approximately) 8am - 6pm 

Air-conditioning and natural ventilation system 

Natural ventilation system Operable windows 

Air-conditioning system Split system 

Mixed-mode operation Changeover controlled by users 

Comfort surveys 

Period 2015 - 2016 

Season All seasons 

Questionnaires 2,741 (Male: 1,480, Female: 1,261) 
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2.1. Data collection 
Thermal comfort questionnaires were applied to building occupants while instrumental 
measurements of environmental variables were carried out in the offices. Clothing, activity, 
demographic (age and gender) and anthropometric (height and weight) information about 
occupants were collected through the questionnaires. Clothing and activity levels were 
estimated in accordance with ASHRAE 55 (2017). Questionnaires also included questions 
about thermal perception (sensation, preference, acceptability and comfort), thermal 
disposition and occupant s dependence on air-conditioning (AC) outside the studied offices 

 Table 2. Four categories were adopted, according to Healey (2014), in order to ask users 
about their thermal disposition. Occupant s dependence on AC was grouped in four 
categories according to the frequency and daily usage of air-conditioning outside the 
workspace, i.e., the higher the frequency and daily usage of AC, the higher the dependence 
on AC. This criterion was adopted in a previous work (Rupp et al., 2018). 

Microclimate stations recorded the indoor air temperature, globe temperature, air 
velocity (Var) and relative humidity (RH). Measurements were performed according to 
ASHRAE 55 (2013). Outdoor thermal conditions were collected from a meteorological 
station located near the building. 

Table 2. Scales adopted in the questionnaires. 

Scale -3 -2 -1 0 +1 +2 +3 
Thermal 
sensation Cold Cool 

Slightly 
Cool Neutral 

Slightly  
Warm Warm Hot 

Thermal 
preference  

- - Cooler No change Warmer - - 

Thermal 
acceptability  

- - - Acceptable Unacceptable - - 

Thermal 
comfort  

- - - Comfortable Uncomfortable
* 

- - 

Thermal 
disposition 

- - - Not Sensitive 
Sensitive to 

Heat and Cold 
Sensitive 
to Heat 

Sensitive 
to Cold 

Dependence 
on AC 

- - - None Light Moderate Heavy 

* Occupants that answered uncomfortable  in the thermal comfort question must indicate if the discomfort 
was due to heat or cold sensation. 

2.2. Data analysis 
Statistical analysis was performed in R statistical software environment (R Core Team, 
2019). 

The operative temperature and the prevailing mean outdoor air temperature (Tpma(out)) 
were calculated following ASHRAE 55 (2017). For the latter, we estimated the mean daily 
outdoor temperature and adopted a value of 0.6 for the constant  (weighting method). 
PMV, PPD and Standard Effective Temperature (SET) were calculated in R software  scripts 
developed by Silva et al. (2016). 

Neutral temperatures were estimated for each thermal disposition group category. 
The body mass index (BMI) was calculated by dividing the weight by the square of the body 
height.  

As our field campaign took a year to be completed, users could have experienced 
different thermal conditions. In order to adjust such differences in thermal history prior to 
the survey-day, we adopted a relative temperature scale (Equation 1): the temperature 
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offset from neutrality (Tdiff), which has been used in other studies (Nicol and Humphreys, 
2007; Indraganti et al., 2014; Rupp et al., 2018). 
 
Tdiff = To - Tcomf  (Eq. 1) 

where: Tdiff is the temperature offset from neutrality ( C); To is the indoor operative 
temperature ( C); Tcomf is the indoor neutral (comfort) temperature estimated through the 
adaptive thermal comfort model from ASHRAE 55 (2017) ( C). 

 
In order to investigate the influence of occupant s thermal disposition on the thermal 

perception, we conducted linear regressions and logistic regressions. Linear regression was 
performed between indoor operative temperature and thermal sensation vote for each 
thermal disposition category. 

Multiple logistic analyses were carried out considering key variables: Tdiff, gender, age, 
BMI, dependence on AC, and thermal disposition as independent variables. BMI values were 
separated in two groups: overweight (BMI > 25.0 kg/m2) and non-overweight (BMI < 25.0 
kg/m2). We also separated the occupant s age in two groups (younger than 50 years and 
over 50 years). The dependent variable was based on the user s thermal comfort vote (Table 
2). Thus, two sets of analyses were performed in order to predict warm and cold discomfort. 
Equation 2 shows the probability of occupants to express warm or cold discomfort as a 
function of the independent variables. Wald chi-square test was employed to evaluate the 
statistical significance of each b coefficient for the predictor in the logistic regression 
models, i.e., when a coefficient of an independent variable in the model is significantly 
different from 0 (zero), that variable contributes significantly to the prediction of the 
outcome. We also used the Odds Ratio (OR) to estimate the likelihood of the occupants 
reporting warm discomfort and cold discomfort in comparison with the reference group (OR 
= 0).  

