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Abstract

Existing research literature on adaptive thermal comfort studies shows the methodology used and results obtained; however, the in-
formation for data analysis is reduced. Methods commonly used to interpret and understand the thermal comfort phenomenon are
univariate type and, usually, use the linear regression to predict the behavior of one variable from the variation of other; among
others, Simple Linear Regression method and Averages by Thermal Sensation Interval method can be identified, although it is also
possible to find studies based on the ANSI/ASHRAE 55 method or on machine-learning algorithms. This document describes a pro-
cedure that allows three-stages data to be statistically processed: Database capture, Database preparation, and Data Correlation. In
each case, the steps to be followed are specified and different statistical alternatives are indicated to achieve certainty in the results.
From different studies specialized in thermal comfort, it is possible to identify that the Averages by Thermal Sensation Interval method
offers results with greater consistency and causality regarding the perceived thermal sensation and its phenomenological correspon-
dence with the monitoring of the environmental conditions. As a complementary resource, a personalized spreadsheet whit the three
methods described in this paper is including.

Keywords: Adaptive thermal comfort, ASHRAE Standard, Averages by Thermal Sensation Interval, data analysis, linear regression,
statistical methods.

Resumen

Por lo general, las investigaciones que atienden el fendmeno del confort térmico humano basadas en el enfoque adaptativo, difunden
sus hallazgos detallando con suficiente precision la metodologia utilizada y los resultados obtenidos; sin embargo, es limitada la ex-
plicacién que permite enterar sobre los métodos y los criterios empleados en el procesamiento estadistico de datos que permitié
llegar a los resultados referidos. Los métodos estadisticos cominmente utilizados para interpretar y entender el fenémeno del confort
térmico son de tipo univariable y, por lo regular, se basan en la regresion lineal para predecir el comportamiento de una variable a
partir de la variacion de otra; entre otros, se pueden identificar el método de la regresion lineal simple y el método de Medias por
Intervalos de Sensacién Térmica, aunque también es posible encontrar estudios que se basan en el método sugerido en la ANSI/
ASHRAE 55. Con lo anterior, en este documento se describe un procedimiento que permite procesar estadisticamente los datos a
partir de tres etapas: Captura de la base de datos, preparacion de la base de datos y correlacién de los datos. En cada caso se ofrece
precision de los pasos a seguir y, en algunos, diferentes alternativas estadisticas que permiten ofrecer certidumbre en la bisqueda de
los resultados. A partir de diferentes estudios especializados en confort térmico es posible identificar que el método de Medias por
Intervalos de Sensacién Térmica ofrece resultados con mayor consistencia y causalidad respecto a la sensacién térmica percibida y
su correspondencia fenomenoldgica con el monitoreo de las condiciones ambientales de estudio. Adicionalmente, como comple-
mento a este documento, se comparte una hoja de calculo que presenta los métodos que en él se describen.

Descriptores: Confort térmico adaptativo, regresion lineal simple, medias por intervalos de sensacién térmica, ANSI/ASHRAE 55,
procesamiento de datos, correlacién de datos.
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BASIC METHODS USED FOR DATA ANALYSIS IN ADAPTIVE THERMAL COMFORT STUDIES

INTRODUCTION

Thermal comfort, according to ANSI/ASHRAE 55
(2017), is “that condition of mind that expresses satis-
faction with the thermal environment and is assessed
by subjective evaluation”, where the thermal percep-
tion basis is defined by physical and psychological sen-
sations generated by the thermal environment stimuli,
physical activity performed, experience and expecta-
tion. According to Humpreys & Nicol (1998), the adap-
tive approach is a way of studying thermal comfort;
and it is methodologically supported as follows:

e Subject is studied in his habitat, so the evaluation
conditions vary continuously. In this sense, the stu-
dies are based on data collected in the field.

e Human is considered as an active receptor in search
of thermal comfort, so his physiological and psy-
chological reactions are considered.

e Thermal comfort conditions depend on the average
outdoor temperature.

The dissemination of these studies commonly presents
its findings based on the precise description of the
methodology used and the detailed interpretation of
the results obtained (Buonocore et al., 2020; Jindal, 2018;
Mishra & Ramgopal, 2015; Rincon, 2019; Gonzalez,
2012; Mayorga, 2012; Martinez, 2011; Bojorquez, 2010;
Humpreys ef al., 2007, Hernandez & Goémez, 2007;
Gomez et al., 2007a; Garcia et al., 2005; Ambriz, 2005;
Boerstra et al., 2002; Bravo & Gonzalez, 2001; Auliciems,
1981; Auliciems & de Dear, 1998), but little is deepened
on the procedure and methods used for the statistical
processing of the data collected in the field, and less in-
formation is presented on the description of the diffe-
rent stages to which the data were submitted once
collected: Since the database cleaning to achieve a con-
sistent data set, up to the data correlation that allows

for certainty of the results. Table 1 shows the common
procedure to which the databases are statistically pro-
cessed, in the different areas of knowledge, since they
are collected in field studies.

The document presents statistical alternatives that
can be used for data processing collected in field from
adaptive thermal comfort studies. Data processing is
described in the following three stages:

1. Database capture.
2. Database preparation:

a) Outliers detection: Z-Score (Hernandez et al.,
2017; Nie ef al., 1975), Quartile (Sanchez, 2007;
NIST/SEMATECH, 2012) and Weighted Hierarchy
(Rincén, 2019).

b) Omission of non-representative thermal sensa-
tion categories.

¢) Omission of thermal sensation categories with
the same value at physical variable.

3. Data correlation:

a) Simple linear regression (Cardona et al., 2013;
Kelmansky, 2010; Martinez, 2005; Levin and Ru-
bin, 2004).

b) Average by Thermal Sensation Intervals (Go-
mez et al., 2007Db).

c¢) ANS/ASHRAE 55 (2017) method.

