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DESTAQUES 

 

1. O trabalho sedentário é um risco emergente para a segurança ocupacional. 

2. A revisão de escopo identificou 39 artigos científicos revisados por pares avaliando 

experimentalmente a sensação térmica e o conforto térmico. 

3. A revisão de escopo demonstrou que as normas existentes não prevêem adequadamente a 

mudança do conforto térmico em longos tempos de exposição, quando aspetos 

multissensoriais são considerados e quando diferentes populações são consideradas. 

4. Os ensaios laboratoriais demonstraram diferença estatisticamente significativa entre a 

sensação térmica e o conforto térmico de homens e mulheres. 

5. Um modelo de regressão linear múltipla para a previsão do conforto térmico foi elaborado 

considerando como preditores o tempo de exposição, a sensação térmica, a aceitabilidade 

do ambiente térmico e a sensação de desconforto. 

 

 

HIGHLIGHTS 

 

1. Sedentary work is an emerging risk for occupational safety. 

2. The scoping review identified 39 peer-reviewed scientific articles experimentally evaluating 

thermal sensation and thermal comfort. 

3. The scoping review has shown that existing standards do not adequately predict changes in 

thermal comfort over long exposure times, when multisensory aspects are considered and 

when different populations are considered. 

4. Laboratory tests showed a statistically significant difference between thermal sensation and 

thermal comfort of men and women. 

5. A multiple linear regression model for the prediction of thermal comfort was developed 

considering as predictors the exposure time, the thermal sensation, the acceptability of the 

thermal environment and the sensation of discomfort. 
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RESUMO 

 

Este trabalho avalia a sensação térmica e o conforto térmico durante a realização de atividades 

sedentárias em condições climáticas interiores, homogêneas e estacionárias. Para a 

contextualização teórica do trabalho, foi elaborado um protocolo de revisão para a realização de 

uma revisão de escopo (scoping review) da literatura científica. O protocolo de revisão foi 

elaborado com base na metodologia PRISMA-P (Preferred Reporting Items for Systematic Review 

and Meta-Analysis protocols). A revisão de escopo teve como referência metodológica o 

PRISMA-ScR (PRISMA Extension for Scoping Reviews). 

Para a avaliação experimental da sensação térmica e do conforto térmico, foram realizados ensaios 

laboratoriais em uma câmara climática, simulando atividades que caracterizam o trabalho 

sedentário em um escritório (1.2 met). Os participantes foram expostos durante 90 minutos a 

temperaturas de 22°C e humidade relativa de 40% e nível de isolamento térmico do vestuário de 

0.84 clo. A cada 30 minutos, a sensação térmica, o conforto térmico, a aceitabilidade do ambiente 

térmico e a preferência dos participantes foram avaliados subjetivamente através de questionários. 

Fotos termográficas foram realizadas após o período de aclimatação (30 minutos) e ao final da 

exposição (90 minutos). 

No total, 32 pessoas participaram dos ensaios laboratoriais, das quais 17 eram homens e 15 eram 

mulheres. A idade média dos participantes foi de 32.57 ± 5.92 anos, a altura de 168.7 ± 8.3 cm e 

o peso de 69.577 ± 13.587 kg. Além destes parâmetros, também foram analisados o percentual de 

gordura corporal, o índice de massa corporal e a taxa metabólica basal. Todos os participantes 

eram saudáveis e não faziam uso de medicação no momento dos ensaios. 

Os resultados demonstraram que há variação da sensação térmica e do conforto térmico ao longo 

do tempo. Além disso, a aceitabilidade do ambiente térmico e a preferência do ambiente térmico 

também foram alteradas. O número de participantes reportando uma sensação de desconforto 

térmico local também aumentou ao longo do tempo. Como principais alterações fisiológicas, 

observou-se o aumento da pressão arterial e a redução dos batimentos cardíacos ao longo do tempo. 

Homens e mulheres avaliaram diferentemente o ambiente a que estão sujeitos. O peso, o índice de 

massa corporal e a taxa metabólica basal foram os parâmetros que mais afetaram a sensação 

térmica e o conforto térmico ao longo do tempo. 

  

Palavras-chave: sensação térmica, conforto térmico, trabalho sedentário, revisão de escopo, 

câmara climática 
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ABSTRACT 

 

This work evaluates the thermal sensation and thermal comfort during sedentary activities in 

indoor, homogeneous, and stationary microclimatic conditions. For a theoretical background of 

the work, a scoping review of the scientific literature was performed. To that end, a review protocol 

was developed following the PRISMA-P guidelines (Preferred Reporting Items for Systematic 

Review and Meta-Analysis protocols). The methodological reference for the scoping review was 

the PRISMA-ScR (PRISMA Extension for Scoping Reviews). 

Experimental tests for the assessment of thermal sensation and thermal comfort were performed 

in a climatic chamber, simulating activities that characterize the sedentary work in an office 

(1.2 met). Participants were exposed for 90 minutes to 22°C and 40% relative humidity, while the 

clothing insulation was 0.84 clo. Every 30 minutes, the thermal sensation the thermal comfort, the 

acceptability of the thermal environment, and the preference of the thermal environment were 

assessed subjectively through questionnaires. Thermographic photos were taken after the 

acclimatization period (30 minutes) and at the end of the exposure (90 minutes). 

In total, 32 people participated in the study, of which 17 were men and 15 were women. The 

average age of the participants was 32.57 ± 5.92 years, the height of 168.7 ± 8.3 cm and the weight 

of 69.577 ± 13.587 kg. Besides these parameters, the body fat percentage, the body mass index, 

and the basal metabolic rate were also assessed. All participants were healthy and did not take 

medication at the time of the trials. 

The results showed that there is a variation in thermal sensation and thermal comfort over time. In 

addition, the acceptability of the thermal environment and the preference of the thermal 

environment have also changed. The number of participants reporting local thermal discomfort 

also increased over time. The main physiological changes were the increase in blood pressure and 

the reduction in heart rate over time. Men and women assessed the environment to which they are 

subjected differently. Weight, body mass index and basal metabolic rate were the parameters that 

most affected thermal sensation and thermal comfort over time. 

  

Keywords: thermal sensation, thermal comfort, sedentary work, scoping review, climatic chamber 
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1 INTRODUCTION 

1.1 The thermal environment 

Humans are highly sensitive to thermal conditions, which affect the physiological state, mood, and 

behavior of individuals (Parsons, 2003). The body core temperature of humans is regulated 

through ‘heat homeostasis’ to remain in the range of 37.0±0.5°C to ensure the maintenance of 

biochemical and cellular processes (Youle, 2005). Thermal stress may affect cognitive 

performance (Allan, 1973; Vasmatzidis, 2003) and the health of the exposed individuals (Nastos 

and Matzarakis, 2012), which are predictor factors for reduced work efficiency and productivity. 

According to Fanger (1970), the purpose of the thermoregulatory system is to maintain constant 

internal body temperature. Therefore, in a condition of exposure to a constant thermal 

environment, with a constant metabolic rate, different heat transfer mechanisms with the human 

body and the environment are established to maintain constant the body’s core temperature, as 

shown in Figure 1 (Youle, 2005). 

 

Figure 1 – Heat transfer mechanisms for the human body. Source: Youle (2005). 

In this condition, the heat production equals the heat dissipation and there is no significant heat 

storage in the body, as defined in Equation 1 (Fanger, 1970). In Equation 1, all terms are expressed 

as rates of heat production or loss (in Js-1 or W). to support the addition of its terms. However, 

energy fluxes are traditionally standardized over persons of different sizes by considering Watts 

per square meters of the total body surface area (Wm-2) (Parsons, 2003). 

𝐻 −  𝐸𝑑 − 𝐸𝑠𝑤 − 𝐸𝑟𝑒 − 𝐿 = 𝐾 = 𝑅 + 𝐶 (1) 

Where: 
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 H: the internal heat production in the human body (W). 

 Ed: the heat loss by water vapor diffusion through the skin (W). 

 Esw: the heat loss by evaporation of sweat from the surface of the skin (W). 

 Ere: the latent respiration heat loss (W). 

 L: the dry respiration heat loss (W). 

 K: the heat transfer from the skin to the outer surfaces of the clothed body (conduction 

through the clothing) (W). 

 R: the heat loss by radiation from the outer surface of the clothed body (W). 

 C: heat loss by convection from the outer surfaces of the clothed body (W). 

When the body experiences heat or cold stress, i.e., when the body is outside thermal neutrality 

the body strives to control the core temperature through physiological adjustments (Kenney, 2011). 

In a thermoneutral environment, only autonomic thermoregulatory mechanisms are present, and 

the influence of thermal behavior is omitted (Frijns et al., 2014). 

The thermoneutral zone (Figure 2) can be described as “the range of ambient temperature at which 

temperature regulation is achieved only by control of sensible heat loss”, which translates into a 

relatively constant metabolic rate without regulatory changes in heat production or evaporative 

heat loss (IUPS, 2001). Two other definitions are useful in the understanding of the thermoneutral 

zone mechanism: 

 Upper critical temperature: defined as “the ambient temperature above which the rate of 

evaporative heat loss of a resting thermoregulating animal must be increased (e.g., by 

thermal tachypnea or by thermal sweating) in order to maintain thermal balance” (IUPS, 

2001). 

 Lower critical temperature: defined as “the ambient temperature below which the rate of 

metabolic heat production of a resting thermoregulating tachymetabolic animal must be 

increased by shivering and/or non-shivering thermogenesis in order to maintain thermal 

balance” (IUPS, 2001). 

 

Figure 2 – The thermoneutral zone. Where: TNZ – The thermoneutral zone; BMR – basal metabolic rate; NST – 

non-shivering thermogenesis; ST – shivering thermogenesis, HT – heat-related thermogenesis; LCT – lower critical 

temperature; UCT – upper critical temperature. Source: Pallubinsky et al. (2019). 
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To date, the position and shape of the human thermoneutral zone remain uncertain. However, 

indications exist that the thermoneutral zone differs between individuals since its width and 

positioning is likely to be influenced by a number of parameters such as body composition, age, 

and gender as well as by temperature acclimatization (Pallubinsky et al., 2019). Additionally, even 

though thermal neutrality and thermal comfort are not directly related, both zones share a common 

source of physiologically information: skin and core temperature (Frank et al., 1999). 

The greatest thermoregulatory control in the human body occurs in the preoptic anterior 

hypothalamus in which nerve cells respond to both heating (warm-sensitive neurons) and cooling 

(cold-sensitive neurons) mechanisms and send different signals to the skin, the muscles and other 

organs involved in temperature regulation, via the autonomic nervous system (Kenney, 2011). 

Other areas of the central nervous system (posterior hypothalamus, reticular formation, pons, 

medulla, and spinal cord) form ascending and descending connections with the preoptic anterior 

hypothalamus (Kenney, 2011). 

When body temperature rises or falls above or below a theoretical “set point” temperature, 

responses associated with cooling (sweating, skin vasodilatation, and increasing skin blood flow) 

or heat (shivering, skin vasoconstriction, decreasing skin blood flow), respectively, are initiated 

(Figure 3) (Kenney, 2011). Regarding physiological responses to heat and cold, two parameters 

can be highlighted: (i) the core temperature, which represents internal or deep body temperature, 

and (ii) the shell temperature, which is represented by mean skin temperature (Kenney, 2011). The 

average temperature of the body at any time is a weighted balance between these temperatures, as 

presented in Equation 2. 

𝑇𝑏 = 𝑘 𝑇𝑐  +  (1 − 𝑘) 𝑇𝑠𝑘 (2) 

Where: 

 Tc: core temperature (°C). 

 Tsk: mean skin temperature (°C). 

 Tb: body temperature (°C). 

 k: weighting factor varying from 0.67 to 0.90 (Kenney, 2011). 
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Figure 3 – A model of thermoregulation in the human body. Source: Kenney (2011). 

A detailed analysis of the influence of the thermal environment requires knowledge of the 

following four basic parameters: air temperature, mean radiant temperature, air velocity, and 

absolute humidity (ISO, 1998). Besides environmental parameters or physical variables, aspects 

that affect the heat balance of the body and the environment (and the thermal comfort) are personal 

(metabolic rate and clothing), and others (acclimatization, age and gender, food and drink, body 

shape, state of health, among others) (Auliciems and Szokolay, 2007; McIntyre, 1973)1.  

1.2 Sedentary work 

The replacement of manual work to sedentary work is regarded as a major emerging risk until 

2025, particularly due to the increase of digital work (EU-OSHA, 2018). Individuals spent most 

of their waking hours in sedentary behaviors (Kim and Welk, 2015). Currently, about 75% of the 

working hours of office workers is spent in sedentary activities (Thorp et al., 2012; Toomingas et 

al., 2012). 

Recently, the Sedentary Behavior Research Network has identified key terms related to physical 

activity, inactivity, and sedentary behaviors in order to create consensus in their use (Tremblay et 

al., 2017). From the obtained evidence, sedentary behavior can be defined as any waking behavior 

characterized by an energy expenditure ≤ 1.5 met while in a sitting or reclining posture (SBRN, 

2012; Tremblay et al., 2017). 

                                                 

1 http://www.hse.gov.uk/temperature/thermal/factors.htm, access 02/11/2019. 

http://www.hse.gov.uk/temperature/thermal/factors.htm
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Prolonged sedentary behavior is pervasive in contemporary occupational tasks and characterizes 

the daily lifestyle patterns of most people living in developed countries (Bennie et al., 2013; Loyen 

et al. 2016; Tudor-Locke et al., 2011). Sedentary behavior is linked to a risk factor to human health 

ever since the 1950s (Morris et al., 1953). Recent scientific evidences associated sedentary 

behavior to an increased risk of cardiovascular disease and diabetes (van der Ploeg et al., 2015; 

Wilmot et al., 2012), musculoskeletal disorders (Zemp et al., 2016), physiological health (Smith 

et al., 2018; Vainshelboim et al., 2019), among other health conditions (de Rezende et al., 2014). 

1.3 Thesis objective and expected results 

This work aims to assess the thermal comfort of individuals when performing sedentary activities 

in thermoneutral conditions. Particularly, this work assesses how thermal comfort changes over 

the exposure time to an indoor, mechanically ventilated, uniform, and steady-state thermal 

environment. These conditions are considered due to the fact that most sedentary activities are 

performed indoors and the fact that Europeans and Americans spend about 90% of the time in 

indoor conditions (Klepeis et al., 2001; Sarigiannis, 2013). 

Other secondary objectives of this thesis are: 

 Explore personal factors influencing thermal sensation and thermal comfort. 

 Assess the effects of using different scales to assess thermal sensation and thermal comfort 

subjectively. 

 Explore differences in the thermal sensation of participants considering different periods 

of exposure: 30, 60 and 90 minutes. 

The work was based on 6 general tasks, namely: 

 Elaboration of the conceptual framework 

 Identification of the regulatory framework and basic concepts. 

 Definition of the review protocol. 

 Elaboration of the scoping review. 

 Conducting laboratory experiments. 

 Statistical treatment and summary of key findings. 

The main contributions of the research are the production of four scientific publications. The 

articles will consist of a review protocol, a scoping review, a book chapter, and a research article. 

All publications will be submitted to international peer-reviewed scientific journals. Additionally, 

the book chapter is expected to be presented for oral communication in an international scientific 

meeting. 
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1.4 Contextualization 

This study is conducted in the scope of the Master’s in Occupational Safety and Hygiene 

Engineering of the Faculty of Engineering of the University of Porto, as a partial requirement to 

the achievement of the master’s degree.  

The thesis was elaborated from January 2nd to August 31st, 2019. The laboratory experiments were 

conducted during July of the same year in the Laboratory on Prevention of Occupational and 

Environmental Risks (PROA – Laboratório de Prevenção de Riscos Ocupacionais). 

1.5 Thesis outline 

This thesis is divided into 4 sections, comprising 7 Chapters, which can be described as follows: 

 In Section 1 the preliminary aspects to be presented are presented. It comprises this 

introduction and Chapter 2. The introduction provides general conceptual aspects, as well 

as the basic concepts regarding thermoregulation and thermal comfort. In Chapter 2, the 

contextualization of the work is presented. In this Chapter, a presentation of the legal and 

regulatory framework is done. 

 In Section 2, Chapter 3 details the review protocol for the elaboration of the scoping review. 

The scoping review protocol sets the basis for the scoping review on the assessment of 

thermal comfort in thermoneutral conditions while conducting sedentary tasks. The 

scoping review is presented in Chapter 4. 

 In Section 3, Chapter 5 details the methodological procedure adopted in the experiments 

conducted in the climatic chamber. The presentation of the obtained results and discussion 

of the laboratory experiments is developed in Chapter 6.  

 In Section 4, the results and discussion of the findings are presented. Chapter 7 presents 

the final remarks of the thesis and is followed by the references. 
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2 REGULATORY FRAMEWORK AND CONCEPTUAL BACKGROUND 

2.1 Regulatory framework 

Several international standards assessing thermal environments are available. From these, the 

standards from the International Organization for Standardization (ISO) can be divided into groups 

related to the environment they are related as hot, moderate, and cold, besides supporting standards 

and standards related to specific populations and areas of application (Parsons, 2003). 

Standards which addressing hot environments are: 

 ISO 7243:2017 (ISO, 2017) – Ergonomics of the thermal environment - Assessment of 

heat stress using the WBGT (Wet Bulb Globe Temperature) index. 

 ISO 7933:2004 (ISO, 2004a) – Ergonomics of the thermal environment – Analytical 

determination and interpretation of heat stress using calculation of the predicted heat strain. 

 ISO 9886:2004 (ISO, 2004c) – Ergonomics – Evaluation of thermal strain by physiological 

measurements. 

 ISO 13732-1:2006 (ISO, 2006) – Ergonomics of the thermal environment – Methods for 

the assessment of human responses to contact with surfaces – Part 1: Hot surfaces 

For moderate environments, the main standards are: 

 ISO 7730:2005 (ISO, 2005a) – Ergonomics of the thermal environment – Analytical 

determination and interpretation of thermal comfort using calculation of the PMV and PPD 

indices and local thermal comfort criteria. 

 ISO 9886:2004 (ISO, 2004c) – Ergonomics – Evaluation of thermal strain by physiological 

measurements. 

 ISO 10551:1995 (ISO, 1995a) – Ergonomics of the thermal environment – Assessment of 

the influence of the thermal environment using subjective judgment scales 

 ISO/TS 13732-2:2001 (ISO, 2001c) – Ergonomics of the thermal environment – Methods 

for the assessment of human responses to contact with surfaces – Part 2: Human contact 

with surfaces at moderate temperature 

For cold environments, the most relevant standards are: 

 ISO 11079:2007 (ISO, 2007b) – Ergonomics of the thermal environment – Determination 

and interpretation of cold stress when using required clothing insulation (IREQ) and local 

cooling effects. 

 ISO 9886:2004 (ISO, 2004c) – Ergonomics – Evaluation of thermal strain by physiological 

measurements. 

 ISO 13732-3:2005 (ISO, 2005b) – Ergonomics of the thermal environment – Methods for 

the assessment of human responses to contact with surfaces – Part 3: Cold surfaces. 

Supporting standards for the assessment of thermal environment include: 
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 ISO 11399:1995 (ISO, 1995b) – Ergonomics of the thermal environment – Principles and 

application of relevant International Standards. 

 ISO 7726:1998 (ISO, 1998) – Ergonomics of the thermal environment – Instruments for 

measuring physical quantities. 

 ISO 8996:2004 (ISO, 2004b) – Ergonomics of the thermal environment – Determination 

of metabolic rate. 

 ISO 9920:2007 (ISO, 2007a) – Ergonomics of the thermal environment – Estimation of 

thermal insulation and water vapor resistance of a clothing ensemble. 

 ISO 10551:2019 (ISO, 2019) – Ergonomics of the physical environment – subjective 

judgment scales for assessing physical environments. 

 ISO 12894:2001 (ISO, 2001a) – Ergonomics of the thermal environment – Medical 

supervision of individuals exposed to extreme hot or cold environments. 

 ISO 13731:2001 (ISO, 2001b) – Ergonomics of the thermal environment – Vocabulary and 

symbols. 

Other international standards guiding the assessment of thermal sensation and thermal comfort 

are: 

 ASHRAE 55-2010 (ASHRAE, 2010) – Thermal Environmental Conditions for Human 

Occupancy. 

 EN 15251:2006 (CEN, 2006)  Indoor environmental input parameters for design and 

assessment of energy performance of buildings addressing indoor air quality, thermal 

environment, lighting and acoustics. 

Regarding workplace legal occupation health safety aspects, Portuguese legislation can be 

considered vague in regulating thermal conditions in the workplace. The only Portuguese 

legislation establishing guidelines for the thermal environments in workplaces is: 

 Decree-Law nº 243/86: approves the General Regulation on Occupational Health and 

Safety in Commercial, Office and Service Establishments. 

This decree defines temperature, humidity, and ventilation conditions to the workplace, not taking 

into consideration the activities performed. According to it, the temperature of the workplaces 

shall be between 18°C and 22°C, except in certain climatic conditions, where it may reach 25°C 

and the relative humidity of the working atmosphere shall be between 50% and 70%. Artificial 

ventilation may be adopted whenever natural ventilation does not result in a working atmosphere 

in accordance with these parameters. 

2.2 Basic concepts 

In the Introduction (Chapter 1), thermoregulation and thermal comfort were briefly contextualized. 

In Sections 2.2.1 to Section 2.2.2.2, the basic concepts regarding the assessment of thermal 

sensation and thermal comfort are presented.  
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2.2.1 Heat indices 

The first heat indices can be traced back to 1905 when the wet-bulb was suggested (Haldane, 

1905). Since then, a variety of heat indices have been suggested in the scientific literature to assess 

thermal environments and to predict their effect on people (de Freitas and Grigorieva, 2015; 

Epstein and Moran, 2006; Youle, 2005). An effort to compile existing indices was performed by 

de Freitas and Grigorieva (2015), which identified a total of 162 thermal indexes, which can be 

classified in eight categories: (A) simulation device for integrated measurement, (B) single-sensor 

(single-parameter) index, (C) index based on algebraic or statistical model, (D) proxy thermal 

strain index, (E) proxy thermal stress index, (F) energy balance strain index, (G) energy balance 

stress index and (H) special-purpose index. 

Hear Stress Indices can be classified as rational (indices based on calculations involving the 

heating balance equation), empirical (indices based on objective and subjective strain), and direct 

(indices based on direct measurement of environmental variables) (Epstein and Moran, 2006). 

Examples of indices to assess either thermal stress in hot environments, according to their category 

are (Parsons, 2011): 

 Rational indexes: heat stress index (HSI), index of thermal stress (ITS), required sweat rate 

(SWreq). 

 Empirical indexes: effective temperature index (ET), Corrected Effective Temperature 

(CET), predicted four-hour sweat rate (P4SR). 

 Direct indexes: wet bulb globe temperature (WBGT), physiological heat exposure limit 

(PHEL), wet globe temperature (WGT) index, the Oxford Index. 