 
P(discomfort) = (1 + e-(b0+b1.X1+b2.X2+ +b6.X6))-1 (Eq. 2) 

 

where: P(discomfort) is the probability of cold/warm thermal discomfort occurring; e 
is the base of natural logarithms; b0 is the constant of the logistic regression model; b1 is 
the regression coefficient of the variable X1; b2 is the regression coefficient of the variable 
X2; and so on. Six predictors were adopted (Tdiff, gender, age, body mass index, dependence 
on air-conditioning and thermal disposition) for multiple logistic analysis and a single 
predictor was used (Tdiff) for the simple logistic regressions. 

 
We also performed simple logistic regression for each thermal disposition category by 

using Tdiff as the independent variable and warm or cold discomfort as the dependent 
variable (Equation 2). This way we obtained two curves (warm and cold discomfort), which 
were summed into one curve in order to show the total percentage of dissatisfied, an 
approach similar to the derivation of the PMV-PPD curve (Fanger, 1970). The 80% comfort 
ranges were determined by localising in both sides of the curve the 20% cold and heat 
dissatisfied (Y-axis) and their intersections with the temperature offset from neutrality (X-
axis). 
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3. Results 
Data collection resulted in a sample of 2,741 answers to the questionnaires (54% of males 
and 46% of females) with 52% of data collected during air-conditioning operation and 48% 
in natural ventilation mode (Table 3).  

3.1. Characteristics of the building and its occupants 
Table 3 presents an overview of indoor and outdoor thermal conditions, human variables, 

 operation of 
mixed-mode offices. Indoor thermal conditions were similar between both modes of 
operation while the prevailing mean outdoor air temperature was significantly lower during 
natural ventilation operation since occupants opened windows mainly in winter and 
intermediate seasons. Because of this, clothing was higher during natural ventilation 
operation. A heterogeneous sample of occupants participated in the study. Thermal 
responses and PMV pointed out to near-neutral sensations in both modes of operation. 
User s thermal acceptability and thermal comfort were high. 

Table 3. Overview of indoor and outdoor thermal conditions, human variables, s responses and calculated 
indices during field studies in both operation modes of mixed-mode offices. Values are shown as mean ± S.D. 

Variable category Variable name Air-conditioning (n=1,425) Natural ventilation (n=1,316) 

Indoors 
To ( C) 24.2 ± 1.1 24.0 ± 1.2 
Va (m/s) 0.11 ± 0.02 0.12 ± 0.09 
RH (%) 60 ± 6 67 ± 9 

Outdoors Tpma(out)  ( C) 22.6 ± 2.5 19.4 ± 1.7 

Human variables 

Metabolism (met) 1.19 ± 0.15 1.18 ± 0.14 
Clothing (clo) 0.61 ± 0.11 0.74 ± 0.20 
Age (years) 37.2 ± 10.7 38.4 ± 11.0 
Weight (kg) 75.2 ± 15.5 72.0 ± 15.0 
Height (m) 1.70 ± 0.10 1.69 ± 0.09 
Body mass index (kg/m2) 25.7 ± 3.9 25.1 ± 3.9 

responses 

Thermal sensation (TSV) 0.0 ± 0.8 0.1 ± 0.7 
Thermal preference 0.1 ± 0.5 0.1 ± 0.5 
Thermal acceptability 0.1 ± 0.3 0.0 ± 0.2 
Thermal comfort 0.2 ± 0.4 0.1 ± 0.3 
Thermal disposition 1.6 ± 1.0 1.9 ± 1.0 
Dependence on AC 1.3 ± 1.1 1.3 ± 1.1 

Calculated indices 

Tcomf ( C) 24.8 ± 0.8 23.8 ± 0.5 
Tdiff ( C) -0.6 ± 1.2 0.2 ± 1.0 
PMV 0.0 ± 0.5 0.2 ± 0.4 
PPD (%) 10 ± 6 10 ± 5 
SET ( C) 25.4 ± 1.9 26.3 ± 2.0 

3.2. ion and thermal perception 
Considering all data, 38% of occupants reported being more sensitive to heat, while 27% 
stated being more sensitive to cold and the remaining 35% of occupants expressed being 
more sensitive to both heat and cold (21%) or not sensitive (14%). 