Although, the data correlation in this studies type can
be carried out based on different statistical methods
(Mishra, 2018; Humphreys et al., 2015), this document
only describes those that are commonly used to analyze
this phenomenon, as well as the method contained in
the ANSI/ASHRAE 55 (2017). These statistical methods,
of univariable type, focus on the correlation of an inde-
pendent variable (physical variable recorded during

Table 1. Statistics approaches for data analysis (Source: Made from Mishra, 2018)

Data analysis Techniques

Description

Pearson

Filtering data Kendall correlation &

Spearman correlation
Shapiro-Wilk

Data distribution
One way ANOVA

Simple linear regression

Methods
Average by thermal sensation

interval

Product moment correlation (r)

These are rank based correlations and would be strong for situations

where the data is not linearly

Can be used for examining if a specific distribution is normal or not

Is used to determine whether there are any significant differences
between the means of three or more independent variables (unrelated)

Can quantifying the relationship between a dependent variable and an

independent variable

Can quantifying the relationship between a dependent variable and an
independent variable based on the average value of the comfort vote
given It uses the descriptive statistics to estimate the neutrality value

and two comfort ranges
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the evaluation: Black globe temperature, dry bulb tem-
perature, relative humidity and/or wind speed) and a
variable dependent (comfort vote: Thermal sensation,
thermal preference, hygric sensation, hygric preferen-
ce, wind sensation, wind preference and/or personal
acceptance) (Cardona ef al., 2013; Martinez, 2005; Ale-
gre & Cladera, 2002). With this, the data analysis does
not make a difference in age, sex, level of clothing or
activity level in the subjects analyzed, in order to esti-
mate generic comfort models, although, if within the
objectives of the research it is proposed to obtain speci-
fic indicators to any of the aforementioned anthropic
variables, some selection filters would have to be
applied during the data preparation stage.

Therefore, these data analysis methods could be
used cautiously in any study on adaptive thermal
comfort, regardless of the database size, including, the
ASHRAE Global Thermal Comfort Database II (Luo et
al., 2020; Ji et al., 2020; Wang et al., 2020; Foldvary et al.,
2018) or the use that various studies have made of this
(Cheung et al., 2019).

It is worth mentioning that in recent years machine-
learning algorithms have been presented as a new alter-
native for data analysis (Luo ef al., 2020; Montazami et
al., 2017) where the user explores complex data sets and
searches for meaning among them, however, these are
not the subject of this document due to the complexity
and expertise required to program code that allow
them function. However, there are studies (Luo et al.,
2020; Loomans et al., 2020; Liu et al., 2019; Montazami et
al., 2017) in which their operation has been explored in
combination with the methods presented here, obtai-
ning a 60 % mean certainty in the predicted results.

This paper is intended as a guide to the basic
methods used for statistical processing of data collected
in field studies.

I11 What is your gender?
| 1) Man 2) Woman

| 11 Do you suffer from any chronic disease (asthma, arthritis, diabetes, etc,)?
1) Yes 2) No 3) 1 dont know

|13 What demographic relationship do you have with the Pachuca city?

1) From 2) Resident (Place of birth ) 3) Visitor (Place of birth

|14 If you are a resident or visitor to Pachuca city, how long have you been living in the city?
1)0-6 months 2) 6 months 1 day - 1 year 3) 1year 1day - 3 years

I1s The intensity with which you carry out academic activities daily would be classified as:
I passive 2) Moderste 3 ntense
aaaaaaaaaa 1) & hot or sweaty)

1) Passlvs 2) Moderate 3) Intense

rrrrr (rormai) (you are hot or sweaty)
| |17 How long have you been doing the previous activity?
1)0-15min

| IlE ‘What clmhlng type are you wearlng rlgh( nuw’
1) Very light

I|:||15 What intensity did you carry out the activity previous to the interview?

1 sronsamcion

I

Lghp s snore

STATISTICAL DATA PROCESSING IN ADAPTIVE
THERMAL COMFORT STUDIES

To obtain consistent results and carry out adequate
data processing, the procedure is classified in three sta-
ges: a) Database capture, b) Database preparation, and,
¢) Data correlation.

DATABASE CAPTURE

To use resources efficiently and structure an organized
database, it is recommended that the questionnaire
used to collect data contain a closed or mixed type
question, predominantly, multiple choice and exclusio-
nary questions (dichotomous or trichotomous) (Fer-
nandez, 2007). For do this, it is necessary to adopt a
response system that allows the following characteris-
tics:

Efficiency in electronic capture of responses.

e Succession in the location of the answers written in
the questionnaires.
Fast capture from a numerical coding of responses.
Ease of capture in multiple computer programs.
Reduction of errors in capturing responses.

The above is possible using a co-surveyed space format
that allows the writing of the selected response. A co-
surveyed space, according to Ferndndez (2007), is the in-
dividual area of each question in order to write the
answer. The most practical is that each closed-type ques-
tion has a rectangle located on the left side (Figure 1).

The coding of each answering possibility from Ara-
bic numbers is a characteristic that allows to facilitate
the capture of data in computer, since in the keyboard
the numbers are grouped progressively in a same strip
or quadrant, therefore the time and errors decrease du-
ring this process, because only the left column is gene-
rated and captured by the total responses provided by
the study subjects (Figure 1).

4) More than 3 years

2)16-30min  3)31-45min  4)46-60min  5)61-75min  6)76-90min  7)91-105min  8) More than 105 min

4) Warm clothing (2 5) Verywarm clothing. ﬂ
Thickclothes Thickclothing, MMIW

Figure 1. Trichotomic questions in which it is
possible to observe the system of co-surveyed
space. The questionnaire shows the single
column of answers given by the subjects
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A conventional spreadsheet offers high performance
and diversity of tools for capturing, manipulating, pro-
cessing and generating data graphs, so it is suggested to
use it in each of the stages mentioned. The table type for-
mat is commonly used to database capture; in this, each
row represents an evaluation and each column represents
an analyzed variable (CCPE, 2011).

[DATABASE PREPARATION

Stage that allows giving a preventive treatment to the
database in order to omit outliers that could affect the
results sought. If this procedure is omitted, the results
consistency due to the lack of treatment of erroneous
data (bias) is jeopardized (CCPE, 2011). The purpose of
this procedure is the review, validation and verification
of the information consistency obtained in field, in or-
der to get valid data that allow an accurate analysis of
the given population reality.

Atypical data, also known as outliers, are observa-
tions that deviate from other observations that arouse
the suspicion that they were generated by a different
mechanism, are those extreme values of some variable
that differ from the typical behavior of sample (Rodri-
guez et al., 2011; Lopez, 2011), although, it is possible
that these values are an indication that the data belong
to a different population than the established sample,
however, they are still considered outliers because they
are not part of the value’s regularity or homogeneity of
most of the sample data. The consequences of an outlier
can be serious and distort the results (inconsistency in
accuracy) or affect the normality of database (data co-
rrelation/dispersion) (Hawkins, 1980).