For cold environments, standards relating to work performance, thermal balance and exposure 

duration are not as well developed and validated as for heat environments (Youle, 2005). Examples 

of indexes to assess cold environments are the Equivalent still air temperature (ESAT), the wind 

chill index (WCI), the equivalent shade temperature (EST), the still shade temperature (SST) and 

the required clothing insulation (IREQ). 

Indices for thermal comfort comprise the CET as an analytical index, the Predicted Mean Vote 

(PMV) and the predicted percentage dissatisfied (PPD) as analytical indices, and the dry resultant 

temperature (DRY), as a direct index (Youle, 2005), among others (Enescu, 2017). Despite the 

existence of several thermal comfort indicators, the PMV and the PPD can be considered the most 

widely used (Enescu, 2017), both proposed by Fanger (1970). 

The PMV is computed by using the comfort equation for human body heat exchange, represented 

in Equations 3 to 6, as presented in ISO 7730:2005 (ISO, 2005a). It is built in the thermal sensation 

seven-point scale, also proposed by ASHRAE (ASHRAE, 2010), in which: 

 -3: cold. 

 -2: cool. 

 -1: slightly cool. 

 0: neutral. 

 +1: slightly warm. 

http://www.iloencyclopaedia.org/part-vi-16255/heat-and-cold/42/assessment-of-heat-stress-and-heat-stress-indicies
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 +2: warm. 

 +3: hot. 

𝑃𝑀𝑉 = [0.303ex p(−0.036𝑀) + 0.028] 

{

(𝑀 − 𝑊) − 3.05 × 10−3[5733 − 6.99(𝑀 − 𝑊) − 𝑝𝐴] − 0.42[(𝑀 − 𝑊) − 58.15]

−1.7 × 10−5𝑀(5867 − 𝑝𝑎) − 0.0014𝑀(34 − 𝑡𝑎)

−3.96 × 10−8𝑓𝑐𝑙[(𝑡𝑐𝑙 + 273)4 − (𝑡�̅� + 273)4] − 𝑓𝑐𝑙ℎ𝑐(𝑡𝑐𝑙 − 𝑡𝑎)

}  
(3) 

𝑡𝑐𝑙 = 35.7 − 0.028(𝑀 − 𝑊)

− 𝐼𝑐𝑙{3.96 × 10−8𝑓𝑐𝑙[(𝑡𝑐𝑙 + 273)4 − (𝑡�̅� + 273)4] + 𝑓𝑐𝑙ℎ𝑐(𝑡𝑐𝑙 − 𝑡𝑎)} 
(4) 

ℎ𝑐 = {
2.38|𝑡𝑐𝑙 − 𝑡𝑎|0.25, 2.38|𝑡𝑐𝑙 − 𝑡𝑎|0.25 > 12.1√𝑣𝑎𝑟

12.1√𝑣𝑎𝑟 ,                      2.38|𝑡𝑐𝑙 − 𝑡𝑎|0.25 < 12.1√𝑣𝑎𝑟

 (5) 

𝑓𝑐𝑙 = {
1.00 + 1.290𝐼𝑐𝑙 , 𝐼𝑐𝑙 ≤ 0.078 𝑚2 𝐾/𝑊

1.05 + 0.645𝐼𝑐𝑙 , 𝐼𝑐𝑙 > 0.078 𝑚2 𝐾/𝑊
 (6) 

Where: 

 M: metabolic rate (W/m2). 

 W: effective mechanical power (W/m2). 

 Icl: clothing insulation (m2K/W). 

 fcl: clothing surface area factor; 

 ta: air temperature (°C). 

 tr: mean radiant temperature (°C). 

 var: relative air velocity (m/s). 

 pa: water vapor partial pressure (Pa). 

 hc: convective heat transfer coefficient [W/(m2K)]. 

 tcl: clothing surface temperature, in degrees Celsius (°C). 

The PMV index is computed by including four physical parameters (air temperature, air velocity, 

air humidity, mean radiant temperature) and two personal parameters (metabolic rate and clothing 

insulation). The PMV index treats the body as a whole being. It is useful to predict responses in 

the steady-state air-conditioned environment of healthy adults (Fanger, 1970). The index cannot 

be used for children or persons who are elderly or disabled (Fanger, 1970). 

The PMV is recommended in indoor spaces, often offices, for applications in the air-conditioned 

environment (HVAC systems) in order to create the artificial climates for these spaces, as well as 

for different activities and clothing habits (Enescu, 2017). This index is not recommended for 

predicting the thermal comfort of the occupants in non-air-conditioned buildings, like naturally 

ventilated spaces (Enescu, 2017). 

The recommended acceptable PMV range for thermal comfort from the Standard ASHRAE 55-

2010 is -0.5 < PMV < +0.5, corresponding with PPD < 10% for an indoor space. The thermal 
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comfort zone for ISO 7730:2005 (ISO, 2005a) and EN 15251:2006 (CEN, 2006) may be selected 

from different categories of environments. For these standards, thermal comfort can occur in the 

following conditions, according to different categories of the thermal environment: -0.2 < PMV < 

+0.2, -0.5 < PMV < +0.5 or -0.7 < PMV < +0.7.  

The PPD represents one measure of the possible complainers by calculating the percentage of 

persons that are dissatisfied with a certain thermal comfort. The PPD index is related to the PMV 

index, as shown in Equation 7 and represented in Figure 4. The minimum value of PPD is 5%, 

which can be interpreted as evidence that it is not possible to satisfy everyone in a large group 

sharing a collective climate. 

𝑃𝑃𝐷 = 100 − 95exp (−0.03353 × 𝑃𝑀𝑉4 − 0.2179 × 𝑃𝑀𝑉2) (7) 

 

Figure 4 – PPD and PMV relationship. Source: reproduced from ISO 7730:2005 (ISO, 2005a). 

2.2.2 Thermal comfort 

Thermal comfort is defined by ASHRAE (2010) as a “condition of mind that expresses satisfaction 

with the thermal environment and is assessed by subjective evaluation”. A thermal index is a tool 

to describe, design and to assess thermal environments as experienced by individuals. The 

PMV/PPD, for instance, provides a single number that expresses the thermal comfort of the 

occupants of an environment. 

Despite the physiological system of thermoregulation, the behavior is a strategy to human 

thermoregulation, being manifested by simple acts such as the change of posture, ambient 

adaptation, among others (Parsons, 2003). Besides, it is noteworthy to refer that the assessment of 

human responses to the thermal environment is affected by inter-individual variability. Individual 

responses to hot and cold environments are influenced by a number of factors such as age, 
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acclimatization state, gender, body composition, working shift patterns, among others, whose 

interaction is still poorly assessed (Powell et al., 2005). 

The PMV/PPD is calculated for different combinations of environmental parameters and personal 

parameters (metabolic rate, and clothing insulation – as described in Sections 2.2.2.1 and Section 

2.2.2.2). The definition of the environmental parameters of the thermal environment, according to 

ISO 7726:1998 (ISO, 1998) are the following: 

 Air temperature: the temperature of the air around the human body. 

 Mean radiant temperature: the uniform temperature of an imaginary enclosure in which 

radiant heat transfer from the human body is equal to the radiant heat transfer in the actual 

non-uniform enclosure. 

 Air velocity: the speed of the air, i.e. the magnitude of the velocity vector of the flow at 

the measuring point considered. 

 Relative humidity: the ratio between the partial pressure of water vapor in humid air and 

the water vapor saturation pressure at the same temperature and the same total pressure. 

 Metabolic rate 

The metabolic rate represents the energetic cost of muscular load in an activity (ISO, 2004b). The 

metabolic rate provides a numerical index for the energy expenditure of an activity or task. The 

metabolic rate can be measured by the unit “Metabolic Equivalent Task” or “met”, being 1 met 

equivalent to 58Wm-2. 

The standard ISO 8996:2004 (ISO, 2004b) specifies different methods for the determination of 

metabolic rate. In order to exemplify the concept of metabolic rate, Table 1 presents one of these 

methods (known as “Level 1, observation”) and presents different classifications of metabolic rates 

and examples of work activities associated with them. 

Table 1 – Classification of metabolic rate by category. Source: adapted from the Annex A of ISO 8996:2004 (ISO, 

2004b). 

Class 
Average metabolic rate 

(Wm-2) 
Examples 

0 

Resting 

65 

(55 to 70) 
Resting, sitting at ease 

1 

Low metabolic rate 

100 

(70 to 130) 

Light manual work (writing, typing. drawing. sewing, 

book-keeping); hand and arm work (small bench tools, 

inspection, assembly or sorting of light materials); arm 

and leg work (driving vehicle in normal conditions, 

operating footswitch or pedal). Standing drilling (small 

parts); milling machine (small parts); coil winding; 

small armature winding; machining with low power 

tools; casual walking (speed up to 2.5 km/h). 
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Class 
Average metabolic rate 

(Wm-2) 
Examples 

2 

Moderate metabolic rate 

165 

(130 to 200) 

Sustained hand and arm work (hammering in nails, 

filing); arm and leg work (off-road operation of lorries, 

tractors or construction equipment); arm and trunk 

work (work with pneumatic hammer, tractor assembly, 

plastering, intermittent handling of moderately heavy 

material, weeding, hoeing, picking fruits or vegetables, 

pushing or pulling lightweight carts or wheelbarrows, 

walking at a speed of 2.5 km/h to 5.5 km/h, forging). 

3 

High metabolic rate 

230 

(200 to 260) 

Intense arm and trunk work; carrying heavy material; 

shoveling; sledgehammer work; sawing; planning or 

chiseling hardwood; hand mowing; digging; walking at 

a speed of 5.5 km⋅h−1 to 7 km⋅h−1. 

Pushing or pulling heavily loaded hand carts or 

wheelbarrows; chipping castings; concrete block 

laying. 

4 

Very high metabolic rate 

290 

(>260) 

Very intense activity at fast to maximum pace; working 

with an ax; intense shoveling or digging; climbing 

stairs, ramp or ladder; walking quickly with small 

steps; running; walking at a speed greater than 7 km/h. 

 Clothing insulation 

Clothing insulation is the thermal insulation provided by clothing (ASHRAE, 2010). The clothing 

insulation of an ensemble can be expressed as a clo value (Icl), being 1 clo equal to 0.155m²KW⁻¹. 

Different methods and levels to determine the total clothing insulation are presented in ASHRAE 

55-2010 (ASHRAE, 2010), ISO 9920:2007 (ISO, 2007a), and ISO 11079:2007 (ISO, 2007b). 

A simple method to determine the level of clothing insulation is based on a summation of the 

insulation of individual garments. To that end, Equation 8 can be used or, with slightly reduced 

accuracy, Equation 9. For illustration purposes, Table 2 presents different insulation values of 

typical garments and Table 3 shows examples of different combinations of clothing ensembles. 

𝐼𝑐𝑙 = 0.161 + 0.835 ∑ 𝐼𝑐𝑙𝑢 (8) 

𝐼𝑐𝑙 = ∑ 𝐼𝑐𝑙𝑢 (9) 

Where: 

 Iclu: the effective thermal insulation of the individual garments (m²KW⁻¹ or clo). 
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Table 2 – Insulation values of selected typical garments. Legend: Icl = thermal insulation. Source: adapted from ISO 

9920:2007 (ISO, 2007a). 

Garment Fiber content 
Icl 

(clo) 

Icl 

(m²KW⁻¹) 

Briefs Polyester, polyamide 0.04 0.006 

Fitted trousers Cotton 0.26 0.034 

Loose trousers  Cotton/80 % wool, 20 % nylon 0.22 0.034 

Short sleeves, sport shirt 100 % cotton 0.17 0.026 

Shirt, long sleeves Wool, polyester, polyamide 0.25 0.039 

Long sleeves, round neck sweater 85 % wool, 15 % nylon 0.36 0.056 

Socks, ankle-length   0.02 0.003 

Thick socks, ankle-length   0.05 0.008 

Shoes   0.05 0.008 

Table 3 – Examples of estimates of different combinations of clothing ensembles. Legend: Icl = thermal insulation. 

Source: adapted from Parsons (2010). 

Characterization Clothing ensemble 
Icl 

(clo) 

Icl 

(m²KW⁻¹) 

Naked 0.0 0.0 

Light summer clothing 
Briefs, long lightweight trousers, open neck shirt 

with short sleeves, light socks, and shoes 
0.5 0.078 

Indoor winter clothing 
Underwear, shirt with long sleeves, trousers, 

sweater with long sleeves, heavy socks, and shoes 
1.0 0.155 
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3 SCOPING REVIEW PROTOCOL 

3.1 Introduction 

The proposed scoping review will follow an extension of the Preferred Items for Reporting 

Systematic Reviews and Meta-analyses (PRISMA) (Moher et al., 2009), the PRISMA Extension 

for Scoping Reviews (PRISMA-ScR) (Tricco et al., 2018). The scoping review protocol is 

elaborated based on the Preferred Reporting Items for Systematic reviews and Meta-Analyses for 

Protocols (PRISMA-P) (Moher et al., 2015). 

The relevance of the elaboration of a review protocol relies on the following aspects: (i) a review 

protocol supports the careful planning of a review, (ii) ensures the reproducibility of the review 

and supports the previous documentation of methods before the beginning of the review, (iii) 

prevents arbitrary decision making with respect to inclusion criteria and extraction of data, and 

(iv) reduces duplication of efforts, among other advantages. 

The scoping review intends to provide a contextualization of scientific literature addressing 

thermal sensation and thermal comfort during sedentary work performed indoors in steady-state 

environments. It is also an objective of the scoping review to assess how thermal sensation and 

thermal comfort are experimentally assessed in the scientific literature. Particularly, it aims to (i) 

verify if there are alterations of the thermal sensation of individuals in homogeneous and steady-

state environments and (ii) to investigate hypotheses about the reasons for these changes. 

3.2 Methods 

The PRISMA-P checklist contains 17 numbered items (26, including sub-items) and its items are 

categorized into three main sections: administrative information, introduction, and methods 

(Moher et al., 2015). This review follows items 6 to 17, which are presented in Sections 3.2.1 to 

Section 3.2.9.  

3.2.1 Eligibility criteria  

The proposed scoping review will consider peer-reviewed articles both published and in press. 

Besides, the eligibility criteria also consider the elimination of grey literature and commissioned 

reports, conference papers and other publications not written in English. The assessment of grey 

literature is not considered since the lack of peer review may reflect a higher variability of quality 

in studies, which require the development of specific quality appraisal techniques and methods 

(Adams et al., 2017). 
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 Type of studies 

The scoping review will consider all studies evaluating humans in laboratory experiments. Only 

experiments conducted with healthy adults of both genders are considered. Therefore, studies 

assessing specific groups, such as elderly or athletes were unsuitable for the scoping review. 

Regarding the characteristics of the thermal environment, studies considering outdoor and 

heterogeneous conditions will be excluded from the scoping review. Heterogeneous environments 

are those presenting the following variations: transient environments, cycles and drifts, and non-

uniformities (such as radiant asymmetry and thermal stratification) (Mishra et al., 2016). 

 Other inclusion criteria 

The scoping review will only consider studies that were carried out experimentally (therefore 

purely theoretical studies are will be excluded). Since the environmental conditions are critical for 

the research questions, only articles reporting the physical quantities of the thermal environment 

will be considered suitable for the scoping review. Also, the following criteria for inclusion of 

articles may be considered: 

 Sedentary activities, i.e., those up to a limit of 1.5 met (SBRN, 2012). 

 Studies evaluating thermal sensation vote and/or thermal comfort subjectively. 

 Studies that include physiological indicators of comfort, such as average skin temperature, 

ocular dryness, and upper respiratory tract; local or extraneous temperature, evaluation of 

the differences between the trunk and the extremities, among others. 

3.2.2 Information sources  

The identification of articles considered, PubMed (which includes Medline), Scopus (which 

includes ScienceDirect), and Web of Science as the databases for scientific publication. Currently, 

these databases are the most relevant ones in the Engineering field of knowledge. 

3.2.3 Search strategy  

The first search consisted of obtaining results for “thermal comfort” to assess the extent of 

scientific literature assessing thermal comfort. Considering the broad scope of this exploratory 

research, the review was further refined by researching the type of work under assessment. This 

approach resulted in two groups of keywords. The selected terms were linked through the Boolean 

operator ‘AND’ and ‘OR’ as follows: ("thermal comfort" OR "therm* sensation" OR 

"thermosensation") AND ("sedentary”). To allow a broader scope of results, the terms “indoor” or 

“climatic chamber” were not considered. The search strategy for each of the information sources 

is presented in Annex I. 
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Besides this search strategy, a snowballing approach was also considered for the identification of 

suitable articles. The snowballing approach considered the search of articles in all reference lists 

of the selected full-text peer-review articles, a process also referred to as “backward snowballing” 

(Wohlin, 2014). The articles identified through the snowballing approach are also subject to the 

eligibility criteria defined in Section 3.2.1. 

3.2.4 Study records 

Once the search is complete and the number of compiled articles is recorded in Annex II, selected 

investigations from each database will be exported. Records will be exported from the databases 

and inserted into EndNote X8 (Clarivate Analytics) for screening and eliminating repeated records. 

Both the title and abstracts will be examined.  

Then, taking into consideration the established selection criteria, full text from the qualifying 

studies will be retrieved and assessed. When reported data are insufficient or unclear, a researcher 

will contact the first author or author of the research reports (either by e-mail or any available 

contact information) for further clarification.  

3.2.5 Data items 

Summary tables will be elaborated to summarize the key findings of the eligible articles. Data 

items to be assessed are divided into two major groups: a general and specific synthesis. In these 

groups, the major outcomes of each study will be summarized for comparison and discussion. 

In the first group, bibliometric aspects and the experimental design are assessed. In the bibliometric 

assessment, the place of publication (based on the affiliation of the first author) and the number of 

publications of the years will be presented. In the assessment of the experimental design, the 

presence of written consent, the total duration of the experiment, the sample size, and the 

characteristic of the sample will be assessed. This section also presents the objective parameters 

measured by each study and the scales adopted to conduct subjective assessments. 

In the specific synthesis, articles are categorized according to the parameters considered in the 

assessment of thermal sensation and thermal comfort. These categories are defined as follows: (i) 

assessment of thermal comfort parameters, (ii) effects of other parameters, (iii) effects of fatigue, 

boredom, performance or similar, (iv) thermal sensation or comfort of a group, and (v) other 

aspects. 

3.2.6 Outcomes and prioritization  

The expected outcomes of the scoping review are: (i) identify publication trends in the assessment 

of changes of thermal comfort in the execution of sedentary activities in homogenous 
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environments, (ii) identify the methods of assessment presented in different studies, and (iii) to 

identify the potential occupational health and safety management applications. 

3.2.7 Risk of bias in individual studies  

The risk of bias in the selected studies may exist due to the aspects related to the participants, such 

as gender, body composition, clothing, age, and gender. If bias related to these aspects are 

identified in the selected studies, they can be subject to discussion in the scoping review. However, 

due to the limitation on the time and scope of this work, the risk of bias in individual studies will 

not be assessed. 

Bias includes any and all distortions during the investigation process, which can occur in any type 

of design. The Cochrane Collaboration’s Tool (Higgins et al., 2011) will be considered for the 

assessment of the risk of bias (Annex III). This tool assesses six domains of bias, namely: selection 

bias, performance bias, detection bias, attrition bias, reporting bias, and other bias. 

The assessment of meta-bias could be conducted based on the methodological aspects of the 

identified articles, namely: sample, ethical standards fulfillment, description of the adopted 

experimental procedure, identification of materials used in the research. The tool consists of 

assigning a judgment of high, low, or unclear risk based on the support for judgment. Therefore, 

for each of these categories, a classification based on ‘yes’, ‘no’ or ‘unclear’ will be assigned. The 

classification of ‘unclear’ represents that the information presented is not enough to determine the 

fulfillment of the criteria. The results of an assessment of the risk of bias can be presented in a 

table, in which judgments for each item in each trial are presented alongside their descriptive 

justification. 

3.2.8 Data synthesis  

The checklist from the PRISMA-ScR will delimitate the data synthesis process (Tricco et al., 

2018). A spreadsheet to support the data treatment process will be elaborated to characterize 

publication trends, such as year and local of publishing, followed by the type of result, the 

experimental design, participant characteristics, and main results. 

A meta-analysis of the key findings will be performed if the results of the selected articles support 

such an assessment. Otherwise, a narrative synthesis will be conducted with the basis of assembled 

data tables (with information from the selected publications), in which the main objective will be 

to present the thermal comfort assessment procedures and the effects of the relevance of their 

outcomes. Bias will also be examined when analyzing the data. 
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3.2.9 Meta-biases and confidence in cumulative evidence  

The risk of meta-biases will be conducted if the results of the selected articles support a meta-

analysis. Confidence in cumulative evidence will not be assessed since the proposed scoping 

review does not aim to examine alternative management strategies or interventions (Guyatt et al., 

2011). 

3.3 Final remarks 

This review protocol sought to define the methodological aspects for a scoping review addressing 

thermal comfort in the performance of sedentary activities. The scoping review protocol is 

intended to be registered in the PROSPERO database. 
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4 SCOPING REVIEW  

4.1 Introduction 

The proposed scoping review aims to assess how thermal sensation and thermal comfort are 

assessed in the scientific literature during the execution of sedentary activities. The assessment 

focuses on articles conducting experimental assessments of thermal sensation and thermal comfort 

in uniform and steady-state conditions. Only experiments conducted in climatic chambers are 

considered due to their high degree of control and reproducibility. 

4.2 Methods 

The development of the scoping review follows the review protocol presented in Section 3. As 

referred, the scoping review protocol is based on the PRISMA-P guidelines (Moher et al., 2015)2. 

The elaboration of the scoping review itself is in accordance with the PRISMA-ScR guidelines. 

The PRISMA-ScR guidelines consist of a 22-item checklist to be considered in the elaboration of 

a scoping review (Tricco et al., 2018). Considering that all the methods recommended by 

PRISMA-ScR for the elaboration of the scoping review are already presented in the review 

protocol, this section solely presents the methodology considered to summarize the research 

evidence of the selected peer-reviewed articles. 

At first, a general synthesis of the studies was conducted. A bibliometric assessment is conducted 

based on the location of the article (based on the affiliation of the first author). This first screening 

aims to identify trends in publications over the years. Following this, the experimental design was 

assessed, based on the presence of informed consent and approval of an ethics committee is 

investigated, as well as other aspects regarding the laboratory experiment. Namely, the aspects 

investigated are the total experimental time, size of the sample and its characteristics, the objective 

parameters measured, and the scales used to conduct the assessment of thermal sensation and 

thermal comfort. 

The specific synthesis of the studies included in the review is based on a classification following 

the underlying aspect in the assessment of thermal sensation and thermal comfort. This 

classification criteria include the following categories: (i) assessment of parameters affecting 

thermal comfort according to the thermal comfort equation (clothing insulation, temperature, 

humidity, air velocity) (Fanger, 1970), (ii) effects of other parameters, correlation of fatigue and 

boredom, performance and other aspects, (iii) the assessment of thermal comfort and thermal 

sensation of specific groups, and (iv) others. In the first category, the changes in the metabolic rate 

are not considered since this study focuses on the assessment of sedentary work. 