Linear regression analyses were performed between thermal sensation vote and 
indoor operative temperature with the intention to assess whether occupants with different 
thermal dispositions also have distinct thermal sensations. Figure 1 presents the results of 
the linear regression analyses, where it may be observed that users more sensitive to heat 
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demonstrated a higher thermal sensation vote than those more sensitive to cold, under 
equivalent thermal conditions. Users sensitive to both cold and heat and those who were 
not sensitive to either cold or heat showed thermal sensations somewhere in between users 
more sensitive to cold or more sensitive to heat, except for some data points in lower 
temperatures, where less data was collected and, because of that, a wider confidence 
interval can be noticed. 

 

 
Figure 1. Linear regression between indoor operative temperature and thermal sensation vote for each 

thermal disposition category. Confidence intervals of 95% are shown in bands along the regression lines. 
Density of data may be observed by lighter/darker coloured points. 

 

Table 4. Linear regression equations between indoor operative temperature and thermal sensation vote for 
each thermal disposition category and, neutral temperatures (solving equations with TSV=0). 

Thermal disposition category Linear regression equation Neutral temperature ( C) 
Not sensitive TSV = 0.09To  2.05 (n=391, R2=0.03, p<0.001) 23.7 
Sensitive to cold and heat TSV = 0.21To  4.98 (n=583, R2=0.10, p<0.001) 24.2 
Sensitive to heat TSV = 0.18To  3.98 (n=1031, R2=0.09, p<0.001) 22.5 
Sensitive to cold TSV = 0.10To  2.67 (n=732, R2=0.03, p<0.001) 26.1 

 

The resulting linear regression equations (Table 4) reveals that users sensitive to both 
cold and heat and those sensitive to heat have a higher thermal sensitivity (i.e., a higher 
gradient of the linear regression equation) than users more sensitive to cold or not 
sensitive. Thus, the latter two groups have a wider tolerance to temperature variations 
when considering their thermal sensation vote. Neutral temperatures, derived by solving 
the equations with a thermal sensation vote equal to 0 (zero), showed that, in fact, 
occupants more sensitive to cold have the highest neutral temperature (26.1 C) and, those 
more sensitive to heat have the lowest neutral temperature (22.5 C)  a significant 
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difference of 3.6 C. People sensitive to cold and heat presented a similar neutral 
temperature than those not sensitive. 

In order to further investigate occupants  thermal disposition and examine if, indeed, 
this variable is a significant contributor to thermal comfort predictions, we performed 
multiple regression analyses considering also other known variables, from a previous study 
(Rupp et al., 2018), that affect thermal discomfort, i.e., temperature offset from neutrality, 
gender, age, body mass index and prior exposure to air-conditioning (i.e., dependence on 
AC). Tables 5 and 6 present the results of multiple logistic regression analyses for user s 
warm and cold discomfort, respectively. The strongest predictor of thermal discomfort was 
the temperature offset from neutrality as may be observed by the Wald test results (45.15 
for warm discomfort and 51.55 for cold discomfort), followed by thermal disposition (Wald 
= 22.63 for warm discomfort and 25.09 for cold discomfort). Overall, gender and age were 
insignificant (NS) to predict thermal discomfort (p>0.05). For warm discomfort, in addition 
to Tdiff, the body mass index, the dependence on AC and the thermal disposition (except by 
users more sensitive to cold) were associated with occupant s warm discomfort. Overweight 
occupants are 1.48 times more likely to express warm discomfort than non-overweight 
occupants, and those who use AC more heavily are 1.24 times more likely to express warm 
discomfort than light users of AC  both values are similar to the ones we got in our 
previous study (Rupp et al., 2018) in office buildings in Florianópolis. Regarding thermal 
disposition, occupants more sensitive to heat and those sensitive to both cold and heat are 
respectively 5.97 times and 2.92 times more likely to express warm discomfort than users 
not sensitive to either cold or heat. 

Table 5. Results of multiple logistic regression model considering user s warm discomfort. 