According to Bisbé (2011), the outliers from a data-
base can be treated in three ways: a) Substitution (repla-
cement by specific or average value), b) Omission (keep
the data but not use it for processing), and, c) Deletion
(delete the value, the records are nullified). In this sen-
se, for adaptive thermal comfort studies the omission,
and not the elimination, of those values that could affect
the results is recommended, since these could be useful
at another time to achieve different research purposes.
To do this, the steps for database cleaning are:

) Outlier detection (data inconsistent with the group
data homogeneity).

2) Omission of non-representative thermal sensation
categories (less than 5.0 % of total observations co-
llected).

3) Omission of thermal sensation categories with the
same value at physical variable (only for the Avera-
ges by Thermal Sensation Interval method).

OUTLIER DETECTION METHODS

There are various methods and procedures for treating
the outliers; however, this document describes those
used continuously in the different areas of knowledge:
Z-Score and Cuartil (Hernandez et al., 2017); additiona-
lly, a statistical basis method proposed by the authors
of this paper is presented: Weighted Hierarchy.

Z-SCORE

According to Hernandez et al. (2017), Z-Score method is
the measure that indicates the direction and degree to
which an individual value moves away from the mean,
in a category of standard deviation (SD). Nie et al. (1975)
mention that Z-score is commonly used to standardize
the category of a variable measured at an interval level.
Its formula is (1):

X-X
z= 1)
S
Where:
X  =the score or value to transform
X = the mean of the distribution to which the value

to be transformed belongs

s = the standard deviation of the distribution to
which the value to be transformed belongs, and z
is the transformed value into standard deviation
units

To use Z-score as a method to identify outliers, it is ne-
cessary that each value of the distribution be in the ran-
ge —3.0 SD to + 3.0 SD (Lépez, 2011).

As an example, Table 2 shows the thermal sensation
(TS) data collected, where the TS category used was
from 1 to 7 based on the seven points of thermal percep-
tion suggested in ANSI/ASHRAE 55 (2017).

Sample column contains the TS categories chosen by
the subjects during the evaluation, Z-Score column
shows the SD of each of the values concentrated in the
previous column, and Is it an outlier? column, specify if
the value is outlier; this, from Z-Score with an interval
of — 3.0 SD to +3.0 SD. In this case, none of the records
collected (with TS categories from 1 to 5) are considered
outliers.
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Table 2. Outliers” identification based on the Z-Score method

Sample (TS category) Z-Score (SD)

Is it an outlier? (— 3 SD > Z-Score > 3 SD)

1.76
0.79
0.79
0.79
0.79
0.79
0.79
0.79
0.79
-0.18
-0.18
-0.18
-0.18
-0.18
-0.18
-0.18
-0.18
-1.16
-1.16
-2.13
-2.13

RoR NN W W W W W W W W s R R R R R RGO

Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier

Non-outlier

QUARTILE

According to Sanchez (2007), quartiles are the three sta-
tistical measures of position that have the property of
dividing the dataset in four equal portions:

The first quartile Q, splits off the lowest 25 % of data
distribution from the highest 75 %.

The second quartile Q,, cuts dataset in half; is the equi-
valent to the dataset median.

The third quartile Q, splits off the highest 25 % of data
distribution from the lowest 75 %.

The general quartile formula for grouped data is (2):

(5 wa)w
Q=L+t —— @
Where:
L, =the lower limit of the quartile class

k  =the quartile

n = the observations number

Ma = the absolute frequency immediately below the
quartile class

w = the width of the class containing the quartile

mc = the frequency of the class containing the quartile

NIST/SEMATECH (2012) mentions that to use Quartile
as a method to identify outliers, it is necessary to calcu-
late the interquartile range (IQ) —difference between
the upper quartile Q, and the lower quartile Q,—, then,
continue with the following premises:

e Very outlier. When the analyzed data has a value
greater than Q, + 3.0 IQ (MaL,) or a value less than
Q, -3.01Q (MaL)).

o Slightly outlier. When the analyzed data has a value
greater than Q, + 1.5 IQ (AaL,) or a value less than
Q, - 1.51Q (AaL)).

e Non-outlier. When the analyzed data has a value bet-
ween AaL, and AaL..

Following the example of the previous section, the Ta-
ble 3 shows Sample column containing the TS categories
chosen in the thermal comfort study, Very outlier co-
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Table 3. Outliers’ identification based on the Quartile method

Sample (TS category) Very outlier (MaLi — MaLs)  Slightly outlier (AaLi — AaLs)  Is it an outlier? (AaLi > value > AaLs)
5 0.0-7.0 1.5-5.5 Non-outlier
4 0.0-7.0 1.5-5.5 Non-outlier
4 0.0-7.0 1.5-5.5 Non-outlier
4 00-7.0 1.5-55 Non-outlier
4 0.0-7.0 1.5-5.5 Non-outlier
4 0.0-7.0 1.5-5.5 Non-outlier
4 0.0-7.0 1.5-5.5 Non-outlier
4 0.0-7.0 1.5-5.5 Non-outlier
4 0.0-7.0 15-5.5 Non-outlier
3 0.0-7.0 1.5-5.5 Non-outlier
3 0.0-7.0 1.5-55 Non-outlier
3 0.0-7.0 1.5-5.5 Non-outlier
3 0.0-7.0 15-5.5 Non-outlier
3 0.0-7.0 1.5-5.5 Non-outlier
3 00-7.0 1.5-55 Non-outlier
3 0.0-7.0 1.5-5.5 Non-outlier
3 0.0-7.0 15-5.5 Non-outlier
2 0.0-7.0 1.5-5.5 Non-outlier
2 00-7.0 1.5-55 Non-outlier
1 0.0-7.0 1.5-55 Slightly outlier
1 0.0-7.0 1.5-5.5 Slightly outlier

lumn shows the MaL, and MaL, limits, Slightly outlier
column shows the AaL; and AaL, limits, and, Is it an
outlier? column defines whether each value contained
in the first column is or is not outlier (very outlier or
slightly outlier) depending on the value with respect to
the limits defined in the two previous columns. Accor-
ding to this method, only records with the TS category
equal to 1 are slightly outlier, since their numerical va-
lue is less than 1.5.