                                                 

2 The scoping review considered articles published until July 1st, 2019. 
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4.3 Results 

Considering the information sources and the search strategy defined in the review protocol, 762 

articles were identified in the selected databases, from which 110 were duplicate records. After 

removing duplicates, 23 articles not written in English and 131 records classified as grey literature 

were excluded. From the remaining 497 articles, 460 were excluded since they were not within the 

scope of this research or did not meet the eligibility criteria. 

As defined in the scoping review protocol, after the assessment of the selected articles, their 

references were screened to identify articles inside of interest to the present scoping review. Two 

articles were included from this snowballing approach (Arens et al., 2006; Gagge et al., 1967). 

Finally, 39 peer-reviewed articles were selected for qualitative analysis. Figure 5 summarizes the 

scoping review steps. 

The selected peer-reviewed articles differed substantially in their scope experimental procedures 

and data treatment. Therefore, the selected articles were assessed only qualitatively, and the 

quantitative synthesis through a meta-analysis of their emerging evidence was not conducted. 

 

Figure 5 – PRIMA Flow Diagram for the scoping review. Source: adapted from Moher et al. (2009). 
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4.3.1 Bibliometric assessment 

All the selected peer-reviewed articles assess the overall thermal sensation or thermal comfort 

reported by participants subjected to different experimental conditions in a climatic chamber, as 

delimited by the review protocol. The articles were published from 1967 to 20193, with a 

publication average of 1.5 articles per year. Articles are predominantly originated from the 

northern hemisphere, as represented in Table 4. 

Table 4 – Geographic distribution of articles. 

Country Total number of publications 

Argentina 1 

China 8 

Denmark 5 

France 2 

Japan 6 

South Korea 3 

United Kingdom 5 

United States of America 9 

Total 39 

4.3.2 Experimental design and participants 

Table 5 summarizes the existence of written consent to take part in the experiments, the duration 

of experiments, the total number of participants, and the participants’ anthropometric 

characteristics. Only 5 of the selected articles informed to have obtained written consent from the 

subjects or that the experiments were approved by an ethics committee. The experiments lasted 

from a minimum of 28 minutes (Garretón et al., 2016) to a maximum of 540 minutes (Kakitsuba, 

2019; Kakitsuba and White, 2014) and an average of 172 minutes. 

Most studies consider both male and female populations, except for a few exceptions. Whenever 

it was possible, the age is represented by its average and standard deviation. Only 5 articles do not 

disclose the age of the participants4. All of the selected articles consider the adult population, even 

though some include the elderly (Kubo et al., 1997; Lee et al., 2008). 

Height and weight are disclosed in 23 of the selected articles. Body fat is only reported in 5 studies. 

Other anthropometric indexes, such as the body max index and the skin surface area were reported 

by a few articles, yet not reported in the scoping review since they are a function of weight and 

height. 

                                                 

3 The last update was on July 1st, 2019. 
4 McIntyre, D. A. (1978). Response to atmospheric humidity at comfortable air temperature: a comparison of three 

experiments. Annals of Work Exposures and Health, 21(2), 177-190. doi: 10.1093/annhyg/21.2.177 presents two 

experiments. The ages are shown just for one of them. For the second experiment the ages are not presented, yet the 

age group is presented. 
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Table 5 – Summary of information on consent and characteristic of subjects across studies (M = Male; F = Female/Y = Yes, N = No/YY = Young; O = old). 

Reference 
Written 

consent 

Test 

duration 

(minutes) 

Participants 
Age 

(years) 

Height 

(cm) 

Weight 

(kg) 

Body fat 

(%) 

Arens et al. (2006) N 180 12M;15F 20-51 – – – 

Berglund and Gonzalez (1977) N 150 4M 19-33 – – – 

Beshir and Ramsey (1981) N – 31M;15F 18-40M;18-24F – – – 

Castellani et al. (2018) Y 120 6M;2F 26±9 170±6 77.6±16.2 16.4±5.3 

Cheng and Lin (2016) N 120 471 – – – – 

Choi et al. (2003) N 90 6M 22.3±2.1 179±6.4 66.7±14.3 11.5±6.5 

Chow et al. (2010) N 200 48M;48F 20.42±0.96 166±10 58.2±13.2 – 

Chung and Tong (1990) N 180 84M;50F 20.49±1.81 1.67±0.08 56.9±8.6 – 

Du et al. (2018) N 60 10M; 10F 23.3±0.9M;24.5±0.6F 173.6± 5.5M;162.1±6.9F 63.6±4.9M;49.9±6.3F – 

Fan et al. (2019) N 175 16M;16F 23±2M;22±1F 174.9±4.5M;159.8±3.7F 63.8±8.0M;49.5±6.8F 
15.2±4.4M;

22.8±3.2F 

Fanger et al. (1977) N 150 8M;8F 21.3±2.0M;23.8±1.7F 180±3M;169±11F 71.4±5.0M;59.7±8.5F – 

Fanger et al. (1974a) N 300 8M;8F 23±2M;22±3F 179±8M;168±4F 67±9M;58±7F – 

Fanger et al. (1974b) N 300 8M;8F 23±2M;23±1F 180±3M;164±6F 73±8M;58±5F – 

Gagge et al. (1967) N 120 3M 22-24 – – – 
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Reference 
Written 

consent 

Test 

duration 

(minutes) 

Participants 
Age 

(years) 

Height 

(cm) 

Weight 

(kg) 

Body fat 

(%) 

Garretón et al. (2016) N 28 6M,13F 22-40 – – – 

Gonzalez et al. (1974) N 60 101 – – – – 

Griffiths and McIntyre (1974) N 300 16M;16F 16-19 – – – 

Grivel and Candas (1991) N 180 24M;24F 22±1M;22±1F 178±5M;164±6F 66.65±7.31M;56.78±5.53 – 

Hasebe et al. (1995) N 180 10M 22.9±1.64 174±4.6 60.3±4.38 – 

Jin et al. (2017) N 120 15M;15F 20.1±0.6M;18.9±0.9F 170.3±5.6M;158.9±4.3F 58.0±6.2M;48.0±3.0F – 

Kakitsuba (2019) Y 540 8F 20.8±1.49 156±8 49.6±7.63 – 

Kakitsuba and White (2014) N 540 10M 22.2±1.0 174.7±6.3 61.0±6.8 – 

Kubo et al. (1997) N 120 2411,2 
19-25 (YY)/ 

65-80 (O) 
149.5-170.53 50.3-56.63 – 

Kwon and Choi (2012) N 60 7M;13F 24±1.6M;24±2.5F 174±4.0M;163±5.8F 71.9±9.9M;53±8.5F – 

Lee et al. (2008) N 120 
6M;5F (YY)/ 

6M;6F (O) 

20.3±0.5M; 21.0±1.4F (YY) 

75.3±3.5M; 67.7±4.1F (O) 

173.0±1.7M;160±5.4F (YY) 

164.0±7.9M;162.3±6.3F (O) 

66.7±9.3M;53.6±6.4F (YY) 

60.7±1.2M;59.7±3.9F (O) 
– 

Lee et al. (2011a) Y 60 8M 24.1±2.8 173.0±3.9 66.3±9.7 17.3±4.7 

McIntyre (1976) N 150 10M – – – – 

McIntyre (1978) N 30/3004 
12M;12F/ 

52M;53F4 
16-185 – – – 

McIntyre et al. (1975) N 240 24M;17F 16-24 – – – 
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Reference 
Written 

consent 

Test 

duration 

(minutes) 

Participants 
Age 

(years) 

Height 

(cm) 

Weight 

(kg) 

Body fat 

(%) 

Oseland (1995) N 180 15M;15F 32.6±10.5 – – – 

Pellerin and Candas (2004) Y 150 9M;9F 23.1±3.3M;24.1±3.0 176±7M;162±4F 68±5M;52±4F – 

Rohles Jr and Nevins (1973) N 180 800M;800F 18-24 – – – 

Rohles (1971) N 180 800M;800F 18-24 – – – 

Rohles and Wells (1976) N 300 12M;12F – – – – 

Toftum et al. (1998) N 120 20M;20F 22.7±1.9M;23.0±3.2F 182±7M;171±5F 77.7±9.8M;67.7±7.8F – 

Wyon et al. (1975) N 150 16M;16F 28-25 179±7M;167±7F 69.3±9.2M;55.7±7.2F – 

Yang and Moon (2019) Y 115 30M;30F 23.3±1.6M;21.3±1.7F 175.5±5.4M;162.4±5.7F 69.5±7.4M;55.7±8.3F – 

Zhang and Zhao (2008) N 60 301 – – – – 

Zhang et al. (2017) N 90 15M;15F 20.1±0.6M;18.9±0.9F 170.3±5.6M;158.9±4.3F 58.0±6.2M;48.0 ± 3.0F – 

1: Does not disclose gender differences. 

2: Represent the total number of experiments and not the total population. 

3: Not possible to differentiate. The values represent the reported minimum and maximum values. 

3: Two experiments are disclosed out a series of three. 

4: Only for the first experiment presented 

 



Master in Occupational Safety and Hygiene Engineering 

30 Scoping review 

As stated in the Introduction, the parameters affecting thermal comfort can be personal (metabolic 

rate and clothing insulation) or environmental (air temperature, relative humidity, and air velocity). 

Additionally, other objective parameters can be measured for the assessment of thermal sensation 

and/or thermal comfort. These parameters were summarized for the reviewed articles in Table 6 

(other parameters) and Table 7 (personal and environmental parameters). 

Table 6 – Other objective measurements. Legend: Y = Yes; N = No. 

Reference 
Skin 

temperature 
Other measurements 

Arens et al. (2006) Y Core temperature 

Berglund and Gonzalez (1977) Y Esophageal temperature, heart rate, and rate of weight loss 

Beshir and Ramsey (1981) N N 

Castellani et al. (2018) Y 

Dexterity (fine and gross motor dexterity) and strength 

measurements (pinch and grip strength), deep body 

temperature, skin temperature, and heat flux, blood 

pressure and heart rate, finger skin blood flow, oxygen 

uptake and metabolic heat production, body heat storage 

Cheng and Lin (2016) N N 

Choi et al. (2003) Y Rectal temperature, clothing microclimate temperature 

Chow et al. (2010) N N 

Chung and Tong (1990) N Evaporative heat loss (weight) 

Du et al. (2018) Y N 

Fan et al. (2019) Y 

Eardrum temperature, heart rate, end‐tidal CO2, arterial 

blood oxygen saturation, systolic and diastolic blood 

pressure, electroencephalography, skin moisture, body 

weight 

Fanger et al. (1977) Y Rectal temperature, and evaporative weight loss 

Fanger et al. (1974a) Y Rectal temperature, evaporative weight loss 

Fanger et al. (1974b) Y Rectal temperature, evaporative weight loss 

Gagge et al. (1967) N Tympanic and rectal temperature 

Garretón et al. (2016) N Glare sensation vote 

Gonzalez et al. (1974) Y N 

Griffiths and McIntyre (1974) N N 

Grivel and Candas (1991) Y Rectal temperature 

Hasebe et al. (1995) Y Electrocardiogram of subjects 

Jin et al. (2017) Y Skin wetness 

Kakitsuba (2019) Y Tympanic temperature 

Kakitsuba and White (2014) Y Tympanic temperature 

Kubo et al. (1997) Y N 
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Reference 
Skin 

temperature 
Other measurements 

Kwon and Choi (2012) Y Rectal temperature 

Lee et al. (2008) Y Rectal temperature 

Lee et al. (2011a) Y 
Rectal temperature, tympanic temperature, heart rate, total 

sweat rate (determined by weighing) 

McIntyre (1976) Y N 

McIntyre (1978) N N 

McIntyre et al. (1975) N N 

Oseland (1995) N N 

Pellerin and Candas (2004) Y N 

Rohles Jr and Nevins (1973) N N 

Rohles (1971) N N 

Rohles and Wells (1976) Y Oral temperature 

Toftum et al. (1998) Y 
Air temperature, humidity between skin and clothing, and 

weight loss 

Wyon et al. (1975) Y N 

Yang and Moon (2019) N Noise level, illuminance level 

Zhang and Zhao (2008) N N 

Zhang et al. (2017) Y Skin wetness and heart rate 

The results of Table 6 show that the measurement of the skin temperature is the most assessed 

object parameter to assessment thermal sensation and/or thermal comfort. The measurement of 

skin temperature is conducted in 25 articles. It is followed by the measurement of the rectal 

temperature, which is reported in 8 articles. Besides these parameters, a specific trend on the 

measurement of objective parameters was not observed. 

Most articles only consider the overall thermal sensation and thermal comfort. The assessment of 

local thermal discomfort is solely presented in a total of 8 articles. Table 8 shows the thermal scales 

considered to assess thermal sensation and/or thermal comfort in the selected articles. The use of 

other subjective scales is also represented, as well as the summary of the article assessing the local 

subjective thermal sensation and/or thermal comfort. 

The 7-point thermal sensation scale presented in the ISO 7730:2005 (ISO, 2005a) and ASHRAE 

55-2010 (ASHRAE, 2010), or the “ASHRAE 7-point scale” is the most used to assess thermal 

sensation, being considered in 13 studies. The assessment of thermal comfort presents a wider 

variability of scales. The assessment of thermal comfort is less consensual and the use of three 

scales can be highlighted: (i) a 4-point scale ranging from +1 (comfortable) to +4 (very 

uncomfortable) – considered in 5 articles, and (ii) a 4-point scale, ranging from -3 (very 

uncomfortable) to 0 (comfortable) – considered in 4 articles. 
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Table 7 – Personal and environmental parameters affecting thermal comfort. 

Reference 

Clothing 

insulation 

(clo) 

Metabolic rate  

(met) 

Air temperature 

(°C) 

Relative humidity 

(%) 
Air velocity (m/s) 

Berglund and Gonzalez (1977) 0.43 – 34-36 10-40 Torr (ambient vapor temperature) 01-2.4 

Beshir and Ramsey (1981) 0.6 – 23.3-43.3 (Wet Bulb Globe Temperature) – – 

Castellani et al. (2018) 2 – 0.5 ± 0.5 51±3 1.34 

Cheng and Lin (2016) 0.57 1 27 50-65 0.05-3.0 

Choi et al. (2003) 1.1-1.3 1.1-1.3 18-23 30±10 < 2.0 

Chow et al. (2010) 0.55 1 25-30 50-80 0.1-0.2  

Chung and Tong (1990) 0.6 – 21-28 40-80 0.1 

Du et al. (2018) 0.32 1 28-34 60 0-1.4 

Fan et al. (2019) 0.39 – 26-37 70 < 0.1 

Fanger et al. (1977) 0.6 – 25 20-30 < 0.1 

Fanger et al. (1974a) 0.6 – 22.2-27.5 50 < 0.1 

Fanger et al. (1974b) 0.6 < 1 24.57-24.88 50 < 0.1 

Garretón et al. (2016) – – 13-28 30-45 – 

Gonzalez et al. (1974) 0-0.6 – 15-40 10-45 Torr (ambient vapor pressure) 0.25-0.3 

Griffiths and McIntyre (1974) – – 18.5-26.6 – < 0.1 

Grivel and Candas (1991) 0.6±0.1 1 15.1-35.1 1.6 kPa 0.25 

Hasebe et al. (1995) 0.6 – 20-30 55.6±1.3 0.1 

Jin et al. (2017) 0.57 1.1 26-36 45-90 – 

Kakitsuba (2019) 0.27 0.8-1.1 26-30 60 – 

Kakitsuba and White (2014) 0.04 0.9-1.2 26-30 60 – 

Kubo et al. (1997) 0.3-0.6 – 26-32 30-80 – 

Kwon and Choi (2012) 0.74-2.70 1 5-29 45±5 0.14±0.01 
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Reference 

Clothing 

insulation 

(clo) 

Metabolic rate  

(met) 

Air temperature 

(°C) 

Relative humidity 

(%) 
Air velocity (m/s) 

Lee et al. (2008) 0.7-1.2 – 19 40 < 0.3 

Lee et al. (2011a) 1.05-1.46 – 1 25-32 50 – 

McIntyre (1976) 0-1.25 – 18-31 – – 

McIntyre (1978) 0.61;0.482 – 23 20-70; 20-603 < 0.1 

McIntyre et al. (1975) 0.74±0.1 – 15-19 9 mb < 0.1 

Oseland (1995) 0.87 1.2 18-26 41.6 0.1 

Pellerin and Candas (2004) 0.6 – 18-30 – 0.1 

Rohles Jr and Nevins (1973) 0.4-0.8 – 15-37 15-85 < 0.23 

Rohles (1971) 0.6 – 15-37 15-85 < 0.23 

Rohles and Wells (1976) 0.76 – 23.34 – – 

Toftum et al. (1998) 0.63-0.90 1.2 25 50-80 0.1 

Wyon et al. (1975) 0.6-1.5 – 17.5-20 50 < 0.1 

Yang and Moon (2019) 0.75 – 20-30 45 < 0.1 

Zhang and Zhao (2008) – – 28-35 40 1 

Zhang et al. (2017) 0.57 1 20-32 50-70 < 0.1 

Arens et al. (2006) 0.32 – 16-32 – – 

Gagge et al. (1967) – – 12-48 <40 0.05 

1: A rest and an activity scenario are considered. The metabolic rate for the subject in rest is not given, then the range is not presented. 

2: Average values for each of the experiments. 

3: Ranges for each of the experiments. 

4: Effective temperature 
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Table 8 – Scales adopted to conduct subjective assessments in the reviewed studies. Legend: Y = yes; N = no. 

Reference Thermal sensation scale Thermal comfort scale 

Assessment of local 

thermal sensation 

and/or discomfort 

Other scales 

Arens and Hui (2006) 
9-point scale ranging from +4 

(very hot) to -4 (very cold) 

6-point scale ranging from +0 

(comfortable) to -4 (very uncomfortable) 
Y Local thermal sensation and thermal comfort 

Berglund and Gonzalez 

(1977) 

4-point scale, ranging from 

‘cold to 'hot' 

Discomfort Scale, ranging from ‘none’ to 

considerable' 
N Sense of sweating 

Beshir and Ramsey 

(1981) 

9-point scale, ranging from +1 

(cold) to +9 (extremely hot) 
– N 

Estimates of drowsiness boredom and fatigue 

based on 0 (no) and (1) yes 

Castellani et al. (2018) 

9-point scale, ranging from 0 

(unbearably cold) to 8 

(unbearably hot) 

– Y Thermal sensation on hands, face, and feet 

Cheng and Lin (2016) ASHRAE’s 7-point scale 
6-point scale, ranging from -2 (very 

uncomfortable) to +2 (very comfortable) 
N 

Opinions on temperature and air movement 

preference were also collected 

Choi et al. (2003) ASHRAE’s 7-point scale 
5-point scale, ranging from ‘comfortable’ 

to ‘very uncomfortable' 
Y Hand and foot thermal sensation 

Chow et al. (2010) ASHRAE’s 7-point scale – N Thermal preference 

Chung and Tong (1990) ASHRAE’s 7-point scale 
4-point scale, ranging from 0 

(comfortable) to -3 (very uncomfortable) 
N Thermal acceptability; preferred temperature 

Du et al. (2018) ASHRAE’s 7-point scale – N 

7-point scale for air movement sensation and 3-

point scale for environmental expectations for 

temperatures and air velocity 
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Reference Thermal sensation scale Thermal comfort scale 

Assessment of local 

thermal sensation 

and/or discomfort 

Other scales 

Fan et al. (2019) 
9-nine-point scale, based on 

ISO 10551:2010 (ISO, 2019) 

6-point scale, ranging from -2 (very 

uncomfortable) to 2 (very comfortable) 
N 

Perceived air quality, acceptability of the 

thermal environment, odor intensity, self-

estimated work performance, acute health 

symptoms, sleepiness 

Fanger et al. (1974a)2 – – N – 

Fanger et al. (1974b)2 – – N – 

Fanger et al. (1977)2 – – N – 

Gagge et al. (1967) ASHRAE’s 7-point scale 
4-point scale ranging from +1 

(comfortable) to +4 (very uncomfortable) 
N – 

Garretón et al. (2016) ASHRAE’s 7-point scale – N Glare sensation vote 

Gonzalez et al. (1974) – 
Warm or cold discomfort was measured by 

the method of magnitudes estimates 
N The magnitude of discomfort (from 0 to 60) 

Griffiths and McIntyre 

(1974) 
7-point scale – Bedford Scale N – 

Grivel and Candas 

(1991) 

7-point scale ranging from -3 

(very cold) to +3 (hot) 

cold, neither cold nor warm, 

slightly warm, warm, hot 

6-point scale ranging from -3 (moderately) 

to +3 (very pleasant) 

cold, neither cold nor warm, slightly 

warm, warm, hot 

N – 

Hasebe et al. (1995) ASHRAE’s 7-point scale 
4-point scale, ranging from -3 (very 

uncomfortable) to 0 (comfortable) 
N Acceptability of the thermal environment 

Jin et al. (2017) 
9-point extended scale from 

ISO 10551:1995 (ISO, 1995a) 

4-point scale, ranging from +1 

(comfortable) to +4 (very uncomfortable) 
N Thermal acceptability and humid sensation 

Kakitsuba (2019) ASHRAE’s 7-point scale 
4-point scale ranging from 0 (comfortable) 

to -3 (very uncomfortable) 
N – 
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Reference Thermal sensation scale Thermal comfort scale 

Assessment of local 

thermal sensation 

and/or discomfort 

Other scales 

Kakitsuba and White 

(2014) 
ASHRAE’s 7-point scale 

4-point scale ranging from 0 (comfortable) 

to -3 (very uncomfortable) 
N – 

Kubo et al. (1997) 9-point scale – Y Local thermal sensation vote (9-point scale) 

Kwon and Choi (2012) 
7-point scale (ranging from +1 

to +7) 
6-point scale (ranging from +1 to +6) N – 

Lee et al. (2008) ASHRAE’s 7-point scale – Y 
Thermal preference, hand and foot thermal 

sensation 

Lee et al. (2011a) – 7-point scale (ranging from -3 to +3) Y 7-point scale for wet sensation and skin wetness 

McIntyre et al. (1975) 7-point scale – Bedford Scale N Y 

McIntyre (1978) 7-point scale – Bedford Scale 

7-point scale – Bedford Scale, and 7-point 

scale (ranging from 1 - pleasant to 7- 

unpleasant) 

N 

Skin moistness scale, eye irritation scale, 

thermal preference scales, Personality Inventory 

test, Nowlis Mood Adjective, Checklist, among 

others 

McIntyre (1976) 7-point scale – Bedford Scale Y N 

Oseland (1995) ASHRAE’s 7-point scale  – N Heart rate 

Pellerin and Candas 

(2004) 

From extremely cold (0) to 

extremely warm (100) 

Thermal comfort estimate from extremely 

unpleasant (50) to extremely pleasant (50) 
N 

Thermal preference, Acoustic perception, 

Acoustic preference, and Acoustic  comfort  

estimate: from extremely unpleasant (50) to 

extremely pleasant (50) 

Rohles Jr and Nevins 

(1973) 
– 

7-point scale, ranging from 1 (cold) to 7 

(hot) – and 4 representing ‘comfortable’ 
N – 

Rohles (1971) – 
7-point scale, ranging from 1 (cold) to 7 

(hot) – and 4 representing ‘comfortable’ 
N 

Skin humidity (two 7-point scales) and 

acceptability of skin wetness 
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Reference Thermal sensation scale Thermal comfort scale 

Assessment of local 

thermal sensation 

and/or discomfort 

Other scales 

Rohles and Wells (1976) 
9-point scale, ranging from +9 

(very hot) to +1 (very cold) 

4-point scale, ranging from +1 

(comfortable) to +4 (very uncomfortable) 
N – 

Toftum et al. (1998) ASHRAE’s 7-point scale – Y 
Skin humidity (two 7-point scales) and 

acceptability of skin wetness 

Wyon et al. (1975)2 

5-point scale, ranging from 

'much too cold' to 'much too 

warm' 

– N 
Performance tests, the freshness of the air, 

arousal and fatigue assessment 

Yang and Moon (2019) – 
11-point scale based on ISO 15666: 2003 

(ISO, 2003) 
N 

11-point scale based on ISO 15666:2003 (ISO, 

2003) 

for acoustic comfort, visual comfort, indoor 

environmental comfort 

Zhang and Zhao (2008) ASHRAE’s 7-point scale 
6-point scale (+2 to -2, ranging from very 

comfortable to very uncomfortable) 
Y Thermal acceptability 

Zhang et al. (2017) 
9-point extended scale from 

ISO 15001:1995 (ISO, 1995a) 

4-point scale ranging from +1 

(comfortable) to +4 (very uncomfortable) 
N Thermal acceptability 

1 Referred to as a thermal discomfort scale. 

2 The study has considered the preferred temperature of subjects to assess comfort.  

 



Master in Occupational Safety and Hygiene Engineering 

38 Scoping review 

4.3.3 Classification of studies 

The studies included in qualitative synthesis were classified into 5 groups, as described in Section 

4.2. This classification is summarized in Table 9 and further disclosed in Section 4.3.3.1 to Section 

4.3.3.5. 