Predictors b Wald Sig. 
Odds Ratio 

(OR) 
Temperature offset from neutrality 0.42 45.15 p<0.001 1.52 
Gender - - NS - 
Age - - NS - 
Body mass index 0.39 6.06 p<0.05 1.48 
Dependence on air-conditioning 0.22 11.22 p<0.001 1.24 
Thermal disposition [Sensitive to heat and cold] 1.07 

22.63 
p<0.001 2.92 

Thermal disposition [Sensitive to heat] 1.79 p<0.001 5.97 
Thermal disposition [Sensitive to cold] - - NS - 

Note: N=2,741. R2=0.73(Nagelkerke). Model 2(6)=211.37, p<0.001. Reference group: female, 50 years, non-
overweight, none (dependence on AC), not sensitive. 
 

Table 6. Results of multiple logistic regression model considering user s cold discomfort. 

Predictors b Wald Sig. 
Odds Ratio 

(OR) 
Temperature offset from neutrality -0.55 51.55 p<0.001 0.57 
Gender - - NS - 
Age - - NS - 
Body mass index - - NS - 
Dependence on air-conditioning - - NS - 
Thermal disposition [Sensitive to heat and cold] - - NS - 
Thermal disposition [Sensitive to heat] -1.53 

25.09 
p<0.001 0.21 

Thermal disposition [Sensitive to cold] 1.75 p<0.001 5.74 

Note: N=2,741. R2=0.84(Nagelkerke). Model 2(6)=210.02, p<0.001. Reference group: female, 50 years, non-
overweight, none (dependence on AC), not sensitive. 
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For cold discomfort, our multiple logistic regression analysis showed that only Tdiff and 
two categories of thermal disposition (users more sensitive to cold and users more sensitive 
to heat) were associated with occupant s cold discomfort. Users more sensitive to cold are 
5.74 times more likely to express cold discomfort than users not sensitive to either cold or 
heat. Occupants not sensitive to cold or heat are 4.76 times (OR=0.21 for users more 
sensitive to heat, i.e., OR=1.00/0.21 for those not sensitive) more likely to express cold 
discomfort than users more sensitive to heat. 

Intending to better understand the differences in thermal comfort between occupants 
more sensitive to heat and users more sensitive to cold, we separated our database to 
consider only those two thermal disposition categories. Then, we performed multiple 
logistic regression following the same logic as in Tables 5 and 6. The results are shown in 
Tables 7 and 8. For warm discomfort (Table 7), Tdiff was the strongest predictor (Wald = 
38.59) of thermal discomfort closely followed by thermal disposition (Wald = 31.51). Apart 
from Tdiff and thermal disposition, only the dependence on AC associated with thermal 
discomfort. Occupants more sensitive to heat are 4.55 times (OR=0.22 for users more 
sensitive to cold) more likely to express warm discomfort than their counterparts. 
Occupants that use AC more heavily are 1.21 times more likely to express warm discomfort 
than light occupants of AC, which is similar to the results obtained using our entire database 
(Table 5). 

Table 7. Results of multiple logistic regression model considering user s warm discomfort for occupants 
sensitive to cold and sensitive to heat.  

Predictors b Wald Sig. 
Odds Ratio 

(OR) 
Temperature offset from neutrality 0.45 38.59 p<0.001 1.56 
Gender - - NS - 
Age - - NS - 
Body mass index - - NS - 
Dependence on air-conditioning 0.19 6.44 p<0.05 1.21 
Thermal disposition -1.50 31.51 p<0.001 0.22 

Note: N=1,765. R2=0.17(Nagelkerke). Model 2(6)=162.94, p<0.001. Reference group: female, 50 years, non-
overweight, none (dependence on AC), sensitive to heat. 

 

Table 8. Results of multiple logistic regression model considering user s cold discomfort for occupants sensitive 
to cold and sensitive to heat. 

Predictors b Wald Sig. 
Odds Ratio 

(OR) 
Temperature offset from neutrality -0.57 33.42 p<0.001 0.56 
Gender - - NS - 
Age - - NS - 
Body mass index - - NS - 
Dependence on air-conditioning - - NS - 
Thermal disposition 3.37 54.55 p<0.001 28.94 

Note: N=1,765. R2=0.27(Nagelkerke). Model 2(6)=182.10, p<0.001. Reference group: female, 50 years, non-
overweight, none (dependence on AC), sensitive to heat. 

 
Considering cold discomfort (Table 8), the Wald test results indicated that the 

strongest predictor of thermal discomfort was thermal disposition (Wald = 54.55) followed 
by Tdiff (Wald = 33.42) and, those two variables were the only ones associated with cold 
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discomfort  the same trend observed in Table 6. Users more sensitive to cold are 28.94 
times more likely to express cold discomfort than people more sensitive to heat. In fact, it is 
harder that users more sensitive to heat complain about cold discomfort, as can be seen in 
Figure 2b. 