WEIGHTED HIERARCHY

Z-Score and Quartile methods determine the outliers of
a data universe from the distance that its value repre-
sents with respect to the normal distribution of the re-
cords; however, based on the TS subjective categories
on which the phenomenon of thermal comfort is sup-
ported (ANSI/ASHRAE 55, 2017), the criteria establis-
hed in this method to identify the presence or absence
of outliers in a database, are:

e The perceptual meaning that represents each of the
values used in the TS subjective category to evaluate
the environment acceptance conditions and, not so,
the numerical value interpreted by Z-Score and
Quartile in each TS category.

o The frequency with which each TS category is chosen
under the same, or similar, magnitude of physical
variable (set of observations generated at different
moments close to each other) and the proportion that
each of them represents with respect to the total opi-
nions collected.

In other words, the Weighted Hierarchy method bases
its criterion of outliers” identification on the meaning,
frequency and proportional representation of each TS
category, and not on the numerical value that each one
represents.

This method is based on the statistical measure of
the proportion, also known as relative frequency,
which, according to Ruiz (2004), is a summary measure
consisting of the number of times a value is presented
with respect to the total sample; this statistical measure
has the advantage of being applied in qualitative varia-
bles. Its general formula is (3):

p=4 ©)
n
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Where:

n; = the observations of interest (number of times the
same value is repeated in the sample)

n = the sample size (total number of observations)

P, = the weighted proportion representing the value

1

with respect to the total number of observations

So that the proportion to be applied as a method of iden-
tifying outliers, some adjustments must be made and
some application conditions clarified:

e The values used to describe the sample data are
from 1 to 7 (adaptation of TS scale contained in
ANSI/ASHRAE 55 (2017), 1 = Cold and 7 = Hot).

e The criterion adopted to determine outliers is to ob-
tain a value of less than 0.1429 (1/7 of the total sam-
ple size) when applying the proportion equation to
each observation set that have chosen the same TS
category. This based on the assumption that, under
hypothetically homogeneous conditions, the mini-
mum number of subjects that has chosen each of the
seven TS categories is 1/7 of the studied sample.

e Qutliers’ identification is realized from an evaluations
series carried out in close proximity to each other,
whose magnitude of the physical variable is the same
or similar between them. This allows to identify quic-
Kkly, efficiently and accurately, the atypical observa-
tions, e.g.

Following the example of the previous sections, the Ta-
ble 4 shows the Sample column containing the TS cate-
gories chosen in the thermal comfort study; Proportion
column shows the proportion that each of these catego-
ries represents with respect to the observations total,
and the Is it an outlier? column defines, from a value less
than 0.1429 in the Proportion column, if each value of the
first column is an outlier.

This procedure allows to obtain greater consistency
in the outliers’ classification, therefore, it determines
that the TS categories that only have one or two respon-
ses (categories 1, 2 and 5) are atypical with respect to
the total observations collected, which allows data pro-
cessing only with the observations of the TS categories
that reflect the highest frequency (categories 3 and 4).

OMISSION OF NON-REPRESENTATIVE THERMAL
SENSATION CATEGORIES

It refers to the non-consideration of those observations
of a same TS category that don’t represent even 5.0 %
of observations collected throughout the study period.
The foregoing indicates that, unlike the outliers” omis-
sion that is carried out by a set of observations collec-
ted in close moments with each other, the omission of
non-representative TS categories is applied per study
period.

Percentage value derives from the confidence inter-
val commonly used in the different areas of knowledge

Table 4. Outliers’ identification based on the Weighted Hierarchy method

Sample (TS category) Proportion (Pi= xi /n)

Is it an outlier? (Pi< 1/7)

0.05
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.10
0.10
0.10
0.10

o= RN W W W W W WwWwwwks ks ReO

Outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier
Non-outlier

Outlier

Outlier

Outlier

Outlier
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for the design of population sample, so it can be conside-
red as the buffer interval that allows defining the level of
confidence (certainty) with which it would be presumed
that the answers given by the evaluated sample would
be entirely based on the recorded magnitude of the
analyzed variables (Creative Research Systems, 2010).

It is worth mentioning that this filter does not
always represent a benefit in the expected results, the-
refore, while with Average by Thermal Sensation Interval
method the coefficient of determination (+°) is increa-
sed, with Simple Linear Regression method the coefficient
of determination usually decreases.

OMISSION OF THERMAL SENSATION CATEGORIES WITH SAME VALUE
AT PHYSICAL VARIABLE

As anticipated, this filter only applies to Averages by
Thermal Sensation Interval method (ATSI; or, MIST for its
acronym in Spanish), because it is the one that uses the
standard deviation to estimate comfort ranges.

According to Ruiz (2004), the standard deviation
(SD) is the measure of the degree of dispersion of a data
set with respect to its average value; it is defined as the
square root of the variable’s variance and can be signifi-
cantly influenced by outliers. To calculate the SD it is
necessary to have a dataset of at least two values.

In adaptive thermal comfort studies, some extreme
TS categories (1, 2, 6 and/or 7 of the TS scale) may have
equal or close values in the magnitude of the physical
variable recorded, by virtue of being carried out in im-
mediate evaluation moments throughout the study pe-
riod, so that the oscillation of this variable is null or
reduced. In this sense, with the use of ATSI, the above
scenario implies certainty in the neutral value; not so, in
that of the comfort ranges, since, it is impossible to cal-
culate any SD that allows obtaining the linear regres-
sions of which these values are defined. Although the
linear regression of the means is consistent, the linear
regressions of the comfort ranges are affected by the
equality or proximity presented by the magnitude of
the physical variable, which results in a decrease in the
coefficient of determination for these latter cases.

Therefore, it is suggested to omit the TS categories
with the same or close magnitude in physical variable,
in order to avoid inconsistencies or possible errors of
interpretation in the results.

[DATA CORRELATION

To carry out the correlation and data analysis, two sta-
tistical methods of univariate correlation are described,
and a method of ANSI/ASHRAE 55 (2017):

e Simple Linear Regression method (Cardona, 2013;
Kelmansky, 2010; Martinez, 2005; Levin & Rubin,
2004).

e Average by Thermal Sensation Intervals method
(GOmez et al., 2007b).

e ANSI/ASHRAE 55 (2017) method.

SIMPLE LINEAR REGRESSION METHOD

Linear regression is a statistical technique used to iden-
tify the relationship between variables. It is used in so-
cial research to predict a phenomenon, from economic
measures to different aspects of human behavior.