Table 9 – Summary of reviewed articles per category and sub-category. 

Category Sub-category References 

Assessment of 

thermal comfort 

parameters 

Air temperature 

Gagge et al. (1967); Griffiths and McIntyre (1974); 

Kakitsuba (2019); Kakitsuba and White (2014); Zhang 

and Zhao (2008) 

Air velocity Du et al. (2018); Kubo et al. (1997) 

Clothing insulation 
Choi et al. (2003); Kwon and Choi (2012); Lee et al. 

(2008); McIntyre et al. (1975) 

Relative humidity McIntyre (1978) 

Several parameters 

simultaneously 

Berglund and Gonzalez (1977); Fan et al. (2019); Jin et 

al. (2017); Kakitsuba (2016); Lee et al. (2011a); 

Rohles Jr and Nevins (1973); Toftum et al. (1998) 

Effects of other 

parameters 

Noise level Pellerin and Candas (2004) 

Color and noise level Fanger et al. (1977) 

Interior design Rohles and Wells (1976) 

Period of the day Fanger et al. (1974a); Fanger et al. (1974b) 

Other Garretón et al. (2016); Yang and Moon (2019) 

Effects of fatigue, 

boredom, 

performance or 

similar 

Drowsiness, boredom, and 

fatigue 
Beshir and Ramsey (1981) 

Manual dexterity Castellani et al. (2018) 

Mental performance Wyon et al. (1975) 

Thermal sensation or comfort of a group 
Chow et al. (2010); Chung and Tong (1990); Grivel 

and Candas (1991); Zhang et al. (2017) 

Other aspects 

Assessment of ventilation 

system 
Cheng and Lin (2016) 

Comparison of environments Oseland (1995) 

Comparison of local and overall 

thermal comfort 
Arens et al. (2006) 

Scales and indexes 
Gonzales et al. (2011); Hasebe et al. (1995); McIntyre 

(1976) 

 Variation of comfort parameters 

According to the thermal comfort equation (Fanger, 1970), thermal comfort is mostly affected by 

personal (metabolism and clothing insulation) and environmental parameters (air temperature, 

mean radiant temperature, air velocity, and humidity. This section presents the reviewed articles 
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that considered one or more of these parameters to assess thermal sensation and/or thermal 

comfort. 

Air temperature 

Air temperature is assessed as a thermal comfort parameter in 5 of the reviewed articles (Gagge et 

al. (1967); (Griffiths and McIntyre, 1974; Kakitsuba, 2019; Kakitsuba and White, 2014; Zhang 

and Zhao, 2008). In three of the articles, the correlation of changes in air temperature to thermal 

sensation and/or thermal comfort (Gagge et al., 1967; Griffiths and McIntyre, 1974; Kakitsuba, 

2019; Kakitsuba and White, 2014) are assessed. In Zhang and Zhao (2008) different air 

temperatures are used to compare thermal sensation, acceptability, and comfort in uniform and 

non-uniform conditions. 

In Griffiths and McIntyre (1974), experiments were conducted to examine human sensitivity to 

monotonic temperature changes over a working day. The results show that sensations of warmth 

follow temperature very closely even with small changes over the test period. Their results suggest 

that the variation of temperature should not be superior to 1°C/h. 

In Kakitsuba and White (2014), 10 male subjects were exposed to step changes in air temperature 

during a 9-hour experiment. The same experimental conditions were adopted in Kakitsuba (2019), 

considering 8 females. Both studies demonstrated the effect of change in ambient temperature on 

the core temperature of subjects during the daytime. In both assessments, thermal comfort votes 

presented variations overtime both when air temperature suffered stepwise changes and when it 

was kept constant. 

Air velocity 

Air velocity is the less assessed parameter in the reviewed literature. Changes in air velocity were 

conducted in two articles (Du et al., 2018; Kubo et al., 1997). In both studies, the thermal sensation 

is assessed considering changes in air velocity over different environmental scenarios. 

Du et al. (2018) assess the cooling efficiency of air velocity and upper-temperature limits. In their 

assessment, relative humidity is maintained constant in 4 scenarios consisting of 4 different air 

temperatures. For each of these scenarios, different air velocities are considered. They conclude 

that the mean skin temperature and the thermal sensation vote are improved by increasing air 

velocities at temperatures under or equal to 32°C. However, higher air velocity at 34°C fails to 

reduce the mean skin temperature and thermal sensation vote, affecting the overall thermal comfort 

of subjects. 

Kubo et al. (1997) assessed the preferred air velocity to maintain thermal comfort simulating the 

four seasons by controlling the relative humidity and the air temperature, comparing young and 

old subjects. They have shown that the preferred air temperature increases as the air temperature 

and relative humidity increases, yet seasonal variation is not relevant. Besides, the experiments 

also demonstrate that older people tend to prefer higher air velocities to maintain thermal comfort. 
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Clothing insulation 

Thermal sensation and thermal comfort responses due to changes in the clothing insulations is 

performed in 4 articles (Choi et al., 2003; Kwon and Choi, 2012; Lee et al., 2008; McIntyre et al., 

1975). Except for the work of Kwon and Choi (2012), which investigated the level of clothing 

insulation people wear in daily life, all studies assessed the effect of added clothing in different 

environmental conditions. 

The work of McIntyre et al. (1975) is one of the pioneer works assessing the effects of clothing 

insulation with human subjects. In their work, 41 sedentary subjects in two different experimental 

conditions assessed the effects of adding a woolen sweater. The results demonstrate that the 

increase of clothing insulation affects the thermal sensation vote, but not the overall thermal 

comfort – which could be explained by local thermal discomfort on the feet. 

In Choi et al. (2003), six men participated in the experiments. The experimental conditions 

considered two different environmental conditions – summer (23°C) and winter (18°C). The 

subjects wore thermal underwear (long-sleeved shirts and long trousers) in winter conditions. 

Their results showed a statistically significant difference in thermal sensation between the two 

conditions but not in thermal comfort. The skin temperature of the participant’s trunks was not 

different in these conditions. However, the skin temperature of hands and feet was significantly 

lower under winter conditions than in summer conditions. 

Lee et al. (2008) also assessed the influence of wearing thermal underwear (long-sleeved shirts 

and long trousers), comparing young and old subjects. In this assessment, the air temperature was 

maintained constant at 19°C. The increase in clothing insulation improved thermal comfort only 

for young subjects. The study concluded that clothing insulation affects the thermal comfort of all 

groups, but the elderly group was less sensitive to the change of the thermal environment. 

However, local skin temperatures and thermal sensation in the hands and feet were not affected 

using thermal underwear in the elderly but affected the young female group. 

Kwon and Choi (2012) assessed the clothing insulation of people engaged in sedentary activities 

across a year, simulating the mean monthly air temperature in Seoul. The article established the 

level of clothing insulation to maintain the thermal comfort of these subjects. The results of Kwon 

and Choi (2012) showed that the subjects taking part in their study wore less clothing insulation 

when the air temperature was below 20°C and higher clothing insulation when the air temperature 

was superior to 20°C when compared to the clothing insulation wore by subjects in similar studies. 

Relative humidity 

McIntyre (1978) was the only of the selected article that assessed only the effects of changes in 

the relative humidity in the thermal sensation and thermal comfort. In this article, two experiments 

are reported. In both experiments the air temperature is maintained constant at 23°C, while the 

relative humidity is changed in the range of 20% to 70% and 20% to 60%, considering 10% step-

changes. 

The experiment considering variations of 20% to 70% was performed with 12 males and 12 

females. The results of this assessment showed a linear correlation of the skin moistness scale to 
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the increase in the relative humidity. Besides, low and high humidity (20% and 70%, respectively) 

were perceived as warmer than the middle range.  

The experiment considering variations of 20% to 70% was conducted with 52 males and 53 

females from 11 am to 4 pm. In this experiment, no major effects of relative humidity were 

evidenced. However, thermal sensation differed over the day and subjects reported to feel warmer 

in the afternoon. 

Several parameters simultaneously 

Rohles (1971) and Rohles Jr and Nevins (1973) are pioneers studies on thermal comfort. In both 

studies, 1600 subjects are exposed to different air temperature and air relative humidity conditions 

to assess their subjective perception of thermal comfort. In Rohles (1971) the range of temperatures 

and relative humidity to which subjects reported to feel comfortable is defined. This assessment is 

validated in and Rohles Jr and Nevins (1973), where the relationship of the effects of age and 

clothing on thermal comfort are also investigated. 

The role of sweat and skin humidity was investigated by several articles in the reviewed literature 

(Berglund and Gonzalez, 1977; Lee et al., 2011a; Toftum et al., 1998). Toftum et al. (1998) 

investigated the role of skin humidity as a predictor of thermal discomfort for sedentary subjects 

in conditions of thermal neutrality considering different levels of clothing insulations and relative 

humidity. Berglund and Gonzalez (1977) assessed stress thermal sensation, thermal discomfort, 

and sensation of sweat in four sedentary and not acclimatized male subjects exposed to different 

levels of air humidity and air velocity. Lee et al. (2011a) assessed the perceived skin wetness as 

an index to evaluate heat strain making use of different combinations of air temperature and 

clothing insulations.  

Similarly, Jin et al. (2017) and Fan et al. (2019) assessed the impact of different air temperatures 

and relative humidity in thermal comfort. In Jin et al. (2017), 30 subjects from the hot humid 

climate assessed 10 different experimental conditions combining air relative humidity and air 

temperature. Fan et al. (2019) exposed 32 subjects to increased air temperatures at 70% relative 

humidity. 

The results of Jin et al. (2017) show that below a relative humidity of 70%, the impact of relative 

humidity on thermal sensation was not significant. However, when the relative humidity was 

above 70%, the thermal sensation was significant and increased (subjects reported to fell hotter). 

For thermal comfort, statistically significant results were obtained when the relative humidity was 

increased for different combinations of relative humidity and air temperature (subjects reported to 

feel less comfortable). Besides, the study demonstrated that its subjects have a higher sensibility 

and stronger adaptation to high temperatures and high humidity, respectively when compared to 

similar assessments considering individuals from other regions. 

Fan et al. (2019) aimed to provide evidence on the effects of elevated temperature at high relative 

humidity and therefore conducted neurobehavioral tests and assessed cognitive aspects, such as 

self-reported work performance, and sleepiness. Exposure to increased air temperature increased 

thermal discomfort and perceived odor intensity, as well as the intensity of acute health symptoms, 
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increased with temperature, which is due to a subjective feeling of thermal discomfort rather than 

by a more pronounced physiological response. 

 Effects of fatigue, boredom, performance or similar 

Three studies have assessed the effects of thermal comfort in cognitive aspects, such as fatigue, 

manual dexterity, and performance (Beshir and Ramsey, 1981; Castellani et al., 2018; Wyon et al., 

1975). Fan et al. (2019) are not included in this category since their assessment of cognitive 

parameters and physiological reactions have not focused on the correlation of these aspects to 

thermal sensation and thermal comfort. 

Beshir and Ramsey (1981) investigated the effect of heat on thermal sensation, drowsiness, 

boredom, and fatigue in 46 subjects. Their study exposed the subjects to a range of 23.3°C WBGT 

to 43.3°C WBGT. Both for males and females, the drowsiness, boredom, and fatigue reached a 

peak at 32.2°C WBGT. Regarding gender differences, females reported higher levels of both 

drowsiness and boredom than the males at all temperatures and greater discomfort in temperature 

extremes while males reported higher fatigue at high temperatures. 

The effects of changes in manual dexterity under cold exposure were assessed in Castellani et al. 

(2018). Manual dexterity and strength measurements considered fine and gross motor dexterity, 

and pinch and grip strength, respectively. Their findings suggest that manual dexterity, finger 

strength, and thermal sensation are improved when the temperatures of hand and finger are 

increased prior to the cold exposure.  

Wyon et al. (1975) maintained 32 subjects conducting sedentary work in two different thermal 

comfort conditions, differentiated by different levels of clothing insulation and air temperatures. 

The experiment measured their performance over 150 minutes through addition, word memory, 

and cue-utilization tests. Their results evidenced that air was perceived as fresher in cold 

conditions, but the cognitive performance was not affected under the different conditions of 

thermal comfort. 

 Effects of other parameters 

Articles in this group are those that evaluate parameters that are not considered in the thermal 

comfort equation. In total, 9 articles are included in this group, addressing multiple parameters and 

their correlation to the thermal sensation and thermal comfort. 

The earliest research in this group works assessing the influence of the time of the day in the human 

thermal comfort (Fanger et al., 1974a; Fanger et al., 1974b). These studies assessed the differences 

in thermal comfort during day and night. In both, no significant difference was observed between 

ambient temperatures preferred by subjects in the morning and in the evening. However, these 

articles do not assess the effects of the circadian rhythm in thermal comfort. 

Later, Fanger et al. (1977) exposed 16 subjects to assess the effect of color and noise in the 

preferred ambient temperature. The experiments considered all combinations of two different 

colored light and two noise levels. It was demonstrated that the effect of color and noise is very 

small and does not affect significantly the preferred ambient temperature of subjects. 
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Rohles and Wells (1976) investigated if room decor and embellishments affected the thermal 

sensation. Their findings evidenced that even in the same environmental conditions, thermal 

sensation vote in a climatic chamber modified with paneled walls, carpet, indirect lighting, and 

furniture was superior to a typical room, even though there was no difference in the comfort 

responses. 

The assessment of the influence of noise on thermal comfort was assessed by Pellerin and Candas 

(2004) which considered three different temperatures (18°C, 24°C, and 30°C) and three noise 

levels (35 dBA, 60 dBA, and 75 dBA). Differently from the findings of Fanger et al. (1977), 

Pellerin and Candas (2004) found that the perception of the acoustic environment is altered by the 

thermal strain and that high noise levels increase thermal discomfort. However, both Fanger et al. 

(1977) and Pellerin and Candas (2004) evidenced that physiological parameters (skin temperature) 

are not affected by the interaction of noise and temperature. 

Another aspect investigated in this group of articles is the correlation of thermal sensation to the 

illuminance and the visual comfort. In the study conducted by Garretón et al. (2016), the results 

suggested that the perception of discomfort glare will be affected outside when individuals are 

outside the thermal comfort zone. 

Yang and Moon (2019) also assessed thermal comfort and visual comfort, but also considered the 

influence of different noise levels. In this study, different steady-state thermal conditions were 

assessed with different noise levels and illuminance conditions. Thermal comfort was affected by 

acoustic, thermal, and illumination conditions and acoustic comfort increases in thermoneutral 

conditions, and visual comfort increases with a decrease in the noise level at thermoneutrality. 

Thermal comfort, acoustic comfort, and visual comfort impacted indoor environmental comfort. 

 Thermal effects of a group 

This section includes articles that aimed at the identification of the thermal comfort zone of a given 

group of subjects. Four articles are included in this classification, from which 3 assess subjects in 

China (Chow et al., 2010; Chung and Tong, 1990; Zhang et al., 2017) and 1 assesses European 

subjects (Grivel and Candas, 1991). Except for Zhang et al. (2017), which compare two groups in 

China, the articles in this category aim to establish the thermal comfort zones for their population 

sample, in an attempt to obtain recommendations to people with similar acclimatization. 

Zhang et al. (2017) have compared the thermal comfort of urban and rural residents of China. The 

study identifies that the thermal neutral standard effective for rural residents in the hot and humid 

area of China corresponds to 22.9-30.7°C. The obtained range is lower than the ranges obtained 

from similar studies considering urban participants. 

Chung and Tong (1990) evaluated the thermal comfort zone for Chinese from Hong Kong, 

evidencing that the neutral zone is delimited to the range of air temperatures of 22.2°C and 25.2°C, 

24.9°C being the neutral temperature. Chow et al. (2010) also provided recommendations for the 

thermal comfort of subjects located in Hong Kong, China. In their study, they evidenced that 

subjects are not sensitive to relative humidity and the neutral temperature for the sedentary 

working environment is 25.4°C. 
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Grivel and Candas (1991) assessed the thermal comfort of the Europeans. In their experiment, the 

subjects could adjust the air temperature according to their thermal preference, while relative 

humidity and air velocity remained constant. They evidenced a preferred air temperature of 

26.6±2.6°C. 

 Other aspects  

This section includes articles in which other aspects regarding the subjective thermal sensation and 

comfort are analyzed. It includes the assessment of a stratum ventilation system in thermal comfort 

(Cheng and Lin, 2016), the use of the R-R interval (or heart rate variability) and the coefficient of 

variation in R-R intervals to assess thermal comfort (Hasebe et al., 1995). This group also includes 

the case of studies assessing different metrics to thermal comfort (Gonzalez et al., 1974; McIntyre, 

1976), thermal environments (Oseland, 1995), and the assessment of local discomfort (Arens et 

al., 2006). 

In Hasebe et al. (1995), the R-R interval in most subjects at the operative temperature of 20°C was 

significantly increased when compared to operative temperatures of 26°C and at 30°C. Their study 

also shows that, when compared to the exposure to 26°C, individuals exposed to 20°C showed a 

reduction in the skin temperature, thermal sensation, and thermal comfort and an increase of their 

R-R interval. When compared with the results at 26°C, at 30°C all subjects showed rising skin 

temperature and thermal sensation, reduced thermal comfort and a decreased R-R interval. 

Gonzalez et al. (1974) evaluated the “Effective Temperature” and the “Standard Effective 

Temperature” as a biometeorological index to predict thermal comfort. These indexes consist of 

an effort to establish a unique index of thermal discomfort of sedentary subjects. Similarly, 

McIntyre (1976) made use of the strength of gripping a dynamometer to indicate their thermal 

sensation. Even though the strength of grip was consistently related to thermal sensation vote, the 

range of grips employed by different subjects did not allow a comparison among them. 

Still in this group of articles, the comparison of different thermal environments is included. 

Oseland (1995) compared the thermal sensation of 30 subjects in their homes, offices, and in a 

thermal chamber. Even when the same activities where performed, maintaining the same clothing 

insulation, and environmental conditions, thermal sensation have differed. The subjects have 

reported feeling warmer in their homes than in the office and warmer in the office than in a climate 

chamber. Their results have also shown differences in the reported neutral temperature across 

environments. 

Arens and Hui (2006) compared the overall thermal sensation and thermal comfort to the thermal 

sensation and thermal comfort of local body parts. This study shows that some of the body parts 

(head, face, breathing zone, back, and pelvis) are less sensitive than the whole body to 

environmental differences. In general, the thermal sensation and thermal comfort follow the 

warmest sensation in warm environments and the coldest in cool environments. 
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4.4 Discussion 

The scoping review assessed a total of 39 peer-reviewed articles. The identification of the selected 

articles followed the scoping review protocol presented in Section 3. The assessment of such 

articles followed the PRISMA-ScR, an extension of PRISMA for scoping reviews (Moher et al., 

2009; Tricco et al., 2018). The included studies varied greatly in sample size and methods, which 

did not allow a meta-analysis to support the comparison of their results. 

The studies vary largely regarding the assessed thermal environment, which translates in a 

significant difficulty to compare the obtained results. Most the selected studies consider solely a 

thermoneutral environment to assess thermal sensation and/or thermal comfort.  

Another aspect that complicates the comparison of assessments is the subjective responses of the 

participants of each study. The 7-point scale proposed both by ASHRAE 55-2010 and in ISO 

7730:2005 (ISO, 2005a), is used in a total of 13 studies, making it the most used scale to assess 

thermal sensation. However, the scales used to the subjective assessment of thermal comfort varied 

largely across studies.  

Several of the reviewed articles have demonstrated the effect of physiological mechanisms on 

thermal sensation, such as the increase of skin temperature and decrease of the R-R intervals in 

higher air temperatures. In total, 25 articles have measured the skin temperature to support the 

assessment of the thermal sensation and/or thermal comfort. 

Most studies reported the existence of gender differences in thermal sensation and thermal 

comfort. Additionally, some studies demonstrated that there are differences in the thermal 

sensation and the thermal comfort experienced by adults and the elderly (Kubo et al., 1997; Lee et 

al., 2008). 

The effects of multisensorial aspects, such as noise level, color, and interior design, visual comfort, 

illuminance conditions, and glare perception in thermal sensation and thermal comfort were 

evaluated by 5 articles. Older studies have not demonstrated strong correlations of thermal 

sensation and/or thermal comfort to such aspects. However, more recent studies have identified 

that thermal comfort may affect and be affected by the noise level and/or illuminance (Pellerin and 

Candas, 2004; Yang and Moon, 2019). 

Another finding is that thermal sensation and thermal comfort can vary over time while the 

environmental conditions remain constant (Cheng and Lin, 2016; Kakitsuba, 2019; Kakitsuba and 

White, 2014; Oseland, 1995; Pellerin and Candas, 2004; Toftum et al., 1998). This evidence 

suggests that other factors may influence thermal sensation and thermal comfort during the 

exposure time. 