Gender was not associated with thermal discomfort in any of our analysis, which is 
against the outcomes of our previous research (Rupp et al., 2018) that did not consider the 
thermal disposition variable. Perhaps, this is due to the fact that it is the thermal disposition 
(also known as coldnaturedness), a psychological variable, and not the gender that is 
associated with thermal perception, as Howell and Kennedy (1979) stated: 
 

sex is also consistently relate

and it is this difference, rather than sex per se, that contributes to the slight difference 
in thermal sensation judgments (Howell and Kennedy, 1979, p. 236). 

  
In our analyses, we also found that women tend to perceive themselves more 

sensitive to cold than do men (48% of women answered they were more sensitive to cold, 
against 9% of men). The opposite was observed regarding occupants more sensitive to heat, 
where 54% of men said they were more sensitive to heat while 18% of women stated the 
same. 

3.3. Exploring ranges of thermal comfort by  disposition 
As one of the most influential variables to affect thermal discomfort was thermal 

disposition, we conducted further analysis to explore the widths of the thermal comfort 
ranges for each thermal disposition category. We used simple logistic regression to build 
prediction curves relating the temperature offset from neutrality and the percentage of 
dissatisfied, in order to define 80% thermal comfort ranges. Figure 2 presents the thermal 
comfort ranges and the predicted percentage of thermal discomfort as a function of the 
temperature offset from neutrality for the four thermal disposition categories. The curves 
can be interpreted like the classic Fanger s PMV/PPD curve, but instead of considering PMV 
on the x-axis, we used the temperature offset from neutrality calculated from the adaptive 
thermal comfort model of ASHRAE 55. This way, the curves showed a minimum PPD of 5% 
(like Fanger s model) for users not sensitive to either cold or heat (Figure 2d). However, this 
happened when Tdiff was equal to -1.5 C. The minimum PPD was higher (12%) for occupants 
sensitive to both cold and heat (Figure 2c) when Tdiff was equal to 0.0 C, which coincides 
with the indoor comfort temperature from ASHRAE 55 adaptive thermal comfort model. 
People more sensitive to cold and those more sensitive to heat presented a minimum PPD 
of 10% and 6% when Tdiff was equal to 2.0 C and -4.5 C, respectively (Figures 2a e 2b). This 
suggests that a different indoor comfort temperature than prescribed by ASHRAE 55 model 
is demanded depending on user s thermal disposition, i.e., users more sensitive to cold 
require a higher temperature than the adaptive model from ASHRAE 55 and users more 
sensitive to heat need a lower temperature. 

It is also interesting to notice that the ranges of thermal comfort are related to 
occup  thermal disposition (Figure 2). Users more sensitive to cold showed a thermal 
comfort range tending to the warm side of Tdiff scale (from -1.0 to 5.5 C, a range of 6.5 C), 
while occupants more sensitive to heat presented a thermal comfort range tending almost 
entirely to the cooler side of Tdiff scale (-9.1 to 0.2 C, a range of 9.3 C). Also, a more similar 
distribution of thermal comfort ranges on both sides of Tdiff scale was achieved for users 
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sensitive to both cold and heat (between -2.9 to 3.6 C, a range of 6.5 C). A wider range of 
thermal comfort (12.9 C) from -8.7 to 4.2 C was obtained for occupants not sensitive to 
either cold or heat. The adaptive model of thermal comfort from ASHRAE 55 (2017) 
established a universal (for all people) valid indoor comfort temperature range of 7.0 C, 
evenly distributed from the midpoint (zero  neutrality). Considering our data from mixed-
mode buildings in a Brazilian subtropical climate, we may highlight some differences and 
similarities in relation to the ASHRAE s model: 

 
ASHRAE's range of 7.0 C was similar to the ranges derived for users more 
sensitive to cold and those sensitive to both cold and heat. However, a wider 
range of up to 12.9 C (people not sensitive to cold or heat) was obtained for 
the other two thermal disposition categories.  

The evenly distributed range (± 3.5 C) of ASHRAE 55 s model looks a bit like 
the range calculated for occupants sensitive to both cold and heat. However, 
for the other three thermal disposition categories, the 80% comfort ranges 
were unevenly distributed from the midpoint, as mentioned before, which 
indicates that the comfort ranges do change depending on occupant s thermal 
disposition. 