According to Cardona et al. (2013) simple linear re-
gression (SLR) allows quantifying the relationship bet-
ween a dependent variable (Y, endogenous or criterion)
and an independent variable (X, exogenous or predic-
tor), exposing it in a linear equation that allows predic-
ting the relationship. It is about finding the middle line
that synthesizes the dependence between the variable Y
and the X, in order to explain the cause of the depen-
dent variable and predict the future values of Y for va-
lues given in X (Martinez, 2005).

Relationship between the two variables is described
by the linear equation (4) (Kelmansky, 2010):

y=a+pPx+e 4)
Where:

a + fx = the unknown parameters to estimate
¢ = the error in predicted parameters
y = the variable to predict

The dependent variable Y is linearly related to the inde-
pendent variable X, plus an error that addresses the va-
riability in Y that cannot be explained with the linear
relationship. Cardona et al. (2013) mention that there
are measures to determine the degree of relationship
between the two variables: Coefficient of determination
() and correlation coefficient (r).

Coefficient of determination is a standardized mea-
sure that indicates the relationship between the two va-
riables in 0 to 1 range; 0 means total independence
between the variables and 1 means the perfect relation-
ship between them (Kelmansky, 2010; Martinez, 2005;
Levin & Rubin 2004). Based on Kelmansky (2010), the
general equation (5) of 7 can be expressed as:

, _2(0-7)
IR0z
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Where:

Numerator = variation explained
Denominator = total variation

7’ = coefficient of determination

A typical error in the interpretation of 7 is the lack of
consideration of the sample size, which usually varies
inversely. It is enough to consider a small number of
observations so that 7 gets a value close to 1, without
evidencing the existence of a marked linear relations-
hip between two variables (Martinez, 2005).

On the other hand, correlation coefficient is a mea-
sure used to describe how one variable explains to the
one (Cardona et al., 2013). It is expressed as the square
root of the coefficient of determination (6):

r= (bsign)r? ©)
Where:

(b sign) = the b sign according to direct (+) or inverse (-)
relationship

r? = the coefficient of determination, and r is the correla-
tion coefficient

Correlation coefficient measures the relationship inten-
sity between the two variables in — 1 to 1 range; in both
cases there is an intense relationship, negative and po-
sitive respectively, as the value approaches to 0, the re-
lationship weakens until it is lacking (Cardona et al.,

2013). In adaptive thermal comfort studies, the disper-
sion diagram is made up from the data pairs collected
in the site evaluations: Independent variables are the
physical variables recorded (WBT, BGT, RH and WS)
and dependent variables are TS votes given by the stu-
dy subjects. The dispersion diagram is generated from
TS votes on Y axis and physical variables on X axis (Kel-
mansky, 2010).

Thermal comfort studies objective is not to know the
TS response of study subjects from certain environmen-
tal physical conditions, but to estimate the thermal
comfort from each of the physical variables that interve-
ne in the subjects thermal perception, so it is advisable
clear to X from the linear function obtained by the re-
gression line and substitute to Y for a value equal to 4 (TS
category equivalent to neutral level) to obtain the comfort
value of the physical variable analyzed. Likewise, to esti-
mate the comfort range limits, Y must be substituted for
3.5 and 4.5 according to Gonzalez & Bravo (2003), or, 3.0
and 5.0 according to Fanger (1972) (Figure 2).

Some advantages of using this statistical method are:

Estimation of a neutral value and a comfort range.

Statistical consistency in the correlation of any physi-
cal variable registered with the perceived TS, to esti-
mate the neutral value and comfort ranges. However,
this consistency is reduced if the correlation is made
with comfort votes other than the TS, e.g.: Hydric sen-
sation, thermal preference, hydric preference, wind
sensation, wind preference and personal acceptance.

ANALYSIS OF DRY BULB TEMPERATURE - THERMAL SENSATION

(Activity level: 3, EPR processed: 360)

Thermal comfort
3.5 4.0 4.5
Limits Lower Neutral Upper
18.62 21.84 25.07 r2= 0.4904
-3.22 3.22 r= 0.7003

DRY BULB TEMPERATURE - THERMAL SENSATION
(Activity level: 3, EPR processed: 360)

6 Qo
- y =0.1551x + 0.6109
o r = 0.4904
=
<
wv
2
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Figure 2. Data correlation example by the
simple linear regression method
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Likewise, the disadvantages of using this statistical
method are:

Comfort range estimate is at the analyst’s criteria
and is usually modeled equidistant to the comfort
value.

Coefficient of determination value is below 0.5,
which, in thermal comfort studies, corresponds to a
low correlation and a high dispersion in the sample.

AVERAGES BY THERMAL SENSATION INTERVAL METHOD

This statistical method was proposed by Gomez et al.
(2007b), based on Nicol’s (1993) proposal for asymme-
tric climates, where the thermal comfort range limits
aren’t equidistant to neutral temperature. The method
consists in using the descriptive statistics to estimate
the neutrality value and the comfort ranges of the phy-
sical variable analyzed from the comfort votes expres-
sed by the study subjects. In Figure 3 a general diagram
of the data processing can be seen from the use of the
mentioned method.

According to this diagram (Figure 3), the procedure
that describes each of the stages is as follows:

1. Conformation of a database from the values obtai-
ned in field. Each data pair consisting of a comfort
vote and a physical variable magnitude, it can be
identified interchangeably as Observation or
Environment’s Perceived Response (EPR).

2. Grouping of EPRs from the TS category registered.
According to Gomez et al. (2009) and Bojorquez (2010),

Physical variable analysis by TS

it is recommended that at least 120 observations be
collected each study period in order to get sufficient
statistical consistency in data processing.

Database preparation: a) Treatment of outliers, b)
omission of TS categories below 5.0 % representative-
ness, and, ¢) omission of TS categories with same va-
lue at physical variable.

From the physical variable values grouped by TS ca-
tegory, the arithmetic mean is calculated, which,
when is plotted with the corresponding TS category,
forms the necessary dispersion diagram to generate
the linear regression (average SLR) which allows to
estimate the neutral value (Figure 4).

From the physical variable values grouped by TS
category, the SD is calculated (Figure 4).

For each ST category, add and subtract one SD (+ 1
SD) from the arithmetic mean. The values obtained,
together with the ST category to which they belong,
make up the dispersion diagram that generates the
linear regression SLR (+ 1 SD) with which the redu-
ced comfort range limits are estimated. The proce-
dure 1is repeated with the addition and
subtraction of two SD (+ 2 SD) to form the disper-
sion diagram with the linear regression (SLR + 2 SD)
that estimates the extensive comfort range (Figure 4).
Estimation of neutral value and comfort ranges as
follows:

a) Neutral value = Abscissa resulting from the

crossing of the average SLR with the TS category
number 4.