The recent surge in the international standardization of thermal comfort criteria has led to pressure 

to adopt similar indices worldwide. However, the studies assessing the thermal comfort of specific 

groups have demonstrated that thermal sensation and thermal comfort are also dependent on the 

acclimatization conditions of people (Chow et al., 2010). Due to that, the thermal comfort zone 
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may vary for different populations of the World, as demonstrated by several studies (Chow et al., 

2010; Chung and Tong, 1990; Grivel and Candas, 1991).  

Therefore, it is necessary to consider international databases with subjective evaluations in order 

to ensure the satisfaction of the occupants who are exposed to a certain thermal environment. The 

review did not evidence any article regarding the thermal comfort zone of the Portuguese or the 

European population. The assessment of the thermal preference of different populations is an 

opportunity for further studies to account for differences related to acclimatization effects. 

4.5 Final remarks 

This scoping review sought to present how thermal comfort and thermal sensation are assessed 

experimentally in the scientific literature. The scoping review assessed qualitatively a total of 39 

articles published in the peer-reviewed journal assessing the thermal sensation and thermal comfort 

of subjects engaging in a sedentary activity. The identified articles are mostly originated from 

countries in the northern hemisphere. 

The experimental design of the selected articles varies significantly. Therefore, a meta-analysis 

was not conducted. It was also shown that the number of participants and their characteristics also 

present a great variation over the selected articles. 

The retrieved articles have been classified according to their scope. The scoping review has 

identified the ASHRAE’s 7-point scale as the preferable scale to conduct the assessment of the 

subjective thermal sensation. There is no preferable scale to assess subjective thermal comfort, but 

the use of two scales can be regarded: a 4-point scale ranging from +1 (comfortable) to +4 (very 

uncomfortable) and a 4-point scale, ranging from -3 (very uncomfortable) to 0 (comfortable). 

The effects of multisensorial aspects (odor, illuminance, noise level, illuminance, among others) 

are still poorly assessed in the scientific literature. The results of older studies demonstrate little 

or no effects of such aspects, while newer articles suggest that some interaction may occur, 

particularly when considering the effects of the noise level, illuminance, and visual comfort. 

Most studies do not conduct an assessment in the thermoneutral zone. Besides, the scoping 

reviewed showed that there are differences in the thermal comfort zone of different populations. 

Different articles in the scoping review aimed to identify the thermoneutral zone for different 

populations, showing that the existing standards may fail to predict thermal comfort for some 

populations.  

Other aspects evidenced were that thermal sensation and thermal comfort may change over time 

when all conditions are kept constant and the fact that some studies suggest that other factors may 

affect the thermal comfort over the exposure time to a thermal environment. These results translate 

into the understanding that the existing standards may fail to predict thermal sensation and thermal 

comfort for different populations, in long exposure time and when different aspects of the 

environment are considered.
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5 MATERIALS AND METHODS 

The experiments were conducted in a climatic chamber to measure the human psychophysiological 

response under different combinations of temperature and humidity during the summer of 2019 

(from 9 am to 6 pm). The climate chamber was adapted to resemble an office with mechanical 

ventilation. This section describes the participants, the materials used and the experimental 

procedure. 

5.1 Ethics Statement 

The study was strictly compliant with the Declaration of Helsinki. Informed written consent was 

obtained from each participant before their participation in the study (Annex IV). 

5.2 Participants 

The experiments were carried in a random sample of the staff and students of the University of 

Porto. The participation was voluntary. All participants were informed about the experimental 

procedure before taking part in the experiment and have given their written consent. 

Adult males and females from different nationalities were recruited to participate in the 

experiment. All the subjects were healthy and non-obese. Participants were asked not to drink or 

eat two hours before taking part in the test. They were requested not to exercise the day before the 

experiment. All participants were asked if they have taken any medication that could alter their 

cardiovascular or thermoregulatory responses to changes in temperature. 

5.3 Materials and equipment 

To simulate an office environment, office furniture (desks, monitors and chairs) were positioned 

inside the climatic chamber. The climatic chamber was adapted to consider a maximum occupation 

of two people for each essay. The available equipment was the climatic chamber, the microclimatic 

station, and the FLIR SC7000 camera Climatic chamber. The experiment arrangement is shown 

in Figure 6 and Figure 7. All equipment used to conduct the experiments is described in Sections 

5.3.1 to 5.3.5. 
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Figure 6 – Experimental arrangement in the climatic chamber (Part 1/2). 

 

Figure 7 – Experimental arrangement in the climatic chamber (Part 2/2). 

5.3.1 Climatic chamber 

The study was carried out in a climatic chamber (Phytoclimate 25000EC20) of the PROA 

laboratory, shown in Figure 8. This chamber was built according to the rules and guidelines related 

to the health and safety requirements of the European Community.  

It is possible to maintain the temperature inside the chamber between -20°C to + 50°C (± 0.5°C) 

and relative humidity of 30% to 98% (± 2%). The chamber is also equipped with O2 and CO2 

sensors that monitor the concentration of such gases in the experiments. The climatic chamber has 

been recently calibrated by the ISQ (Instituto de Soldadura e Qualidade) on 11/11/2014 – 

Certificate number 249/14 EHUM. 
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Figure 8 – Climatic chamber. 

5.3.2 Microclimatic station 

The Delta OHM Thermal Microclimate HD32.1 was used for the analysis of the microclimate in 

the indoor environment (Figure 9). With this instrument, the necessary parameters are detected to 

establish if a certain work environment is ideal for the development of some activities. The 

equipment supports the assessment of the following parameters: 

 Globe temperature. 

 Wet-bulb temperature with natural ventilation. 

 Air temperature. 

 Atmospheric pressure. 

 Relative Humidity. 

 Air velocity. 

 

Figure 9 – Microclimate station5. 

                                                 

5 https://ambergo.pt/produtos/higiene-seguranca-e-medicina-no-trabalho/hd32-1-deltaohm/, access 04/12/18. 

https://ambergo.pt/produtos/higiene-seguranca-e-medicina-no-trabalho/hd32-1-deltaohm/
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5.3.3 Thermal camera 

The thermal camera FLIR SC7000 series is specifically designed for academic and industrial 

research and scientific applications. FLIR SC7000 (Figure 10) is available in 640x512 or 325x 

256-pixel formats and provides a temperature measurement accuracy of ±1% or ±1°C. 

 

Figure 10 – FLIR SC700 thermal camera6. 

5.3.4 Heart rate and blood pressure 

Blood pressure and heart rate have often been used because they can be measured noninvasively 

and without discomfort, and because they are a good index of integrated regulatory activity in the 

body (Hasebe et al., 1995). In this assessment, heart rate and blood pressure are measured making 

use of a commercial device (OMRON - M10 IT) –similar equipment is shown in Figure 11. 

 

Figure 11 – Blood pressure monitor7. 

                                                 

6 http://www.flirmedia.com/MMC/THG/Brochures/RND_017/RND_017_US.pdf, access 09/09/18. 
7 https://www.omron-healthcare.com/eu/blood-pressure-monitors, access 04/12/18. 

http://www.flirmedia.com/MMC/THG/Brochures/RND_017/RND_017_US.pdf
https://www.omron-healthcare.com/eu/blood-pressure-monitors
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5.3.5 Height, weight, body fat, and basal metabolic rate 

Height and weight were measured making use of a mechanical column scale (SECA 700+220), 

shown in Figure 12. The instrument was recalibrated after each measurement and its precision is 

50g. The body fat and the basal metabolic rate (BMR) were measured making use of a commercial 

device (MI Body Composition Scale). 

 

Figure 12 – Mechanical column scale8. 

5.4 Experimental procedure 

The experiment is designed to be conducted into three 30-minutes stages, in a total of 90 minutes 

(Figure 13). The climatic chamber was set at a temperature of 22.0°C, with a relative humidity of 

40%. The selection of the air temperature is due to the legal compliance with the Portuguese 

Decree-Law nº 243/86 and to the research evidence that 22°C would be the temperature of the 

highest productivity for office tasks (Seppänen et al., 2006). 

Participants entered the climatic chamber in groups of two. During the experiment, the participants 

could use the computer available in the climatic chamber or use their own computer. They were 

instructed not to talk with each other, except if extremely necessary. 

                                                 

8 https://www.seca.com/en_lt/products/all-products/product-details/seca700.html, access 09/09/18. 

https://www.seca.com/en_lt/products/all-products/product-details/seca700.html
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Figure 13 – Experimental procedure design. 

In the first stage, before entering the climate chamber, anthropometric measurements were taken. 

The subjects were instructed not to talk excessively or to touch their face with their hands during 

the test duration (90 minutes). The subjects have not received any information about the conditions 

of the thermal environment.  

After the screening phase, the participants entered the climatic chamber and sat in a chair for 30 

minutes (the acclimatization period). After this period, a thermal photo of the face and of the hands 

were made, as well as the measurement of the heart rate and blood pressure. The same 

measurements were taken after the entire exposure to the thermal environment (1h30). The 

subjective assessments regarding the thermal environment were assessed every 30 minutes. 

5.4.1 Subjective assessments of overall sensation and thermal comfort 

In order to conduct the subjective assessments of the thermal environment, a questionnaire was 

handed to the subjects (Annex V). The questionnaire was available in English and Portuguese to 

account for different language preferences. The wording of the questions was based on ISO 

10551:2019 (ISO, 2019). The questionnaire was described to all subjects in the screening phase. 

The structure of the questionnaire is based on the structure of the thermal stress assessment 

recommended by ISO 10551:2019 (ISO, 2019). Therefore, the questionnaire is divided into 

questions regarding the personal thermal state and regarding the thermal ambiance. It considered 

the assessment of the following aspects: 

 Thermal sensation. 

 Thermal comfort. 

 Thermal preference. 

 Personal acceptability. 

Screening phase

• Identification of 

health conditions

• Anthropometric

measurements

• Consent form

Part I 

(30 min)

• Blood pressure

• Heart rate

• Subjective 

assessment

• Thermal photography

Part II 

(30 min)

• Subjective 

assessment

Part III 

(30 min)

• Blood pressure

• Heart rate

• Subjective 

assessment

• Thermal photography
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 Personal tolerance. 

Besides these questions, the questionnaire also asked the subjected if they were experiencing any 

local thermal discomfort and in which body areas. The questionnaire also assessed the thermal 

sensation and thermal comfort in these body areas. 

As demonstrated in the scoping review (Chapter 4), there is a lack of uniformity in the use of 

scales. Due to that, different scales have been used to assess thermal sensation and thermal 

comfort. The scales used for each of the proposed assessments are presented in Sections 5.4.1.1 to 

5.4.1.6. 

 Thermal sensation 

The thermal sensation was assessed considering two different scales, shown in Figure 14. The first 

corresponds to the 7-point scale proposed by ASHRAE 55-2010 (ASHRAE, 2010) and ISO 

7730:2005 (ISO, 2005a). The scale for thermal stress assessment recommended by ISO 

10551:1995 (ISO, 2019) is also considered9. 
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Figure 14 – Thermal sensation scales. Source: ASHRAE 55-2010 (ASHRAE, 2010) and ISO 7730:2005 (ISO, 

2005a) for scale (a) and ISO 10551:1995 (ISO, 2019) for scale (b). 

 Thermal comfort 

Due to the lack of uniformity in the use of thermal comfort scales, as evidenced in the scoping 

review, three scales are considered (Figure 15). The first scale is a 10-point scale proposed by 

Zhang (2003), the second is a 7-point scale proposed by Hagino and Hara (1992), and the third 

scale is a 4-point scale based on the guidelines provided by ISO 10551:2019 (ISO, 2019)10.  

 

 

                                                 

9 These scales are represented by I1 and I2, respectively. 
10 These scales are represented by II1, II2, and II3, respectively. 
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Figure 15 – Thermal comfort scales. Sources: Zhang (2003) for scale (a), Hagino and Hara (1992) for scale (b) and 

ISO 10551:2019 (ISO, 2019) for scale (c). 

 Thermal preference 

The thermal preference is assessed based on the scale represented in Figure 16. The thermal 

preference scale is obtained from ISO 10551:2019 (ISO, 2019). This scale measures how subjects 

would like to adapt to the thermal environment considering their own preference. 
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Figure 16 – Thermal preference scale. Source: ISO 10551:2019 (ISO, 2019). 

 Acceptability of the thermal environment 

The acceptability of the thermal environment is assessed in the subjective assessments based on 

two scales. The first scale is shown in Figure 17. In this scale, the middle break between “just 

unacceptable (-0)” and “just acceptable (+0)” forces subjects to make a broad determination about 

whether their perceived state falls in the overall category of acceptability. The second assessment 

of thermal acceptability is, referred to as personal acceptability, based on ‘yes’ or ‘no’ questions, 

as suggested by ISO 10551:2019 (ISO, 2019). 
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Figure 17 – Thermal acceptability scale. Source: ISO 10551:2019 (ISO, 2019). 

 Personal tolerance 

The scale of personal tolerance is obtained from ISO 10551:2019 (ISO, 2019). It consists of the 

selection among the following options: ‘perfectly bearable’, ‘slightly difficult to bear’, ‘fairly 

difficult to bear’, ‘very difficult to bear’, and ‘unbearable’. The responses are ranked from 0 

(‘perfectly bearable’) to +4 (‘unbearable’). 

 Local thermal discomfort 

Each questionnaire included the inquiry of local thermal sensation and thermal comfort. Figure 18 

presents the alternatives provided in the questionnaire. The selected body parts are based on the 

14 measurement sites for skin temperature recommended by ISO 9886:2004 (ISO, 2004c) and 

additional 10 other measurement points, as suggested by Schellen et al. (2011). The assessment of 

thermal sensation and thermal comfort in these body areas considered the same scales presented 

in Section 5.4.1. 

 

Figure 18 – Scheme for the identification of body parts. Source: Schellen et al. (2011). 

5.4.2 Level of physical activity 

In order to investigate if the level of physical activity influences the thermal sensation and thermal 

comfort of subjects, the long version of the International Physical Activity Questionnaires 
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(IPAQ)11 was handled to participants. The items in IPAQ and its purpose were described briefly 

to all participants. 

The IPAQ was developed in 2008 to facilitate surveillance of physical activity based on a global 

standard (Craig et al., 2003). IPAQ is the most used physical activity questionnaire and it is the 

most widely validated questionnaire at present (van Poppel et al., 2010). The reliability and 

validity of IPAQ are widely assessed in different studies across the scientific literature (Craig et 

al., 2003; Lee et al., 2011b). 

Two versions are available: the 31-item long-form (IPAQ-LF) and the 9-item short form (IPAQ-

SF). The long version is composed of five sections, which assess the job-related level of physical 

activity, transportation physical activity, and physical activities in the household, leisure-time 

physical activity, and time spent sitting. The scoring system of the questionnaire results in three 

levels of physical activity to classify populations: low, moderate, and high (IPAQ Group, 2005).  

 

 

 

                                                 

11 http://www.ipaq.ki.se, access 02/01/19. 

http://www.ipaq.ki.se/
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6 RESULTS AND DISCUSSION 

6.1 Characteristics of the participants 

In total, 32 participants took part in the experiments, from which 17 were males and 15 females. 

All participants were adults, healthy, and non-obese. Participants reported not to take any 

medication that can change their cardiovascular, hormonal or thermoregulatory responses to 

temperature changes. The anthropometric characteristics of all participants are provided in Table 

10. The characteristics of participants per gender are shown in Table 11. 

Table 10 – Anthropometric data of participants. Legend: BMI – Body Mass Index, BMR – Basal metabolic rate. 

Parameters Age Height (cm) Weight (kg) Body fat (%) BMI 
BMR 

(kcal) 

N 32 32 32 32 32 32 

Range 21.65 37.00 51.000 26.8 18.7 766.0 

Minimum 23.59 149.50 48.150 13.8 13.8 1052.0 

Maximum 45.24 186.50 99.150 40.6 32.5 1818.0 

Mean 32.57 168.70 69.577 27.2 23.7 1397.1 

Std. Deviation 5.92 8.30 13.587 6.6 4.3 215.2 

Variance 35.10 68.90 184.595 42.9 18.4 46294.5 

Table 11 – Anthropometric data of participants per gender. Legend: BMI – Body Mass Index, BMR – Basal metabolic 

rate. 

Gender Parameters Age 
Height 

(cm) 

Weight 

(kg) 

Body fat 

(%) 
BMI 

BMR 

(kcal) 

M 

N 17 17 17 17 17 17 

Range 19,88 22,60 33,650 21,7 18,7 571,0 

Minimum 25,36 163,90 65,500 13,8 13,8 1247,0 

Maximum 45,24 186,50 99,150 35,5 32,5 1818,0 

Mean 34,76 174,05 78,518 24,8 25,5 1556,4 

Std. Deviation 5,75 5,65 10,769 6,9 4,7 155,9 

Variance 33,11 31,94 115,963 47,0 22,6 24313,2 

F 

N 15,00 15,00 15 15 15,0 15,0 

Range 16,15 21,30 28,550 20,0 9,6 369,0 

Minimum 23,59 149,50 48,150 20,6 17,9 1052,0 

Maximum 39,74 170,80 76,700 40,6 27,5 1421,0 

Mean 30,09 162,61 59,443 29,860 21,7 1216,7 

Std. Deviation 5,24 6,45 8,314 5,164 2,6 95,1 

Variance 27,48 41,63 69,127 26,663 6,5 9045,0 
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Regarding other aspects investigated, 81.3% of the participants were non-smokers. None of the 

participants were, at the moment of the study, making use of any kind of medication for at least 

three days prior to taking part in the laboratory experiment. Only 12.5% reported the use of 

hormones (contraceptives). 

The level of physical activity and time seated were also investigated. Most of the participants (20), 

had a moderate level of physical activity (Figure 19). This level of activity corresponds to a 

minimum of 600 met-minute per week, as defined in the IPAQ scoring protocol (IPAQ Group, 

2005). 

 

Figure 19 – Level of physical activity of the participants. 

The time spent sitting was also evaluated for participants considering the time spent sitting at work 

and in leisure time, from which the weekly average of time seated was calculated. The results of 

the time seated reported by participants are summarized in Table 12. 

Table 12 – Time spent sitting. Legend: W = work time; L = leisure time, and WA = weekly average. 

Parameters Time Seated-W Time Seated-L Time-seated-WA 

Mean 480 368 448 

Median 480 300 437 

Std. Deviation 156 236 159 

Range 720 1020 754 

Minimum 180 60 1456 

Maximum 900 1080 900 
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6.2 Clothing insulation 

Participants wore their own clothes. Despite some small deviations, the participant's clothing was 

typically composed of underwear (two pieces for women), jean trousers, short-sleeved T-shirt, 

cotton socks, and shoes. The total clothing insulation was estimated based on the summation of 

individual garments as harmonized in ISO 9920:2007 (ISO, 2007a), resulting in an average of 

0.65 clo per participant.  

The chairs used in the experiments are considered to have a similar amount of insulation to a ‘carrel 

chair', which corresponds to the thermal insulation of 0.19 clo (Haghighat, 2009; McCullough et 

al., 1994). The thermal insulation of the chair was added to the total clothing insulation of subjects, 

resulting in a total clothing insulation per participant of 0.84 clo. 

6.3 Metabolic rate 

As stated in the objectives of the study, the experiments aim to assess how workers performing 

sedentary activities perceive the thermal environment. The participants could perform typical 

office tasks during the experiments (use of computers, writing, and reading, mostly). They were 

instructed not to walk around the room or to stand. 

The evaluation of the metabolic rate was conducted at level 2 (observation), as harmonized in ISO 

8996:2004 (ISO, 2004b). The “Method A” and the assessment tables provided by the Annex B of 

ISO 8996:2004 (ISO, 2004b) were considered. The metabolic rate was determined by adding to 

the baseline metabolic rate the metabolic rate for body posture (sitting, equivalent to 0Wm-2), the 

metabolic rate for the type of work and the metabolic rate for the body motion related to work 

speed (work with body hands in a medium workload, equivalent to a mean of 70Wm-2). 

Therefore, the total metabolic rate of participants in the experiment was assumed to correspond to 

the execution of light workload making use of both hands when sitting. This assumption led to a 

total metabolic rate of 70Wm-2, or approximately, 1.2 met. 

6.4 Thermal environment 

The physical quantities of the thermal environment were measured continuously by the 

microclimate station during all the experiments. The measuring heights for the physical quantities 

of an environment followed the recommendations of ISO 7726:1998 (ISO, 1998). The sensors 

were located at the abdomen level at a height of 0.60 cm, as recommended for sitting postures. 

The physical quantities measured were the wet-bulb temperature, the globe temperature, the air 

temperature, the atmospheric pressure, the relative humidity, the air velocity, and the radiant 

temperature. Table 13 summarizes the values obtained for each of these variables. 
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Table 13 – Descriptive statistics of environmental parameters. Legend: wet-bulb temperature (Tw), globe temperature 

(Tg), air temperature (Ta), atmospheric pressure (Pr), relative humidity (RH), air velocity (Va). 

Parameter 
Tw 

(°C) 

Tg 

(°C) 

Ta 

(°C) 

Pr 

(hPa) 

RH  

(%) 

Va  

(m/s) 

Tr 

(°C) 

Mean 15.2 22.7 22.5 997.9 36.6 .21 23.1 

Median 15.3 22.7 22.6 998.4 36.5 .17 23.0 

Mode 15.7 22.8 22.6 998.3 36.7 .08 22.9 

Std. Deviation .5 .2470 .3 1.5 1.65 .15 .6 

Variance .3 .061 .1 2.3 2.4 .02 .3 

Range 5.4 1.7 1.8 6.2 16.2 .64 5.0 

Minimum 13.4 21.8 21.2 994.0 33.5 .00 21.2 

Maximum 18.8 23.5 23.0 1000.2 49.7 .64 26.2 

The characteristics of this thermal environment, combined with the assumptions for the metabolic 

rate and clothing insulation led to a thermoneutral environment with the minimum, median and 

maximum values of value PMV and PMD shown in Table 1412. 

Table 14 – PMV, PPD, and thermal sensation. 

Parameter Minimum Average Maximum 

PMV -0.39 -0.27 -0.33 

PPD 8 % 6 % 7 % 

Sensation Neutral Neutral Neutral 

6.5 Thermal images 

The images obtained from the thermal camera were obtained for the hands and face (front and side 

profiles), considering the period of acclimatization and the end of the exposure. Examples are 

provided for one subject. Figure 20 and Figure 21show thermal images after acclimatization (30 

minutes). Figure 22 and Figure 23 shows the thermal images after the exposure time (90 minutes).  

The thermal images showed that all participants experienced reduced temperatures in the nose, 

cheeks, and ears (right and left sides) from acclimatization to the end of the exposure. Similarly, 

the analysis of thermal images also revealed a reduction in the temperature of the tip of the fingers 

of all participants. 