 
Predicted warm dissatisfied Predicted cold dissatisfied Predicted total dissatisfied

 

0%
10%
20%

30%
40%
50%
60%

70%
80%
90%

100%

-10 -8 -6 -4 -2 0 2 4 6 8 10

Temperature offset from neutrality (ºC)
 

(a) Sensitive to Cold 

0%
10%
20%
30%
40%
50%
60%

70%
80%
90%

100%

-10 -8 -6 -4 -2 0 2 4 6 8 10

Temperature offset from neutrality (ºC)

b) Sensitive to Heat 
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(c) Sensitive to both Cold and Heat 
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Figure 2. Predicted percentage of thermal discomfort as a function of the temperature offset from neutrality 
according to thermal disposition. The grey bands show the 80% comfort range. 

4. Conclusions 
A psychological variable, known as thermal disposition, was explored in this work. 
Occupants in mixed-mode offices were investigated regarding their thermal perception in 
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the subtropical climate of Brazil. Field studies involving simultaneous measurements of 
environmental variables with the application of questionnaires were performed during a 
year, which resulted in more than two thousand seven hundred valid questionnaires. Data 
were submitted to statistical analyses, and the main contributions are: 
 

An agreement between thermal sensation and thermal disposition was 
observed in this work. Under equivalent thermal conditions, occupants that 
were more sensitive to heat showed a higher thermal sensation than 
occupants more sensitive to cold, which also reflected in their neutral 
temperatures (a 3.6 C lower neutral temperature was estimated for users 
more sensitive to heat in relation to users more sensitive to cold). 

Thermal disposition was found to be associated with thermal discomfort and 
along with the temperature offset from neutrality (Tdiff) were the most 
influential variables to predict both warm and cold discomfort. Occupants 
more sensitive to heat are more likely to express warm discomfort than users 
more sensitive to cold while the latter is more likely to manifest cold 
discomfort than their counterparts. In addition to thermal disposition and the 
temperature offset from neutrality, the body mass index and the degree of 
dependence on air-conditioning systems outside the workplace were 
associated with occupant s warm discomfort. Overweight occupants are more 
likely to express warm discomfort than non-overweight occupants, and people 
that use air-conditioning more frequently are more likely to register warm 
discomfort than light users of air-conditioning. 

User also affects the range of indoor temperatures 
people find comfortable (the thermal comfort range). Occupants more 
sensitive to cold presented a trend to the warm side of the temperature offset 
from neutrality scale while the thermal comfort range from users more 
sensitive to heat tended nearly entirely to the cooler side of the relative 
temperature scale. A wider range of Tdiff was estimated for users not sensitive 
to either cold or heat and a thermal comfort range more evenly distributed 
from the neutral temperature based on the adaptive model of thermal comfort 
from ASHRAE 55 (2017) was predicted to users sensitive to both cold and heat. 
The minimum predicted percentage of dissatisfied (PPD) varied between 5% 
and 12% for users not sensitive to either cold or heat and for users sensitive to 
both cold and heat, respectively. Overall, the minimum PPDs were achieved 
when Tdiff was different from neutrality (i.e., Tdiff  0); the only exception was 
the minimum PPD from users not sensitive to either cold or heat that occurred 
when Tdiff was equal to zero. 

The analyses conducted in this work did not find an association between gender and 
thermal discomfort while our previous study (Rupp et al., 2018) showed the contrary. 
However, we did not consider the thermal disposition variable in the previous research. In 
our current work, we also found that women tend to perceive themselves more sensitive to 
cold than do men, while men tend to perceive themselves more sensitive to heat. Thus, 
because of this and based on the research of Howell and Kennedy (1979), maybe it is not 
the gender but this psychological variable (thermal disposition) that should be considered 
when addressing individual differences on thermal comfort. An in-depth analysis could be 
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performed in future studies to support or not such achievements. Another point that 
requires further investigation is regarding a possible reporting bias as occupants reported 
on both their thermal sensation and their thermal disposition. 

This work also highlighted the importance of categorising users according to their 
thermal disposition in order to improve thermal comfort predictions, supporting other 
studies in this subject (Howell and Kennedy, 1979; Howell and Stramler, 1981; Healey and 
Webster-Mannison, 2012) and further research that also categorised people according to 
different variables (Nagashima et al., 2002; Yasuoka et al., 2012; Jacquot et al., 2014). 
Further research may explore such categorisation to improve the design of personalised 
conditioning systems. 
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