Extensive comfort range

I 1
1 1
: category 1 Reduced comfort range
— I y
‘]GroupingofEPRsfmmtheTS ' Database preparation “: +25D 1 - Tn+25D
= J'l:ategorv registered with them _J (Resulting sample greater than 120 " +15D 1 | S;::::;: \|Tn+1sSD
w ) A\ 1 \
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Figure 3. General diagram of the data processing based on the ATSI statistical method (Source: Own elaboration

based on Bojérquez, 2010)
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ANALYSIS OF DRY BULB TEMPERATURE - THERMAL SENSATION
(Activity level: 3, EPR processed: 347)

TS category Scale -25SD -15D Mean +15D +2 SD
Hot 7
Warm 6 26.05 26.83 27.62 28.40 29.18
Slightly warm 5 21.80 24.08 26.35 28.62 30.90
Neutral 4 16.98 19.41 21.83 24.26 26.68
Slightly cool 3 15.86 17.72 19.57 21.42 23.28
Cool 2
Cold 1
Equiation y=0.27x-091 |y=0.30x-2.18 |y=0.33x-3.48 |y =0.35x -4.47 |y = 0.33x -4.68
r? 0.9490 0.9720 0.9589 0.8837 0.7316
Neutral 18.31 20.36 22.35 24.25 26.01
Limits -4.04 -1.99 1.90 3.66
DRY BULB TEMPERATURE - THERMAL SENSATION
(Activity level: 3, EPR processed: 347)
7 -,
6 -

y =0.3345x - 3.4761
r* = 0.9589

THERMAL SENSATION
~
1

-(—)' Reduced comfort range (3.9 K)

2 -
(—-—-—) Extensive comfort range (7.7 K)
1 T T T I- . : T T T T T
0 5 10 15 20 25 30 35 40 45 50
DRY BULB TEMPERATURE (°C)
2 -2D5 @ -1Ds ® Mean ® +1D5 @ +2D5 Figure 4. Data correlation example by the

Lineal (-2 DS) =——Lineal (-1 DS) ewmm|ineal(Mean) =—Lineal(+1 DS) Lineal (+2 DS) ATSI method

b) Reduced comfort range’s upper limit = Abscis-

sa resulting from the crossing of the SLR + 1 DS / \

with the TS category number 4.

¢) Reduced comfort range’s lower limit = Abscis-
sa resulting from the crossing of the SLR — 1 DS
with the TS category number 4.

d) Extensive comfort range’s upper limit = Abs- 33.13% | 34.13%
cissa resulting from the crossing of the SLR + 2 DS 13.59 % 13.59 %
with the TS category number 4. 21 7%
e) Extensive comfort range’s lower limit = Abs- 3SD -2SD  -1SD  Mean +1SD +2SD +3SD
cissa resulting from the crossing of the SLR - 2 DS ’ > e8.26%

. » 9545% <
with the TS category number 4. > 9974% <

Figure 5. Standard deviation ranges for normally distributed data
According to Reynaga (2011), for normally distributed (Source: Own elaboration based on Reynaga, 2011)

data, the range of + 1 SD includes 68.26 % of the an-

swers given by the study subjects, the range of + 2 SD 8. Obtaining the coefficient of determination (r°) and
includes 95.45 % of them, and, the range of + 3 SD inclu- the linear equation (y = a + x) of each SLR genera-
des 99.74 % (Figure 5). For non-distributed data, this ted, in order to validate the correlation between the
percentage may vary, so it is recommended to obtain as two variables. According to Bojorquez (2010), the
many responses as possible in field studies to get a nor- certainty of this method is based on the value obtai-
mal distribution. ned in 7 of the average SLR (Figure 4).

INGENIERIA INVESTIGACION Y TECNOLOGIA, volumen XXIV (nGmero 1), enero-marzo 2023: 1-17 ISSN 2594-0732 FI-UNAM 11



https://doi.org/10.22201/fi.25940732e.2023.24.1.002

BASIC METHODS USED FOR DATA ANALYSIS IN ADAPTIVE THERMAL COMFORT STUDIES

In this studies type it is common that the analyzed
sample to be obtained from a statistical design
applied to the target population, so the amount of
observations obtained consistently represents it. In
this sense, Bojorquez (2010) mentions that 7 is the
one who identifies the dispersion degree of the TS
responses given with respect to the physical varia-
bles recorded; therefore, based on different authors
(Gomez et al., 2009; Humphreys et al., 2007; Ruiz,
2007; Nikolopoulou, 2004; Bravo & Gonzalez, 2003;
de Dear et al., 1997; Nicol et al., 1993; Auliciems,
1981, Humphreys, 1976; Bedford, 1936), the fo-
llowing criteria are established to determine the re-
lationship degree between the variables:

e If+>0.9 the correlation is very high, so there is
certainty in the responses concentration; If 0.7 <7
<0.9 the correlation is high, the sample is poorly
dispersed.

e If0.5 <+ <0.7 the correlation is mean, the sam-
ple has a moderate concentration.

e If+<0.5 the correlation is low, with a high dis-
persion degree in the sample.

9. Phenomenological (or circumstantial) analysis of
each value obtained, from the graphic and matrix
resources generated with this method, in order to
visualize and substantiate the thermal adaptation
that the studied sample achieves in each evaluation
period.

In asymmetric distributions, it is recommended to use
the median and, therefore, add or subtract the SD from
it (Bojorquez, 2010).