In this work, the thermal images are only presented illustratively as evidence of the changes in 

thermal sensation over the time of exposure. The temperature differences obtained from such 

images are not going to be assessed in the statistical data treatment due to limitations during the 

realization of the experiments. 

                                                 

12 Calculated with the support of http://comfort.cbe.berkeley.edu/, assess 10/08/2019. 

http://comfort.cbe.berkeley.edu/
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(a) (b) 

Figure 20 – Front (a) and hand (b) thermal images after the acclimatization (30 minutes). 

(a) (b) 

Figure 21 – Right (a) and left (b) profiles thermal images after the acclimatization (30 minutes). 

(a) (b) 

Figure 22 – Front (a) and hand (b) thermal images after the total exposure (90 minutes). 
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(a) (b) 

Figure 23 – Right (a) and lefts (b) profile thermal images after the total exposure (90 minutes). 

6.6 Statistical data treatment 

The statistical data treatment was performed in IBM® SPSS® Statistics Version 26. Except for 

the anthropometric measures, the variables were separated based on the thermal vote. The 

variables are defined and categorize as shown in Table 15. The use of medication was not 

considered since all participants reported to not have made use of any medication prior to the 

study. 

Table 15 – Description of variables. 

Code Type Subtype Variable description Scale 

id Numeric Discrete Identification of participant Continuous 

Vote Numeric Discrete Identification of voting time 1-3 

Gender Categorical Nominal 
Identify the gender of participants 

(male or female) 
Continuous 

Age Numeric Continuous Measure the age of the participant Continuous 

Smoker Categorical Nominal 
Identifies if participant smokes or 

not 
0 (no)/1 (yes) 

Hormones Categorical Nominal 
Identifies if the participant makes 

use of any hormones or not 
0 (no)/1 (yes) 

Height Numeric Continuous 
Measurement of the participant’s 

height (cm) 
Continuous 

Weight Numeric Continuous 
Measurement of participant’s 

weight (kg) 
Continuous 

Body fat Numeric Continuous 
Measurement of participant’s 

body fat (%) 
Continuous 

BMI Numeric Continuous 
Measurement of participant’s 

body mass index  
Continuous 
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Code Type Subtype Variable description Scale 

BMR Numeric Continuous 
Measurement of participant’s 

level of metabolism (%) 
Continuous 

Physical_Activity Categorical Ordinal 

Describes the participant’s level 

of physical activity – high, 

moderate, and low 

1-3 

Time_Seated_W Numeric Continuous 
Total time seated during work 

time (minutes) 
Continuous 

Time_Seated_L Numeric Continuous 
Total time seated during leisure 

activities (minutes) 
Continuous 

Time_Seated_W

A 
Numeric Continuous 

Average total time seated per 

week (minutes) 
Continuous 

HP1 Numeric Continuous 

Blood pressure after 

acclimatization – systolic 

(mmHg) 

Continuous 

LP1 Numeric Continuous 

Blood pressure after 

acclimatization – diastolic 

(mmHg) 

Continuous 

HR1 Numeric Continuous 
Heart rate after acclimatization 

(beat/minute) 
Continuous 

HP2 Numeric Continuous 
Blood pressure after exposure – 

systolic (mmHg) 
Continuous 

LP2 Numeric Continuous 
Blood pressure after exposure – 

diastolic (mmHg) 
Continuous 

HR2 Numeric Continuous 
Heart rate after exposure  

(beat /minute) 
Continuous 

I1 Categorical Ordinal 
Measurement of thermal sensation 

– first scale 
-3 to +3 

I2 Categorical Ordinal 
Measurement of thermal sensation 

– second scale 
-4 to +4 

II1 Categorical Ordinal 
Measurement of thermal comfort 

– first scale 
-4 to +4 

II2 Categorical Ordinal 
Measurement of thermal comfort 

– second scale 
-3 to +3 

II3 Categorical Ordinal 
Measurement of thermal comfort 

– third scale 
0 to +4 

III Categorical Ordinal 
Measurement of thermal 

acceptability 
-1 to +1 

IV Categorical Ordinal 
Measurement of thermal 

preference 
-3 to +3 
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Code Type Subtype Variable description Scale 

Acceptability Categorical Nominal 

Measurement of thermal 

acceptability (2) – personal 

acceptability 

0 (no)/1 (yes) 

Tolerance Categorical Ordinal 

Measurement of personal 

tolerance to the thermal 

environment  

1 to 4 

(1 = perfectly 

bearable, 2 = slightly 

difficult to bear, 3 = 

fairly difficult to 

bear, 4 = very 

difficult to bear, 

unbearable) 

Discomfort Categorical Nominal Assessment of thermal discomfort 0 (no)/1 (yes) 

6.6.1 Descriptive statistics of physiological parameters 

The experiment assessed two physiological parameters: heart rate and blood pressure. These 

parameters were measured after the acclimatization and after the exposure. Their variation over 

the time of exposure is shown in Figure 24 for the systolic and diastolic blood pressure and in 

Figure 25 for the measurement of the heart rate. 

 

Figure 24 – Mean blood pressure over the exposure time. 

 



Thermal sensation and thermal comfort of sedentary workers 

Costa, Daniele 67 

 

Figure 25 – Heart rate over the exposure time. 

The results of Figure 24 showed that the blood pressure (both systolic and diastolic) increased over 

the exposure time. On the other hand, Figure 25 showed that the mean of the heart rate was reduced 

over the exposure time. 

6.6.2 Descriptive statistics of subjective assessments 

The votes obtained for each of the subjective assessments are presented in Annex VI. The obtained 

results are represented descriptively in box plots, categorized by the time of the experiment (30, 

60, and 90 minutes). The thermal sensation votes are shown in Figure 26, the thermal comfort 

votes in Figure 27, the thermal acceptability in Figure 28, and the thermal preference in Figure 29. 

(a) 
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(b) 

Figure 26 – Thermal sensation per vote for scale 1 (a) and scale 2 (b) over the exposure time. 

(a) 

(b) 
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(c) 

Figure 27 – Thermal comfort overtime for scale 1 (a), 2 (b), and 3 (c) over the exposure time. 

 

Figure 28 – Thermal acceptability over the exposure time. 
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Figure 29 – Thermal preference over the exposure time. 

At the beginning of the test, participants were more likely to accept rather than reject the thermal 

environment, as shown in Figure 30. However, the personal acceptability of the thermal 

environment decreased over time. The same trend is observed in the tolerance to the thermal 

environment, which also decreased over the exposure (Figure 31). 

 

Figure 30  – Personal acceptability of the thermal environment over the exposure time. 
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Figure 31 – Personal tolerance to the thermal environment over the exposure time. 

After acclimatization, half of the subjects reported some local discomfort. As the exposure was 

maintained the rate of local discomfort was increased reaching about 25 of the 32 participants. The 

participant’s assessment of the local thermal discomfort over the exposure time to the thermal 

environment is shown in Figure 32. 

 

Figure 32 – Votes on thermal discomfort over the exposure time. 

6.6.3 Normality tests 

The Shapiro-Wilk test considering a confidence interval of 95% was conducted to test the 

normality of data. The ordinal variables for the subjective assessments were also considered in the 

normality tests. This is due to the fact ordinal variables with seven or more categories can be 

analyzed with parametric tests if the data is approximately normally distributed (Marshall, 2016) 
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and so, if it can be proven that the ordinal variables have normal distributions, further statistical 

tests can be then conducted. 

At first, all anthropometric measurements or other variables providing information about the 

participants were considered (Table 16). Except for BMR and the time seated in leisure time, the 

results show that all variables characterizing participants are normally distributed (p > 0.05 for the 

95% confidence interval)13 for one or more tests. 

Table 16 – Tests of normality – characteristics of participants. 

Variables 
Shapiro-Wilk 

Statistic df Sig. 

Age ,959 32 ,258 

Height ,979 32 ,778 

Weight ,956 32 ,219 

Body_fat ,966 32 ,400 

BMI ,969 32 ,465 

BMR ,944 32 ,095 

Physical_Activity ,734 32 ,000 

Time_Seated_W ,941 32 ,081 

Time_Seated_L ,871 32 ,001 

Time_Seated_WA ,974 32 ,618 

HP1 ,989 32 ,984 

LP1 ,971 32 ,520 

HR1 ,971 32 ,527 

HP2 ,969 32 ,471 

LP2 ,940 32 ,075 

HR2 ,964 32 ,356 

Table 17 shows the results for the tests of normality for the subjective assessments, classified 

according to the time of exposure. The normality test for the variable Tolerance is not performed 

because, it cannot be represented by a scale, even though this variable is classified as ordinal. The 

classification adopted for the time of exposure throughout the statistical data treatment of the 

subjective assessments is the following: 

 Vote 1: 30 minutes of exposure (or after acclimatization). 

 Vote 2: 60 minutes of exposure. 

 Vote 3: 90 minutes of exposure (or after exposure). 

From these results, it can be concluded that there is a statistically significant difference from the 

normal distribution from all variables (p < 0.05), except for I2 and II2 in vote 2 (60 minutes), and 

I2 in vote 3 (90 minutes – after exposure). 

                                                 

13 Since p-value > alpha it is not possible to reject that null hypothesis of the test that the distribution is normal. 
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Table 17 – Tests of normality of subjective assessments over the exposure time. 

Vote 
Shapiro-Wilk 

Statistic df Sig. 

30 minutes (after acclimatization) 

I1 .853 32 .000 

I2 .876 32 .002 

II1 .814 32 .000 

II2 .896 32 .005 

II3 .703 32 .000 

III .841 32 .000 

IV .823 32 .000 

60 minutes 

I1 .895 32 .005 

I2 .948 32 .129 

II1 .915 32 .015 

II2 .955 32 .194 

II3 .810 32 .000 

III .843 32 .000 

IV .903 32 .008 

90 minutes (after exposure) 

I1 .897 32 .005 

I2 .938 32 .068 

II1 .922 32 .024 

II2 .843 32 .000 

II3 .878 32 .002 

III .836 32 .000 

IV .926 32 .031 

6.6.4 Scale reliability 

This work considered two scales to assess thermal sensation and three to assess thermal comfort 

in order to assess which scale provides more reliable results to assess thermal sensation and thermal 

comfort. Therefore, this section aims to test the reliability of the questionnaire and, particularly, to 

identify which of such scales such be considered to obtain better reliability in the assessment of 

the thermal environment. 

The Cronbach's alpha evaluates the internal consistency (or reliability) associated with scores 

derived from a group of scales. It is expressed as a number between 0 and 1 and the value of alpha 

is increased if the items in a test are correlated to each other (Tavakol and Dennick, 2011). 

Several authors define acceptable values of alpha, ranging from 0.70 to 0.95 (Tavakol and 

Dennick, 2011). However, some author speaks in favor of an item-total correlation that should 

range between 0.30 and 0.70 (Ferketich, 1991). Therefore, an acceptable value of alpha is assumed 

to be 0.30. To conduct the assessment, variable IV was recorded to negative values, since it is 

negatively correlated to all other variables. 
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Table 18 shows item statistics for each scale, Table 19 the reliability statistics, and Table 20 the 

item total statistics. The observed differences between Cronbach's Alpha and Cronbach's Alpha 

Based on Standardized Items are because the latter assumes that all items have the same variance. 

Since the response option in the subjective assessment scales changes, the Cronbach’s Alpha 

Based on Standardized Items is considered for the assessment. 

Table 18 – Item statistics. 

Vote Variable Mean Std. Deviation N 

30 minutes 

(after acclimatization) 

I1 -.8750 .87067 32 

I2 -.9375 1.04534 32 

II1 .7813 1.31552 32 

II2 .3750 1.47561 32 

II3 .4688 .62136 32 

III .2875 .49302 32 

IV_Recoded -.6250 .87067 32 

60 minutes 

I1 -1.1562 1.13903 32 

I2 -1.1875 1.30600 32 

II1 .0594 1.70424 32 

II2 -.3437 1.49428 32 

II3 .9063 .96250 32 

III .1188 .49216 32 

IV_Recoded -.8750 1.00803 32 

90 minutes 

(after exposure) 

I1 -1.6250 1.09985 32 

I2 -1.8437 1.29787 32 

II1 -.5844 1.92774 32 

II2 -1.0000 1.52400 32 

II3 1.3750 .90696 32 

III .0219 .50656 32 

IV_Recoded -.6562 1.47253 32 

Table 19 – Reliability Statistics for subjective assessments. 

Vote 
Cronbach's 

Alpha 

Cronbach's Alpha Based on Standardized 

Items 

N of 

Items 

30 minutes (after acclimatization) .773 .713 7 

60 minutes .770 .747 7 

90 minutes (after exposure) .706 .657 7 
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Table 20 – Item-total statistics for subjective assessments. 

Vote Variable 

Scale Mean 

if Item 

Deleted 

Scale 

Variance if 

Item Deleted 

Corrected 

Item-Total 

Correlation 

Squared 

Multiple 

Correlation 

Cronbach's 

Alpha if 

Item Deleted 

30 minutes 

(after acclimatization) 

I1 .3500 15.315 .751 .918 .699 

I2 .4125 14.305 .732 .921 .692 

II1 -1.3062 12.341 .770 .724 .673 

II2 -.9000 11.419 .761 .740 .678 

II3 -.9937 25.539 -.754 .612 .882 

III -.8125 17.931 .722 .626 .738 

IV_Recoded .1000 16.245 .597 .584 .728 

60 minutes 

I1 -1.3219 20.303 .852 .912 .666 

I2 -1.2906 19.349 .809 .880 .665 

II1 -2.5375 16.075 .832 .874 .646 

II2 -2.1344 17.024 .900 .890 .630 

II3 -3.3844 40.283 -.889 .826 .920 

III -2.5969 26.063 .805 .725 .736 

IV_Recoded -1.6031 22.970 .658 .536 .714 

90 minutes 

(after exposure) 

I1 -2.6875 20.897 .870 .931 .570 

I2 -2.4687 19.913 .800 .935 .567 

II1 -3.7281 14.807 .831 .937 .514 

II2 -3.3125 17.549 .860 .901 .526 

II3 -5.6875 40.484 -.905 .900 .863 

III -4.3344 26.618 .762 .703 .662 

IV_Recoded -3.6562 26.205 .165 .264 .742 

Based on the results presented in Table 20, it is possible to verify that removing the scale II3 for 

thermal comfort would result in a greater Cronbach's Alpha to the group of answers. Therefore, 

this scale should be excluded from the questionnaire. For thermal sensation, scales I1 and II2 

present nearly the same Cronbach's Alpha for all votes, as well as scales II1 and II2 for thermal 

comfort. 

Further looking to this issue, Table 21 demonstrates that scale I1 and II2 correlates better to most 

of the other scales. Consequently, the scale I1 could be chosen over the scale I2 for thermal 

sensation and the scale II2 could be chosen over the scales II1 and II3 for the assessment of thermal 

comfort. 
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Table 21 – Inter-Item Correlation Matrix for subjective assessments. 

Vote Variable I1 I2 II1 II2 II3 III IV_Recoded 

30 minutes 

(after acclimatization) 

I1 1.000 .948 .582 .640 -.648 .582 .404 

I2 .948 1.000 .566 .633 -.593 .646 .363 

II1 .582 .566 1.000 .760 -.648 .551 .708 

II2 .640 .633 .760 1.000 -.726 .681 .540 

II3 -.648 -.593 -.648 -.726 1.000 -.517 -.514 

III .582 .646 .551 .681 -.517 1.000 .537 

IV_Recoded .404 .363 .708 .540 -.514 .537 1.000 

60 minutes 

I1 1.000 .934 .758 .801 -.838 .719 .579 

I2 .934 1.000 .733 .743 -.784 .668 .557 

II1 .758 .733 1.000 .915 -.846 .764 .581 

II2 .801 .743 .915 1.000 -.831 .794 .672 

II3 -.838 -.784 -.846 -.831 1.000 -.793 -.586 

III .719 .668 .764 .794 -.793 1.000 .684 

IV_Recoded .579 .557 .581 .672 -.586 .684 1.000 

90 minutes 

(after exposure) 

I1 1.000 .952 .819 .808 -.857 .772 .217 

I2 .952 1.000 .823 .799 -.874 .794 .072 

II1 .819 .823 1.000 .946 -.928 .800 .153 

II2 .808 .799 .946 1.000 -.887 .756 .187 

II3 -.857 -.874 -.928 -.887 1.000 -.784 -.100 

III .772 .794 .800 .756 -.784 1.000 .046 

IV_Recoded .217 .072 .153 .187 -.100 .046 1.000 

6.6.5 Mann-Whitney test 

The Mann-Whitney test was conducted to assess the effect of the categorical variables (gender, 

smoke, and the use of hormones) to the subjective assessments of thermal sensation, thermal 

comfort, thermal acceptability, thermal preference, and tolerance to the thermal environment 

(since the test support the assessment of ordinal variables). The Mann-Whitney test is also called 

the Wilcoxon rank-sum test, is a nonparametric test that compares two unpaired groups. 

Table 22 shows the results for the Mann-Whitney test considering gender as a grouping variable. 

The results show statistically significant differences between males and females in votes 2 and 3. 

Differences among males and females only occur after the acclimatization period. 
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Table 22 – Mann-Whitney test summary – comparison of the subjective assessment of men and women. 

Vote Null Hypothesis Test Sig. Decision 

30 minutes 

(after acclimatization) 

1 

The distribution of I1 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.261a 

Retain the null 

hypothesis. 

2 

The distribution of I2 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.114a 

Retain the null 

hypothesis. 

3 

The distribution of II1 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.076a 

Retain the null 

hypothesis. 

4 

The distribution of II2 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.082a 

Retain the null 

hypothesis. 

5 

The distribution of II3 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.058a 

Retain the null 

hypothesis. 

6 

The distribution of III is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.142a 

Retain the null 

hypothesis. 

7 

The distribution of IV is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.114a 

Retain the null 

hypothesis. 

8 

The distribution of Tolerance 

is the same across categories 

of Gender. 

Independent-Samples 

Mann-Whitney U Test 
.044a 

Reject the null 

hypothesis. 

60 minutes 

1 

The distribution of I1 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.010a 

Reject the null 

hypothesis. 

2 

The distribution of I2 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.008a 

Reject the null 

hypothesis. 

3 

The distribution of II1 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.011a 

Reject the null 

hypothesis. 

4 

The distribution of II2 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.016a 

Reject the null 

hypothesis. 

5 

The distribution of II3 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.002a 

Reject the null 

hypothesis. 

6 

The distribution of III is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.003a 

Reject the null 

hypothesis. 
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Vote Null Hypothesis Test Sig. Decision 

7 

The distribution of IV is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.030a 

Reject the null 

hypothesis. 

8 

The distribution of Tolerance 

is the same across categories 

of Gender. 

Independent-Samples 

Mann-Whitney U Test 
.018a 

Reject the null 

hypothesis. 

90 minutes 

(after exposure) 

1 

The distribution of I1 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.005a 

Reject the null 

hypothesis. 

2 

The distribution of I2 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.013a 

Reject the null 

hypothesis. 

3 

The distribution of II1 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.033a 

Reject the null 

hypothesis. 

4 

The distribution of II2 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.020a 

Reject the null 

hypothesis. 

5 

The distribution of II3 is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.027a 

Reject the null 

hypothesis. 

6 

The distribution of III is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.030a 

Reject the null 

hypothesis. 

7 

The distribution of IV is the 

same across categories of 

Gender. 

Independent-Samples 

Mann-Whitney U Test 
.682a 

Retain the null 

hypothesis. 

8 

The distribution of Tolerance 

is the same across categories 

of Gender. 

Independent-Samples 

Mann-Whitney U Test 
.007a 

Reject the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 

a. Exact significance is displayed for this test. 

The differences in the variables identified as significantly different across genders after the 

acclimatization period are shown in Figure 33 to Figure 38. Particularly for thermal sensation (for 

simplicity only scale I1 is shown in Figure 33), women tend to perceive the environment as colder 

than men. Regarding thermal comfort (only scale II2 is presented in Figure 34), women report 

being less comfortable after acclimatization than men, particularly after exposure.  

The thermal acceptability and thermal preference for women are different after acclimatization but 

tend to become similar after the exposure (Figure 35 and Figure 36). Men tend to have greater 

tolerance to the thermal environment than women, even though the level of tolerance decreases 

over time (Figure 38). 
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Figure 33 – Comparison of votes for I1. Legend: 0 = men; 1 = women. 

   

Figure 34 – Comparison of votes for II2. Legend: 0 = men; 1 = women. 

   

Figure 35 – Comparison of votes for III. Legend: 0 =men; 1 = women. 

   

Figure 36 – Comparison of votes for IV. Legend: 0 = men; 1 = women. 
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Figure 37 – Comparison of votes for Tolerance. Legend: 0 = men; 1 = women. 

Mann-Whitney tests were also conducted to compare the subjective assessment of two other cases: 

(i) smokers and non-smokers, (ii) participants making use of hormones and participants not making 

use of hormones. Table 23 shows the results comparing smokers and non-smokers. Table 24 shows 

the results comparing people making use of hormones or not making use of hormones14. In both 

cases, there was no evidence of statistically significant differences between groups. 

Table 23 – Mann-Whitney test summary – comparison of the subjective assessment of smokers and non-smokers. 

Vote Null Hypothesis Test Sig. Decision 

30 minutes 

(after acclimatization) 

1 

The distribution of I1 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.464a 

Retain the null 

hypothesis. 

2 

The distribution of I2 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.356a 

Retain the null 

hypothesis. 

3 

The distribution of II1 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.944a 

Retain the null 

hypothesis. 

4 

The distribution of II2 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.285a 

Retain the null 

hypothesis. 

5 

The distribution of II3 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.689a 

Retain the null 

hypothesis. 

6 

The distribution of III is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.436a 

Retain the null 

hypothesis. 

                                                 

14 For the comparison of people making use or not of hormones, only women were considered. This is because since 

only women reported to make use of hormones (contraceptives).  
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Vote Null Hypothesis Test Sig. Decision 

7 

The distribution of IV is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.944a 

Retain the null 

hypothesis. 

8 

The distribution of Tolerance is 

the same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.189a 

Retain the null 

hypothesis. 

60 minutes 

1 

The distribution of I1 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.173a 

Retain the null 

hypothesis. 

2 

The distribution of I2 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.055a 

Retain the null 

hypothesis. 

3 

The distribution of II1 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.981a 

Retain the null 

hypothesis. 

4 

The distribution of II2 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.655a 

Retain the null 

hypothesis. 

5 

The distribution of II3 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.356a 

Retain the null 

hypothesis. 

6 

The distribution of III is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.832a 

Retain the null 

hypothesis. 

7 

The distribution of IV is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.173a 

Retain the null 

hypothesis. 

8 

The distribution of Tolerance is 

the same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.760a 

Retain the null 

hypothesis. 

90 minutes 

(after exposure) 

1 

The distribution of I1 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.225a 

Retain the null 

hypothesis. 

2 

The distribution of I2 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.119a 

Retain the null 

hypothesis. 

3 

The distribution of II1 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.494a 

Retain the null 

hypothesis. 
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Vote Null Hypothesis Test Sig. Decision 

4 

The distribution of II2 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.724a 

Retain the null 

hypothesis. 

5 

The distribution of II3 is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.655a 

Retain the null 

hypothesis. 

6 

The distribution of III is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.225a 

Retain the null 

hypothesis. 

7 

The distribution of IV is the 

same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.832a 

Retain the null 

hypothesis. 

8 

The distribution of Tolerance is 

the same across categories of 

Smoker. 

Independent-Samples 

Mann-Whitney U Test 
.906a 

Retain the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 

a. Exact significance is displayed for this test. 

Table 24 – Mann-Whitney test summary – comparison of the subjective assessment of people making use or not of 

hormones. Legend: 1 = women. 

Vote/Gender Null Hypothesis Test Sig. Decision 

30 minutes 

(after acclimatization) 
1 

1 

The distribution of I1 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.571b 

Retain the null 

hypothesis. 

2 

The distribution of I2 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.851b 

Retain the null 

hypothesis. 

3 

The distribution of II1 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.661b 

Retain the null 

hypothesis. 

4 

The distribution of II2 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.851b 

Retain the null 

hypothesis. 

5 

The distribution of II3 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.571b 

Retain the null 

hypothesis. 

6 

The distribution of III is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.753b 

Retain the null 

hypothesis. 
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Vote/Gender Null Hypothesis Test Sig. Decision 

7 

The distribution of IV is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.412b 

Retain the null 

hypothesis. 

8 

The distribution of Tolerance 

is the same across categories 

of Use of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.412b 

Retain the null 

hypothesis. 

60 minutes 1 

1 

The distribution of I1 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.412b 

Retain the null 

hypothesis. 

2 

The distribution of I2 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.343b 

Retain the null 

hypothesis. 

3 

The distribution of II1 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.753b 

Retain the null 

hypothesis. 

4 

The distribution of II2 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
1.000b 

Retain the null 

hypothesis. 

5 

The distribution of II3 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.753b 

Retain the null 

hypothesis. 

6 

The distribution of III is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.489b 

Retain the null 

hypothesis. 

7 

The distribution of IV is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.412b 

Retain the null 

hypothesis. 

8 

The distribution of Tolerance 

is the same across categories 

of Use of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.280b 

Retain the null 

hypothesis. 

90 minutes 

(after exposure) 
1 

1 

The distribution of I1 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.177b 

Retain the null 

hypothesis. 

2 

The distribution of I2 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.104b 

Retain the null 

hypothesis. 

3 

The distribution of II1 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.489b 

Retain the null 

hypothesis. 
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Vote/Gender Null Hypothesis Test Sig. Decision 

4 

The distribution of II2 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.343b 

Retain the null 

hypothesis. 

5 

The distribution of II3 is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.489b 

Retain the null 

hypothesis. 

6 

The distribution of III is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.226b 

Retain the null 

hypothesis. 

7 

The distribution of IV is the 

same across categories of Use 

of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.851b 

Retain the null 

hypothesis. 

8 

The distribution of Tolerance 

is the same across categories 

of Use of hormones. 

Independent-Samples 

Mann-Whitney U Test 
.226b 

Retain the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 

a. The group field does not have exactly two values. 

b. Exact significance is displayed for this test. 

6.6.6 Spearman’s rank correlation 

To assess the correlation among variables, the spearman's rank-order correlation coefficient, or 

simply spearman-rho, is considered. This method was selected since it consists of a non-parametric 

statistical measure of the strength of a monotonic relationship between paired data (Marshall, 

2016).  

The Spearman’s Rank Correlation ranges from -1 to +1 can be used to correlate continuous (scale) 

to ordinal (categorical) variables. There are no specific rules for the interpretation of the strength 

of a correlation (Akoglu, 2018). The criteria adopted for the determination of the level of 

association among variables based on Spearman’s rank correlation are defined in Table 25. 

Table 25 – Criteria for the degree of association of variables for the Spearman’s rank coefficient. Source: adapted 

from Akoglu (2018). 

Correlation coefficient (rs) value Association 

-0.2 ≤ rs ≤ 0 or 0 ≤ rs ≤ 0.2 Very weak 

-0.4 < rs ≤ -0.2 or 0.2 < rs ≤ 0.4 Weak 

-0.6 < rs ≤ -0.4 or 0.4 < rs ≤ 0.6 Moderate 

-0.8 < rs ≤ -0.6 or 0.6 < rs ≤ 0.8 Strong 

-1 < rs ≤ -0.8 or 0.8 < rs ≤ 1 Very strong 

The results for all assessment of the correlations of all continuous and ordinal variables are 

presented in Table 26 for vote 1, Table 27 for vote 2, and Table 28 for vote 3. The assessment is 
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conducted by verifying (i) the correlations of variables characterizing the subjects to the subjective 

assessments, and (ii) the correlations between the subjective assessments. The BMI was not 

considered since it is a direct function of mass and weight. 

 Correlation of characteristics of subjects to subjective assessments 

Age is positively correlated to the blood pressure, moderately and strongly, for all votes. The 

correlation of this variable to thermal sensation is weak and positive only for the first period of 

exposure. 

Height is also correlated positively for the blood pressure in all votes (moderately and strongly) 

for all votes. The summary of its correlations is as follows:  

 Vote 1 (moderate, positive): thermal comfort (scale 1) and thermal preference. 

 Vote 2 (moderate, positive): all subjective assessments, except for the acceptability of the 

thermal environment and level the tolerance of the thermal environment. 

 Vote 3 (moderate, positive): all subjective assessments, except acceptability of the thermal 

environment and thermal preference. 

Weight is correlated to all subjective assessments over time (positive and weak correlation), except 

for thermal preference in vote 3. Body fat is only correlated (weak, negative) to thermal comfort 

over the votes. 

The BMI is only correlated to thermal sensation (positive, weak and moderate) in votes 2 and 3. 

Besides, BMI is negatively correlated to the tolerance to the thermal environment overtime. Even 

though the correlation is weak, it increases over the votes. This fact demonstrates that the lower 

the BMI, the lower the tolerance to the thermal environment, i.e., the more the environment will 

be classified as intolerable. 

BMR is correlated to several of the subjective assessments overtime, except thermal preference in 

vote 3. BMR is negatively correlated to the acceptability of the thermal environment for all the 

voting periods.  

The level of physical activity is only positively and weakly correlated to thermal sensation in the 

first vote. The time spent seated during the week and during leisure time has a positive and weak 

correlation with the firs thermal comfort in scale. The weekly average of time spent seated shoed 

no correlations. 

Heart rate only presents a correlation to the tolerance of the thermal environment in vote 2 (positive 

and weak). Since the heart rate reduces over time (Section 6.6.2), it can be inferred that the heart 

rate is a physiological reaction to reduce the loss of heat to the environment score and, therefore, 

to increase the tolerance to the thermal environment. 

 Correlation between subjective assessments 

In all votes, the subjective assessment is correlated moderately, strongly or very strongly (except 

for the thermal preference in vote 3). The intensity of correlation, however, increases according to 

the vote.  
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Particularly, the correlation of the tolerance to the thermal environment and to thermal sensation 

(both scales), thermal comfort (scales 2 and 3), and the acceptability of the thermal environment 

increases overtime. As seen in Section 6.6.2, thermal sensation and comfort decrease overtime. 

Therefore, the correlations show that the more the environment is perceived as colder and less 

comfortable, the more it will not be accepted. 
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Table 26 – Spearman’s rank correlation coefficients between variables in vote 1 (30 minutes). Legend: blue = weak association, green = moderate association, yellow = strong association, and red = very strong association. 

Variable Age Height Weight Body_fat BMI BMR 
Physical_ 

Activity 

Time_ 

Seated_W 

Time_ 

Seated_L 

Time_ 

Seated_WA 
HP1 LP1 HR1 HP2 LP2 HR2 I1 I2 II1 II2 II3 III IV Tolerance 

Age 1.000 0.149 .374* 0.050 .438* 0.325 -.384* 0.159 0.255 0.260 .581** .622** 0.008 .524** .511** -0.160 -0.239 -0.161 -0.140 -0.048 0.162 0.071 0.134 -0.077 

Height 0.149 1.000 .546** -.446* 0.202 .542** -0.068 0.057 -0.189 -0.045 .416* 0.250 -0.247 .452** 0.338 -0.196 0.106 0.119 0.321 0.160 -0.200 -0.015 -0.260 -0.103 

Weight .374* .546** 1.000 0.210 .865** .849** -0.221 0.082 0.010 0.002 .630** .523** 0.042 .536** .455** 0.130 0.226 0.297 0.304 0.326 -0.278 0.343 -.387* -0.259 

Body_fat 0.050 -.446* 0.210 1.000 .536** -0.047 -0.159 -0.102 -0.132 -0.139 0.018 0.082 0.178 -0.035 -0.051 0.189 -0.005 -0.008 -0.097 0.009 0.163 0.141 -0.030 .368* 

BMI .438* 0.202 .865** .536** 1.000 .719** -0.258 0.100 0.014 0.040 .535** .461** 0.121 .471** .379* 0.159 0.045 0.113 0.091 0.199 -0.103 0.307 -0.269 -0.100 

BMR 0.325 .542** .849** -0.047 .719** 1.000 -0.113 0.028 0.006 -0.024 .525** .393* -0.043 .481** .414* 0.052 0.248 0.305 .360* .356* -.423* .370* -.376* -.468** 

Physical_Activity -.384* -0.068 -0.221 -0.159 -0.258 -0.113 1.000 -0.235 -0.236 -0.284 -0.117 -0.262 -0.151 -0.102 -0.066 -0.240 0.218 0.178 -0.007 0.186 -0.078 0.166 0.019 -0.244 

Time_Seated_W 0.159 0.057 0.082 -0.102 0.100 0.028 -0.235 1.000 .459** .909** 0.092 0.235 0.033 -0.157 -0.207 0.129 -0.130 -0.085 0.007 -0.023 -0.012 -0.186 -0.143 -0.035 

Time _Seated_L 0.255 -0.189 0.010 -0.132 0.014 0.006 -0.236 .459** 1.000 .738** -0.069 0.075 0.032 -0.091 0.026 0.085 -0.061 0.000 0.040 0.006 -0.128 -0.012 -0.051 0.016 

Time_Seated_WA 0.260 -0.045 0.002 -0.139 0.040 -0.024 -0.284 .909** .738** 1.000 0.051 0.195 0.042 -0.131 -0.140 0.102 -0.193 -0.148 -0.048 -0.064 0.007 -0.236 -0.028 0.031 

HP1 .581** .416* .630** 0.018 .535** .525** -0.117 0.092 -0.069 0.051 1.000 .862** 0.103 .765** .647** 0.038 0.129 0.196 0.132 0.184 -0.066 0.158 -0.065 -0.208 

LP1 .622** 0.250 .523** 0.082 .461** .393* -0.262 0.235 0.075 0.195 .862** 1.000 0.245 .625** .677** 0.197 0.033 0.092 -0.042 -0.085 0.044 0.022 -0.017 -0.062 

HR1 0.008 -0.247 0.042 0.178 0.121 -0.043 -0.151 0.033 0.032 0.042 0.103 0.245 1.000 -0.068 -0.008 .872** -0.095 -0.064 -0.234 -0.231 0.190 -0.025 0.183 0.044 

HP2 .524** .452** .536** -0.035 .471** .481** -0.102 -0.157 -0.091 -0.131 .765** .625** -0.068 1.000 .809** -0.148 0.184 0.230 0.108 0.168 -0.049 0.131 -0.025 -0.113 

LP2 .511** 0.338 .455** -0.051 .379* .414* -0.066 -0.207 0.026 -0.140 .647** .677** -0.008 .809** 1.000 -0.071 0.014 0.040 0.000 0.085 -0.117 0.069 -0.030 -0.044 

HR2 -0.160 -0.196 0.130 0.189 0.159 0.052 -0.240 0.129 0.085 0.102 0.038 0.197 .872** -0.148 -0.071 1.000 0.021 0.052 -0.075 -0.144 0.025 0.010 -0.041 0.037 

I1 -0.239 0.106 0.226 -0.005 0.045 0.248 0.218 -0.130 -0.061 -0.193 0.129 0.033 -0.095 0.184 0.014 0.021 1.000 .964** .672** .661** -.663** .620** -.409* -.449** 

I2 -0.161 0.119 0.297 -0.008 0.113 0.305 0.178 -0.085 0.000 -0.148 0.196 0.092 -0.064 0.230 0.040 0.052 .964** 1.000 .643** .663** -.638** .638** -.364* -.501** 

II1 -0.140 0.321 0.304 -0.097 0.091 .360* -0.007 0.007 0.040 -0.048 0.132 -0.042 -0.234 0.108 0.000 -0.075 .672** .643** 1.000 .799** -.806** .639** -.747** -0.331 

II2 -0.048 0.160 0.326 0.009 0.199 .356* 0.186 -0.023 0.006 -0.064 0.184 -0.085 -0.231 0.168 0.085 -0.144 .661** .663** .799** 1.000 -.755** .701** -.549** -.508** 

II3 0.162 -0.200 -0.278 0.163 -0.103 -.423* -0.078 -0.012 -0.128 0.007 -0.066 0.044 0.190 -0.049 -0.117 0.025 -.663** -.638** -.806** -.755** 1.000 -.647** .552** .528** 

III 0.071 -0.015 0.343 0.141 0.307 .370* 0.166 -0.186 -0.012 -0.236 0.158 0.022 -0.025 0.131 0.069 0.010 .620** .638** .639** .701** -.647** 1.000 -.552** -.564** 

IV 0.134 -0.260 -.387* -0.030 -0.269 -.376* 0.019 -0.143 -0.051 -0.028 -0.065 -0.017 0.183 -0.025 -0.030 -0.041 -.409* -.364* -.747** -.549** .552** -.552** 1.000 0.125 

Tolerance -0.077 -0.103 -0.259 .368* -0.100 -.468** -0.244 -0.035 0.016 0.031 -0.208 -0.062 0.044 -0.113 -0.044 0.037 -.449** -.501** -0.331 -.508** .528** -.564** 0.125 1.000 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 27 – Spearman’s rank correlation coefficients between variables in vote 2 (60 minutes). Legend: blue = weak association, green = moderate association, yellow = strong association, and red = very strong association. 

Variable Age Height Weight Body_fat BMI BMR 
Physical_ 

Activity 

Time_ 

Seated_W 

Time_ 

Seated_L 

Time_ 

Seated_WA 
HP1 LP1 HR1 HP2 LP2 HR2 I1 I2 II1 II2 II3 III IV Tolerance 

Age 1.000 0.149 .374* 0.050 .438* 0.325 -.384* 0.159 0.255 0.260 .581** .622** 0.008 .524** .511** -0.160 0.185 0.190 -0.040 0.015 -0.152 0.109 0.005 0.010 

Height 0.149 1.000 .546** -.446* 0.202 .542** -0.068 0.057 -0.189 -0.045 .416* 0.250 -0.247 .452** 0.338 -0.196 0.231 0.219 0.234 0.240 -0.318 .361* -0.295 -0.189 

Weight .374* .546** 1.000 0.210 .865** .849** -0.221 0.082 0.010 0.002 .630** .523** 0.042 .536** .455** 0.130 .411* .459** .408* .476** -.539** .525** -.406* -.368* 

Body_fat 0.050 -.446* 0.210 1.000 .536** -0.047 -0.159 -0.102 -0.132 -0.139 0.018 0.082 0.178 -0.035 -0.051 0.189 -0.137 -0.107 -0.143 0.007 0.134 -0.114 0.092 0.165 

BMI .438* 0.202 .865** .536** 1.000 .719** -0.258 0.100 0.014 0.040 .535** .461** 0.121 .471** .379* 0.159 0.314 .367* 0.232 .372* -.377* .354* -0.313 -0.243 

BMR 0.325 .542** .849** -0.047 .719** 1.000 -0.113 0.028 0.006 -0.024 .525** .393* -0.043 .481** .414* 0.052 .520** .541** .502** .564** -.643** .645** -.577** -.448* 

Physical_Activity -.384* -0.068 -0.221 -0.159 -0.258 -0.113 1.000 -0.235 -0.236 -0.284 -0.117 -0.262 -0.151 -0.102 -0.066 -0.240 -0.045 -0.054 0.014 -0.100 -0.050 0.006 -0.062 -0.220 

Time_Seated_W 0.159 0.057 0.082 -0.102 0.100 0.028 -0.235 1.000 .459** .909** 0.092 0.235 0.033 -0.157 -0.207 0.129 0.150 0.283 -0.010 -0.008 0.190 -0.158 -0.283 0.108 

Time _Seated_L 0.255 -0.189 0.010 -0.132 0.014 0.006 -0.236 .459** 1.000 .738** -0.069 0.075 0.032 -0.091 0.026 0.085 0.027 0.114 0.113 0.052 0.074 -0.040 -0.060 0.050 

Time_Seated_WA 0.260 -0.045 0.002 -0.139 0.040 -0.024 -0.284 .909** .738** 1.000 0.051 0.195 0.042 -0.131 -0.140 0.102 0.076 0.205 -0.059 -0.076 0.229 -0.190 -0.148 0.166 

HP1 .581** .416* .630** 0.018 .535** .525** -0.117 0.092 -0.069 0.051 1.000 .862** 0.103 .765** .647** 0.038 .386* .448* 0.196 0.176 -.388* 0.261 -0.149 -0.252 

LP1 .622** 0.250 .523** 0.082 .461** .393* -0.262 0.235 0.075 0.195 .862** 1.000 0.245 .625** .677** 0.197 0.306 .405* 0.058 0.065 -0.173 0.124 -0.130 -0.042 

HR1 0.008 -0.247 0.042 0.178 0.121 -0.043 -0.151 0.033 0.032 0.042 0.103 0.245 1.000 -0.068 -0.008 .872** -0.153 -0.039 -0.105 -0.234 0.203 -0.172 0.130 0.255 

HP2 .524** .452** .536** -0.035 .471** .481** -0.102 -0.157 -0.091 -0.131 .765** .625** -0.068 1.000 .809** -0.148 0.207 0.225 0.143 0.145 -0.298 0.290 -0.062 -0.160 

LP2 .511** 0.338 .455** -0.051 .379* .414* -0.066 -0.207 0.026 -0.140 .647** .677** -0.008 .809** 1.000 -0.071 0.127 0.118 0.072 0.064 -0.224 0.234 -0.085 -0.089 

HR2 -0.160 -0.196 0.130 0.189 0.159 0.052 -0.240 0.129 0.085 0.102 0.038 0.197 .872** -0.148 -0.071 1.000 0.003 0.146 0.127 0.016 0.055 0.014 -0.021 0.086 

I1 0.185 0.231 .411* -0.137 0.314 .520** -0.045 0.150 0.027 0.076 .386* 0.306 -0.153 0.207 0.127 0.003 1.000 .942** .742** .779** -.818** .808** -.590** -.821** 

I2 0.190 0.219 .459** -0.107 .367* .541** -0.054 0.283 0.114 0.205 .448* .405* -0.039 0.225 0.118 0.146 .942** 1.000 .712** .715** -.768** .728** -.579** -.751** 

II1 -0.040 0.234 .408* -0.143 0.232 .502** 0.014 -0.010 0.113 -0.059 0.196 0.058 -0.105 0.143 0.072 0.127 .742** .712** 1.000 .906** -.821** .819** -.604** -.791** 

II2 0.015 0.240 .476** 0.007 .372* .564** -0.100 -0.008 0.052 -0.076 0.176 0.065 -0.234 0.145 0.064 0.016 .779** .715** .906** 1.000 -.812** .819** -.690** -.778** 

II3 -0.152 -0.318 -.539** 0.134 -.377* -.643** -0.050 0.190 0.074 0.229 -.388* -0.173 0.203 -0.298 -0.224 0.055 -.818** -.768** -.821** -.812** 1.000 -.852** .533** .892** 

III 0.109 .361* .525** -0.114 .354* .645** 0.006 -0.158 -0.040 -0.190 0.261 0.124 -0.172 0.290 0.234 0.014 .808** .728** .819** .819** -.852** 1.000 -.597** -.825** 

IV 0.005 -0.295 -.406* 0.092 -0.313 -.577** -0.062 -0.283 -0.060 -0.148 -0.149 -0.130 0.130 -0.062 -0.085 -0.021 -.590** -.579** -.604** -.690** .533** -.597** 1.000 .514** 

Tolerance 0.010 -0.189 -.368* 0.165 -0.243 -.448* -0.220 0.108 0.050 0.166 -0.252 -0.042 0.255 -0.160 -0.089 0.086 -.821** -.751** -.791** -.778** .892** -.825** .514** 1.000 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 28 – Spearman’s rank correlation coefficients between variables in vote 3 (90 minutes). Legend: blue = weak association, green = moderate association, yellow = strong association, and red = very strong association. 