According to recent thermal comfort studies (Rin-
con, 2019; Gonzalez, 2012; Martinez, 2011; Bojorquez,
2010; Gémez et al., 2007a; Hernandez & Gomez, 2007),
the advantages identified with the use of ATSI method
are:

e Greater consistency in the results obtained and a
coefficient of determination close to the unity.

e A neutral value and two comfort ranges are estima-
ted:

a) Reduced comfort range. It considers 68.26 % of
the EPR obtained in the studies.

b) Extensive comfort range. It involves 95.45 % of
the subjects evaluated.

e Comfort ranges are not generally equidistant to
neutral value, adapting more precisely to the envi-
ronmental conditions given in the study place. This

characteristic differs from that observed with the li-
near regression method, where the comfort range is
equidistant to neutral value.

e The average SLR’s 7 is usually close to unity, which
allows, according to Bojorquez (2010), to be certain
of the degree of relationship between both variables.

e A phenomenological interpretation can be obtained
from the five SLRs generated; for example, when the
7’ value is higher in the lower limits of the comfort
ranges, greater human adaptation to thermal condi-
tions below the neutral value can be interpreted.
Additionally, from the dispersion diagram it can be
interpreted that the closer the data pairs are plotted
by TS category, is lower the human adaptation, and,
the greater the dispersion, is greater the human
adaptation.

e Neutral value estimated with this method is very
close to neutral temperature (Tn) obtained with the
Auliciems & Szokolay’s (1997) linear equation,
which allows bioclimatically validating the result,
unlike that obtained with the simple linear regres-
sion method, which usually results in a significant
thermal difference from the reference cited.

However, the disadvantages that this method presents
are:

e The five SLRs obtained are the product of a reduced
data set (maximum seven pairs of data, the equiva-
lent to the seven TS categories), so the value of their
7 is close to the unity.

e Linear regression is not always adequate to plot the
SLR + 1 DS and/or + 2 DS, since sometimes a clear
curve trend can be observed between the plotted
dispersion points, indicating that some other regres-
sion type should be used.

e When in a TS category the physical variable magni-
tudes are close to each other or have the same value
(usually in the extreme TS categories), the disper-
sion diagram usually alters the regression lines sig-
nificantly and, consequently, the expected results.

The main difference between the ATSI method and SLR
method is that, before obtaining the regression line that
characterizes the studied sample, the EPRs that coinci-
dein a TS category are grouped in order to calculate the
arithmetic mean and the standard deviation of the phy-
sical variable magnitudes. Thus, linear regression does
not derive from all the sample data pairs, but only from
the mean values (and the addition and subtraction of
one and two SD) from each TS category involved in the
analysis.
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ANSI/ASHRAE 55 METHOD

This method is only valid for naturally ventilated in-
door spaces, where subjects carry out sedentary activi-
ties (1.0 met to 1.3 met) and have the possibility of
adapting their clothing and immediate environment
(from the closing or opening of windows, e.g.) to solve
the thermal needs of their space (ANSI/ASHRAE 55,
2017).

Itis based on a thermal comfort diagram defined for
study cases with similar characteristics to those mentio-
ned above (Figure 6). In it, the outdoor ambient tempe-
rature (abscissa) and the indoor operative temperature
(ordinate) are plotted to know if the study subjects are
in thermal comfort conditions.

For this, the diagram allows to visualize, from two
thermal comfort zones, the permissible temperature for
indoor spaces: The first marks the acceptable condi-
tions for 80.0 % of the subjects and, the other, for 90.0 %
from them. The limits that define the first zone are for
everyday applications and should be used when there
is no additional information available; meanwhile, it is
possible to use the limits of the second zone when more
precise thermal comfort is desired (ANSI/ASHRAE 55,
2017).

Comfort range is plotted at + 3.5 °C of the neutral

value for 80.0 % acceptance, and at + 2.5 °C for 90.0 %
acceptance. To avoid uncertainty in the results obtai-
ned, it’s invalid to extrapolate the permissible tempera-
ture limits to areas outside the marked limits.
The diagram considers the adaptation of people’s
clothing in naturally conditioned spaces to relate the
indoor thermal comfort range with the outdoor climate,
so itisn't necessary to estimate the clothing values used
in the space. Similarly, the relative humidity and wind
speed limits aren’t necessary with the use of this
method.

ANALYSIS OF OUTDOOR DRY BULB TEMPERATURE - INDOOR DRY BULB TEMPERATURE
(Activity level: 3, EPR processed: 360)

ACCEPTABLE THERMAL RANGE

(Activity level: 3, EPR processed: 360)
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Figure 6. Data correlation example by the ANSI/ASHRAE 55
(2017) method

REesuLts

The three methods presented in this document were
applied to a specific case study in order to find the par-
ticularities that each one offers both in the data correla-
tion stage, and in the estimation of results, so the values
below presented (neutral temperature and thermal
comfort ranges) should only be considered as referen-
ces for this purpose.

Case study was in Pachuca city, Hidalgo, whose
bioclimate is semi-dry, with an annual temperature of
14.3 °C, an annual relative humidity of 62.6 % and an
average wind speed of 2.7 m/s from the N and NE (Rin-
con, 2019). Study sample was young adults between 15
and 24 years old, residents of Pachuca city, with predo-
minantly sedentary physical activity (1.2 met, accor-
ding to ISO 8996, 2004), moderate clothing (1.0 clo,
according to ANSI/ASHRAE 55, 2017) and active attitu-
de to solve their thermal requirements in naturally ven-
tilated buildings. The statistical analysis was applied to
the thermal transition between the cold and warm pe-
riods of this city.

With SLR method a comfort temperature of 21.8 °C
and a thermal comfort range of 18.6 °C to 25.0 °C were
obtained, equivalent to equidistant thermal amplitude
of +3.2 K (see Figure 2). According to Bojorquez (2010),
the correlation is low because the 7* was 0.49, since with
this method all data pairs of the linear regression from
which is obtained both neutral temperature and
comfort thermal range are considered. To estimate the-
se results, the outliers were omitted with the Weighted
Hierarchy method, so that of 397 EPRs collected; only
360 EPRs were processed (Figure 7).

THERMAL COMFORT ESTIMATED FROM THE SLR AND ATSI METHODS
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Figure 7. Thermal comfort ranges estimated from the RLS and
ATSI methods (Source: Own elaboration)

With ATSI method, the neutral temperature was esti-
mated at 22.3 °C with a reduced comfort range of
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20.4 °C to 24.2 °C and an extensive comfort range of 18.3
°C to 26.0 °C; in both cases, the amplitude was not equi-
distant to neutral temperature, with — 2.1 K and +1.9 K
for reduced range and - 4.0 K and +3.7 K for extensive
range (see Figure 4). As can be seen, numerically and
graphically, the amplitude show to greater psychophysio-
logical adaptation to temperatures below neutral than
at temperatures above this; natural characteristic in hu-
man adaptation according to hygrothermal conditions
present in the study period (thermal transition period)
and subjects thermal history when leaving the cold pe-
riod and approaching the warm period. According to
Bojérquez (2010), the correlation is very high because
the 7> was 0.96, a value above that obtained with the
SLR method, since in this case, 7* is obtained from a re-
duced data set that is generated with the unique data
pair presented by each TS category involved in statisti-
cal analysis. To estimate these results, the outliers were
omitted with the Weighted Hierarchy method, as well
as the TS categories with representativeness below
5.0 % of the total EPR, so from 397 EPRs collected, only
347 EPRs were processed (Figure 7).

Figure 7 shows the thermal comfort values estima-
ted from the RLS and ATSI methods; here you can see
the thermal differences obtained depending on the
analysis method used.

With the ANSI/ASHRAE 55 (2017) method it was only
possible to determine, based on the evaluation thermal
conditions, whether the subjects were in thermal comfort
according to the pre-established areas in the diagram.
With this, in Figure 6 it is possible to observe that a signi-
ficant percentage of subjects evaluated were in thermal
comfort, some close to the range lower limit that determi-
nes the acceptable conditions for 80.0 % of subjects.

The points plotted to the left of the diagram corres-
pond to the subjects evaluated in the morning, while
the points plotted to the right of the diagram corres-
pond to those evaluated in the evening; this is why the
dispersion diagram is fragmented at both ends. To
analyze the data with this method, the outliers were
omitted with the Weighted Hierarchy method, so that
of 397 EPRs collected; only 360 EPRs were plotted.

DiscussioNn

With SLR method, the comfort range amplitude is
usually equidistant to the neutral temperature by the
analyst’s criteria, since the thermal range limits are ob-
tained with the crossing of the regression line and the
values 3.5 and 4.5 on the ordinates (Gonzalez & Bravo,
2003). In this case, the data correlation is usually low
(Bojorquez, 2010) because the linear regression is obtai-
ned from the complete data set.

On the other hand, with ATSI method is possible to
notice, firstly, the estimation of two thermal comfort
ranges, subsequently, the possibility of a phenomeno-
logical interpretation depending on the causal disposi-
tion of each generated linear regression. In this case, the
data correlation is usually very high (0.9<#* <1.0, accor-
ding to Bojorquez, 2010) because each linear regression
is obtained from a maximum set of seven pairs of data.

SLR and ATSI methods allow correlating any
comfort vote collected in the field studies with any ther-
mal environment physical variable recorded simulta-
neously; that is, with both methods, the sensation and
preference (thermal, hygric and wind, as well as perso-
nal acceptance of space and mood derived from envi-
ronmental conditions) obtained as part of the thermal
environment’s subjective perception, can be correlated
individually and interchangeably with each of the phy-
sical variables recorded during the evaluation (dry bulb
temperature, black globe temperature, relative humidi-
ty, wind speed and any recorded variable of the ther-
mal environment), in order to find the degree of
association and dependence between both variables
and explain the influence of one with respect to the other.

Regarding the ANSI/ASHRAE 55 (2017) method, it is
only possible to correlate two physical variables of the
thermal environment (one indoor and one outdoor), be-
cause the thermal comfort range is already defined for
specific study cases: Naturally ventilated indoor, where
subjects carry out sedentary activities (1.0 met to 1.3 met)
and have the possibility of adapting their clothing level
and immediate environment (from the closing or ope-
ning of windows, e.g.) to solve their thermal require-
ments. With this method it is not possible to estimate the
neutral temperature and the thermal comfort range;
however, it allows the possibility of knowing if the stu-
died sample is in thermal comfort, or not, from the
comfort zone previously defined. Based on the comfort
zone shape, it is possible to notice a range of comfort
equidistant to neutral temperature, since the comfort
zone cross section is uniform along its length.

As a complementary resource to this paper, a perso-
nalized spreadsheet that allows the correlation of the
data pairs collected in field studies (comfort vote and
registered physical variable) from the statistical
methods described above is attached, so that another
researchers related to this topic can used it extensively
in their studies. The personalization of the spreadsheet
is based on Visual Basic programming that allows, in
addition to processing the data with a couple of clicks,
to offer numerically and graphically the neutral value
and comfort ranges, according to the variables selected
to statistically process the data. Derived from the coun-
try where the spreadsheet was developed (Mexico), the
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presentation language is Spanish. The database, the es-
timated values and the graphs presented, correspond
to the case study described in the results.

CONCLUSIONS

The procedure presented is based on statistical methods
or models already established and used in different
areas of knowledge. Undoubtedly, there are numerous
procedures to statistically process a database; however,
the one presented here adapts more flexibly to adaptive
thermal comfort studies.

According to different thermal comfort studies
(Rincdn, 2019; Gonzélez, 2012; Martinez, 2011; Bojor-
quez, 2010, Gomez et al., 2009; Gomez et al., 2007a; Go-
mez et al., 2007b; Hernandez & Gémez, 2007; Ruiz,
2007), it is possible to identify that the ATSI method,
proposed by Gomez et al. (2007b), offers results with
greater consistency regarding the thermal sensation
and subjects personal behavior, because its causal and
phenomenological correspondence with the hygrother-
mal conditions presented during the evaluation. This
consistency is observed with the values obtained in the
coefficient of determination and the slope of the line. In
addition, with the ATSI method it is possible to estimate
the neutral value and two comfort ranges (extensive and
reduced) of the analyzed physical variable that, not ne-
cessarily, are equidistant from the neutrality value (Bojo-
rquez, 2010).

In this sense, the SLR method also allows estimating
the neutral value of the analyzed variable and a comfort
range, however, the latter is at the analyst’s criteria and
is usually modeled equidistant from the neutral value.
On the other hand, with the ANSI/ASHRAE 55 (2017)
method it is not possible to estimate thermal comfort
from data collected in the field, it is only possible to
know if the study subjects are, or not, in thermal
comfort conditions.

In addition, it was observed that the values estima-
ted with the ATSI method are consistent regardless of
the comfort vote and the correlated physical variable,
while with the other methods, the consistency of the re-
sults is limited only to the thermal analysis. Another
advantage of the ATSI method is that the comfort ran-
ges limits are not necessarily equidistant from the neu-
tral value; these are periodically adjusted based on the
acclimatization that individuals adopt throughout the
year. This is probably due to the phenomenological
effect that it is possible to represent and interpret with
this method, when estimating the comfort ranges with
the addition and subtraction of standard deviations
who consider the representativeness of the different
manifestations of environmental adaptation that the

subjects have against the changing conditions of the
thermal environment.
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