Variable Age Height Weight Body_fat BMI BMR 
Physical_ 

Activity 

Time_ 

Seated_W 

Time_ 

Seated_L 

Time_ 

Seated_WA 
HP1 LP1 HR1 HP2 LP2 HR2 I1 I2 II1 II2 II3 III IV Tolerance 

Age 1.000 0.149 .374* 0.050 .438* 0.325 -.384* 0.159 0.255 0.260 .581** .622** 0.008 .524** .511** -0.160 0.146 0.108 0.080 0.043 -0.121 0.173 0.006 -0.089 

Height 0.149 1.000 .546** -.446* 0.202 .542** -0.068 0.057 -0.189 -0.045 .416* 0.250 -0.247 .452** 0.338 -0.196 0.313 0.277 0.255 0.282 -0.244 0.268 0.088 -0.320 

Weight .374* .546** 1.000 0.210 .865** .849** -0.221 0.082 0.010 0.002 .630** .523** 0.042 .536** .455** 0.130 .484** .490** .385* .412* -.433* .355* -0.050 -.416* 

Body_fat 0.050 -.446* 0.210 1.000 .536** -0.047 -0.159 -0.102 -0.132 -0.139 0.018 0.082 0.178 -0.035 -0.051 0.189 -0.134 -0.117 -0.105 -0.112 0.126 -0.220 -0.120 0.160 

BMI .438* 0.202 .865** .536** 1.000 .719** -0.258 0.100 0.014 0.040 .535** .461** 0.121 .471** .379* 0.159 .419* .421* 0.279 0.313 -0.339 0.243 -0.120 -0.345 

BMR 0.325 .542** .849** -0.047 .719** 1.000 -0.113 0.028 0.006 -0.024 .525** .393* -0.043 .481** .414* 0.052 .600** .595** .471** .514** -.557** .449** -0.121 -.483** 

Physical_Activity -.384* -0.068 -0.221 -0.159 -0.258 -0.113 1.000 -0.235 -0.236 -0.284 -0.117 -0.262 -0.151 -0.102 -0.066 -0.240 -0.102 -0.110 -0.046 -0.073 0.115 -0.004 -0.059 -0.010 

Time_Seated_W 0.159 0.057 0.082 -0.102 0.100 0.028 -0.235 1.000 .459** .909** 0.092 0.235 0.033 -0.157 -0.207 0.129 0.260 0.315 0.087 0.016 -0.065 0.245 -0.165 -0.041 

Time _Seated_L 0.255 -0.189 0.010 -0.132 0.014 0.006 -0.236 .459** 1.000 .738** -0.069 0.075 0.032 -0.091 0.026 0.085 0.023 0.004 0.043 0.011 -0.068 -0.029 -.375* 0.049 

Time_Seated_WA 0.260 -0.045 0.002 -0.139 0.040 -0.024 -0.284 .909** .738** 1.000 0.051 0.195 0.042 -0.131 -0.140 0.102 0.156 0.178 0.011 -0.043 -0.013 0.108 -0.287 0.037 

HP1 .581** .416* .630** 0.018 .535** .525** -0.117 0.092 -0.069 0.051 1.000 .862** 0.103 .765** .647** 0.038 0.329 0.264 0.186 0.198 -0.129 0.279 -0.050 -0.263 

LP1 .622** 0.250 .523** 0.082 .461** .393* -0.262 0.235 0.075 0.195 .862** 1.000 0.245 .625** .677** 0.197 0.199 0.220 0.082 0.070 -0.040 0.219 0.027 -0.094 

HR1 0.008 -0.247 0.042 0.178 0.121 -0.043 -0.151 0.033 0.032 0.042 0.103 0.245 1.000 -0.068 -0.008 .872** -0.155 -0.114 -0.158 -0.170 0.188 -0.018 0.266 0.167 

HP2 .524** .452** .536** -0.035 .471** .481** -0.102 -0.157 -0.091 -0.131 .765** .625** -0.068 1.000 .809** -0.148 0.220 0.151 0.132 0.200 -0.126 0.131 -0.077 -0.246 

LP2 .511** 0.338 .455** -0.051 .379* .414* -0.066 -0.207 0.026 -0.140 .647** .677** -0.008 .809** 1.000 -0.071 0.096 0.090 0.067 0.122 -0.110 0.063 0.011 -0.178 

HR2 -0.160 -0.196 0.130 0.189 0.159 0.052 -0.240 0.129 0.085 0.102 0.038 0.197 .872** -0.148 -0.071 1.000 0.031 0.091 0.033 0.044 -0.040 0.079 0.101 -0.023 

I1 0.146 0.313 .484** -0.134 .419* .600** -0.102 0.260 0.023 0.156 0.329 0.199 -0.155 0.220 0.096 0.031 1.000 .950** .858** .869** -.877** .760** -.366* -.861** 

I2 0.108 0.277 .490** -0.117 .421* .595** -0.110 0.315 0.004 0.178 0.264 0.220 -0.114 0.151 0.090 0.091 .950** 1.000 .821** .835** -.868** .775** -0.244 -.810** 

II1 0.080 0.255 .385* -0.105 0.279 .471** -0.046 0.087 0.043 0.011 0.186 0.082 -0.158 0.132 0.067 0.033 .858** .821** 1.000 .967** -.936** .825** -.363* -.882** 

II2 0.043 0.282 .412* -0.112 0.313 .514** -0.073 0.016 0.011 -0.043 0.198 0.070 -0.170 0.200 0.122 0.044 .869** .835** .967** 1.000 -.943** .734** -.356* -.883** 

II3 -0.121 -0.244 -.433* 0.126 -0.339 -.557** 0.115 -0.065 -0.068 -0.013 -0.129 -0.040 0.188 -0.126 -0.110 -0.040 -.877** -.868** -.936** -.943** 1.000 -.758** 0.295 .885** 

III 0.173 0.268 .355* -0.220 0.243 .449** -0.004 0.245 -0.029 0.108 0.279 0.219 -0.018 0.131 0.063 0.079 .760** .775** .825** .734** -.758** 1.000 -0.288 -.795** 

IV 0.006 0.088 -0.050 -0.120 -0.120 -0.121 -0.059 -0.165 -.375* -0.287 -0.050 0.027 0.266 -0.077 0.011 0.101 -.366* -0.244 -.363* -.356* 0.295 -0.288 1.000 0.342 

Tolerance -0.089 -0.320 -.416* 0.160 -0.345 -.483** -0.010 -0.041 0.049 0.037 -0.263 -0.094 0.167 -0.246 -0.178 -0.023 -.861** -.810** -.882** -.883** .885** -.795** 0.342 1.000 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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6.6.7 Friedman test 

The Friedman test is the non-parametric alternative to the one-way ANOVA with repeated 

measures (Marshall, 2016). It is used to test for differences between groups when the dependent 

variable being measured is ordinal. The Friedman test is used to detect differences in scores across 

multiple occasions or conditions on at least 3 occasions, which is the case of this study. 

The Friedman test was carried out for all the subjective assessments overtime, considering scale 1 

and scale 2 as predictors for thermal sensation and thermal comfort, respectively. The results show 

that for all subjective assessments conducted, there is a statistical significance of results over time. 

These results (Table 29 to Table 33) translated into the fact that there are statistically significative 

differences in subjective assessments overtime. 

Table 29 – Friedman test for thermal sensation. 

 Null Hypothesis Test Sig. Decision 

1 The distributions of I1-1, I1-2 and I1-

3 are the same. 

Related-Samples Friedman's Two-Way 

Analysis of Variance by Ranks 

.000 Reject the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 

Table 30 – Friedman test for thermal comfort. 

 Null Hypothesis Test Sig. Decision 

1 The distributions of II2-1, II2-2 and 

II2-3 are the same. 

Related-Samples Friedman's Two-Way 

Analysis of Variance by Ranks 

.000 Reject the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 

Table 31 – Friedman test for the acceptability of the thermal environment. 

 Null Hypothesis Test Sig. Decision 

1 The distributions of III-1, III-2 and 

III-3 are the same. 

Related-Samples Friedman's Two-Way 

Analysis of Variance by Ranks 

.000 Reject the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 

Table 32 – Friedman test for thermal preference. 

 Null Hypothesis Test Sig. Decision 

1 The distributions of IV-1, IV-2 and 

IV-3 are the same. 

Related-Samples Friedman's Two-Way 

Analysis of Variance by Ranks 

.046 Reject the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 

Table 33 – Friedman test for personal tolerance. 

 Null Hypothesis Test Sig. Decision 

1 
The distributions of Tolerance-1, 

Tolerance-2 and Tolerance-3 are the same. 

Related-Samples Friedman's Two-Way 

Analysis of Variance by Ranks 
.000 

Reject the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 

https://statistics.laerd.com/spss-tutorials/one-way-anova-repeated-measures-using-spss-statistics.php
https://statistics.laerd.com/spss-tutorials/one-way-anova-repeated-measures-using-spss-statistics.php
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To examine where the differences occur, post-hoc tests were carried out (Wilcoxon Signed 

Ranks)15. The results of the tests are presented in Table 34 to Table 38. In these tests, the 

Bonferroni correction for multiple comparisons was considered, then, alpha = 0.17 and p-values > 

0.17 are assumed as statistically significant. The results showed that some of the distributions can 

be considered the same when compared, particularly to thermal preference (IV) over time. This 

result shows that thermal preference is not as affected to the time of exposure as the other 

subjective assessments. 

Table 34 – Wilcoxon Signed Ranks Test for I1 over the exposure time. 

 I1-2 - I1-1 I1-3 - I1-1 I1-3 - I1-2 

Z -1.604b -3.438b -3.441b 

Asymp. Sig. (2-tailed) .109 .001 .001 

a. Wilcoxon Signed Ranks Test 

b. Based on positive ranks. 

Table 35 – Wilcoxon Signed Ranks Test for II2 over the exposure time. 

 II2-2 - II2-1 II2-3 - II2-1 II2-3 - II2-2 

Z -3.136b -4.103b -3.243b 

Asymp. Sig. (2-tailed) .002 .000 .001 

a. Wilcoxon Signed Ranks Test 

b. Based on positive ranks. 

Table 36 – Wilcoxon Signed Ranks Test for III over the exposure time. 

 III-2 - III-1 III-3 - III-1 III-3 - III-2 

Z -2.620b -3.489b -2.081b 

Asymp. Sig. (2-tailed) .009 .000 .037 

a. Wilcoxon Signed Ranks Test 

b. Based on positive ranks. 

Table 37 – Wilcoxon Signed Ranks Test for IV over the exposure time. 

 IV-2 - IV-1 IV-3 - IV-1 IV-3 - IV-2 

Z -1.941b -.925b -.201c 

Asymp. Sig. (2-tailed) .052 .355 .841 

a. Wilcoxon Signed Ranks Test 

b. Based on negative ranks. 

c. Based on positive ranks. 

 

 

                                                 

15 The null hypothesis is that the median of differences across the variables equals 0, then if p-value > alpha the 

distributions do not have statistically significant difference, i.e., they are the same. 
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Table 38 – Wilcoxon Signed Ranks Test for Tolerance over the exposure time. 

 Tolerance-2 - Tolerance-1 Tolerance-3 - Tolerance-1 Tolerance-3 - Tolerance-2 

Z -2.044b -3.188b -3.357b 

Asymp. Sig. (2-tailed) .041 .001 .001 

a. Wilcoxon Signed Ranks Test 

b. Based on negative ranks. 

6.6.8 Multiple linear regression 

In order to predict thermal comfort from predictor variables (at any time of the experiment), 

multiple linear regression is carried out. Considering the results of the previous sections, the scale 

selected for the prediction of thermal comfort is the second scale, II2. 

Multiple linear regression assesses the strength of the relationship between a set of explanatory 

variables (independent variables), and a single response (or dependent) variable (Landau and 

Everitt, 2004). Beyond the assumption that the relationship between the independent and 

dependent variables is linear, the following assumptions should be met (Marshall, 2016): 

1. Independent observations (lack of correlation between variables) 

2. Normal distribution of residuals  

3. Homoscedasticity  

4. No observations have a large overall influence 

 Assumption of normality 

Several studies claim that normality is required for the independent variable. However, it is not 

strictly necessary for either the outcome variable or the covariates to have a normal distribution 

(Casson and Farmer, 2014; Li et al., 2012). Thermal comfort is not normally distributed for the 

total observations during the essay at the 95% confidence interval (p < 0.05), Table 39. 

Table 39 – Normality test for II2, considering all votes. 

 
Shapiro-Wilk 

Statistic df Sig. 

II2 .932 96 .000 

However, thermal comfort is normally distributed at the 99% confidence interval (p > 0.01) when 

considering the separation per gender and vote (Table 40). Even though these results will not be 

explored in this correlation, they support the evidence obtained for the Mann-Whitney test, which 

states that man and women are independent groups in the assessment of thermal comfort and the 

Friedman test, which states that there is a statistically significant difference of the subjective 

assessments overtime. 
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Table 40 – Normality test for II2, considering the separation per vote and gender. 

Vote Gender 
Shapiro-Wilk 

Statistic df Sig. 

No acclimatization 
0 II2 .906 17 .085 

1 II2 .862 15 .026 

After acclimatization 
0 II2 .950 17 .451 

1 II2 .911 15 .140 

After exposure 
0 II2 .830 17 .005 

1 II2 .888 15 .063 

 Definition of independent variables 

The Friedman test (Section 6.6.7) has demonstrated the thermal comfort varies according to the 

period of exposition to the thermal environment. Therefore, it is hypothesized that only variables 

changing over time will influence its prediction. Therefore, from the existing variables (Table 15), 

the multiple linear regression considers the vote categorical variables as a dummy variable for the 

changes in the exposure time. 

Assuming a power of 0.80, a medium population effect size, and a significance criterion of 0.05, 

a maximum of 6 independent variables are considered (Cohen, 1992). This assumption is more 

conservative than the rule of thumb that a minimum of 10 to 15 observations per predictor variable 

would allow good estimates (Babyak, 2004). Besides it is in line with the assumption of the 

recommendation that the number of total observations should be equal to 50 plus 8 per independent 

variable (Green, 1991). 

It is hypothesized that thermal comfort can be predicted by the vote, the thermal sensation (I1), the 

acceptability (III) and the sensation of discomfort. Besides, it is also investigated if the weight, 

height, and BMR affect the prediction. 

 Assumption of linearity 

To test the assumption of linearity in the multiple linear regression, a scatterplot matrix was 

generated and plotted. The scatterplot matrix (Figure 38) assesses the relationship for all 

continuous independent variables with thermal comfort (II2), supporting the assumption of 

linearity between variables. 
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Figure 38 – Scatterplot matrix for selected variables. 

 Multiple linear regression model 

The multiple regression considered all the input variables (simultaneous enter or ‘the enter 

method’), adjusted in a single model. The results (Table 41) show the differences between the two 

models built, indicating that the first model is the best predictor of thermal comfort. The Durbin-

Watson test is between 1.5 and 2, which indicates that the obtained residuals are independent. This 

result supports the first assumption of multiple linear regression that the observations are 

independent, i.e., there is no correlation between successive values. 

Table 41 – Model summary. 

Model R 
R 

Square 

Adjusted 

R Square 

Std. 

Error of 

the 

Estimate 

Change Statistics 

Durbin-

Watson 
R Square 

Change 

F 

Change 
df1 df2 

Sig. F 

Change 

1 .847a .717 .704 .863 .717 57.548 4 91 .000 
1.839 

2 .851b .724 .706 .860 .008 1.250 2 89 .292 

a. Predictors: (Constant), Discomfort, Vote, I1, III 

b. Predictors: (Constant), Discomfort, Vote, I1, III, Height, Weight 

c. Dependent Variable: II2 

The results of the ANOVA table (Table 42) show that p < 0.05. That supports the assumption that 

the obtained model is significant. In the ANOVA table the model is compared to a ‘null’ model 
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where every observation is predicted to be the same (Marshall, 2016). That means that the 

predictors of the model are significant. 

Table 42 – ANOVA results for the multiple linear regression. 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 171.279 4 42.820 57.548 .000b 

Residual 67.711 91 .744   

Total 238.990 95    

2 

Regression 173.129 6 28.855 38.992 .000c 

Residual 65.861 89 .740   

Total 238.990 95    

a. Dependent Variable: II2 

b. Predictors: (Constant), Discomfort, Vote, I1, III 

c. Predictors: (Constant), Discomfort, Vote, I1, III, Height, Weight 

For multiple regression, (where there are several predictor variables), the coefficients table (Table 

43) shows the significance of each variable individually after controlling for the other variables in 

the model. All the considered independent variables and the constant are predictors of thermal 

comfort in model 1, at the 90% confidence level. The weight and height are not a relevant predictor 

for thermal comfort. 

Besides, Table 43 informs that there is not collinearity across independent variables (tolerance 

values > 0.1 and VIF < 10). The lack of multicollinearity means that independent variables are not 

highly correlated, which is the first requisite of the multiple linear regression.  

Table 43 – Coefficients of the multiple linear regression. 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 
Collinearity Statistics 

B Std. Error Beta Tolerance VIF 

1 

(Constant) 1.066 .300  3.549 .001   

Vote -.245 .113 -.127 -2.158 .034 .905 1.105 

I1 .633 .120 .430 5.287 .000 .471 2.125 

III 1.084 .270 .345 4.008 .000 .421 2.375 

Discomfort -.439 .231 -.133 -1.894 .061 .632 1.581 

2 

(Constant) .359 1.974  .182 .856   

Vote -.207 .116 -.107 -1.777 .079 .853 1.172 

I1 .623 .120 .424 5.191 .000 .465 2.151 

III 1.145 .273 .364 4.198 .000 .412 2.427 

Discomfort -.674 .287 -.204 -2.350 .021 .409 2.444 

Height .011 .013 .058 .888 .377 .738 1.355 

Weight -.016 .010 -.135 -1.561 .122 .413 2.424 

a. Dependent Variable: II2 
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From the P-P plot of the regression standardized residuals (Figure 39), it is possible to infer that 

they are normally distributed. Therefore, the second prerequisite of the multiple linear regression 

is also verified. The normality of the standardized residuals can also be checked in the statistics of 

the results (Table 44). 

 

Figure 39 – P-P plot of regression standardized residuals. 

Table 44 – Residuals statistics. 

Residuals statistics. Minimum Maximum Mean Std. Deviation N 

Predicted Value -3.16 2.41 -.32 1.350 96 

Std. Predicted Value -2.103 2.027 .000 1.000 96 

Standard Error of Predicted Value .126 .328 .228 .046 96 

Adjusted Predicted Value -3.27 2.45 -.32 1.352 96 

Residual -2.338 2.299 .000 .833 96 

Std. Residual -2.718 2.673 .000 .968 96 

Stud. Residual -2.833 2.702 -.001 1.002 96 

Deleted Residual -2.541 2.350 -.002 .894 96 

Stud. Deleted Residual -2.954 2.805 .000 1.017 96 

Mahal. Distance 1.050 12.798 5.938 2.703 96 

Cook's Distance .000 .099 .010 .015 96 

Centered Leverage Value .011 .135 .063 .028 96 

a. Dependent Variable: II2 

The homoscedasticity can be verified in Figure 40, fulfilling the third requirement of the multiple 

linear regression. The homoscedasticity means that the variance of the residuals about predicted 

responses should be the same for all predicted responses.  
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Figure 40 – Scatterplot of standardized residues and predicted values. 

Finally, the verification of outliers was conducted to evaluate the fourth requisite. From these tests, 

the assumption for the last condition of the regression is considered valid since the number of 

unusual points is relatively low. 

This step was conducted based on the assessment of the Cook’s distance and the centered leverage 

value. The criteria for high values of Cook’s distance and leverage are shown in Equation 10 and 

1116,17, respectively.  

𝐶 ≥
4

𝑛
 = 0.042 (10) 

𝐿 ≥
2(𝑘 + 1)

𝑛
= 0.104 (11) 

Where: 

 n: the number of observations 

 k: is the number of predictors 

From this assessment, 5 observations have higher Cook’s value (C ≥ 0.042) (Table 45). Cook’s 

distance measures the difference in the regression estimates when the observation is excluded, i.e. 

an outlier. Therefore, this indicator shows which data points should be checked for validity. 

In the assessment, no observation showed a higher leverage value (L ≥ 0.104) (Table 45). 

Leverage indicates an unusual combination of the independent variables and identifies an 

influential outlier and represents points with a large influence on the regression coefficients. 

                                                 

16 https://stats.idre.ucla.edu/spss/seminars/introduction-to-regression-with-spss/introreg-lesson2/, access 08/07/19. 

17 https://stat.ethz.ch/education/semesters/FS_2008/regression/, access 08/07/19. 

https://stats.idre.ucla.edu/spss/seminars/introduction-to-regression-with-spss/introreg-lesson2/
https://stat.ethz.ch/education/semesters/FS_2008/regression/
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Table 45 – Outlier statistics. 

Outliers statistics Case Number id Vote Statistic Sig. F 

Std. Residual 

1 6 2 3 -2.801  

2 20 7 2 2.592  

3 19 7 1 2.483  

4 82 28 1 -2.154  

5 39 13 3 2.039  

6 83 28 2 2.033  

7 67 23 1 -2.006  

8 72 24 3 1.891  

9 42 14 3 1.836  

10 41 14 2 1.553  

Cook's Distance 

1 6 2 3 .134 .984 

2 42 14 3 .058 .998 

3 39 13 3 .053 .998 

4 19 7 1 .053 .998 

5 83 28 2 .049 .998 

6 82 28 1 .040 .999 

7 67 23 1 .040 .999 

8 25 9 1 .037 .999 

9 52 18 1 .034 .999 

10 24 8 3 .031 1.000 

Centered Leverage Value 

1 52 18 1 .097  

2 73 25 1 .094  

3 71 24 2 .093  

4 16 6 1 .092  

5 96 32 3 .086  

6 7 3 1 .074  

7 25 9 1 .073  

8 3 1 3 .071  

9 70 24 1 .069  

10 4 2 1 .069  

a. Dependent Variable: II2 

Therefore, the multiple linear regression resulted in a model to predict thermal comfort over the 

time of exposure. The obtained model has statistically significant coefficients for all the 

independent variables. The model has an adjusted coefficient of determination (R2) of 0.704 and 

is represented in Equation 12. 

𝐼𝐼2 =  1.066 − 0.245𝑣𝑜𝑡𝑒 + 0.633𝐼1 + 1.084𝐼𝐼𝐼 − 0.439𝐷𝑖𝑠𝑐𝑜𝑚𝑓𝑜𝑟𝑡 (12) 

Where: 

 II2: thermal sensation vote (ranging from -3 to +3). 

 Vote: exposure time (1 = 30 minutes, 2 = 60 minutes, and 3 = 90 minutes). 

 I1: thermal sensation vote (ranging from -3 to +3). 
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 III: the level of acceptability of the thermal environment (ranging from -1 to +1)18. 

 Discomfort: the existence of any local discomfort (1 = yes, 0 = no). 

6.7 Discussion 

The experimental results show that thermal sensation, thermal comfort, thermal acceptability, and 

thermal preference changes over time. The acceptability of the thermal environment and the 

perception of it also changes with prolonged exposure. The identification of local thermal 

discomfort also increases with longer periods of exposure. 

The results show that subjects reported feeling colder and less comfortable over time. The 

acceptability of the thermal environment also decreased over time and the thermal preference 

increased, i.e., subjects reported that they would prefer a warmer environment. After the exposure 

time, 68% of participants (22 subjects) reported it was difficult to tolerate the thermal environment 

and 78% of participants (25 subjects) reported to feel local discomfort in different body areas. 

The conducted statistical tests have demonstrated that men and women have different patterns 

concerning thermal sensation and thermal comfort. The weight and the metabolism level were the 

only personal aspects affecting the subjective assessments. Body fat and the level of physical 

activity were weakly correlated to the subjective assessments. 

The results from the correlation across variables showed that the acceptability of the thermal 

environment decreased as the subjects felt colder and more uncomfortable. Besides, it showed that 

the lower the BMI, the fewer subjects will tolerate the thermal environment. It was shown that 

there is a statistically significant difference between the subjective assessments over time. 

This study has the limitations of a small number of the sample and the short exposure times. A 

larger sample would support a better statistical assessment of results. Particularly, a larger sample 

could support the development of a better predictive model to assess thermal comfort.  

Besides, the results obtained from the thermal images could not be assessed statistically due to 

experimental limitations. Future developments may consider such information to support the 

assessment of thermal sensation and comfort also based on physiological parameters, i.e., the 

changes in the skin temperature. 

Another limitation is the fact that thermal comfort research is primarily focused on steady-state 

conditions due to the reproducibility of these environmental conditions. However, the thermal 

environment is often transient and dynamic over time (e.g., when moving indoor from outdoor or 

moving from indoor to outdoor, or taking a plane, train, boat where air-conditioning is most 

frequently used to adjust the thermal environment to accommodate hot or cold climate). However, 

ASHRAE 55 (ASHRAE, 2010) nor ISO 7730:2005 (ISO, 2005a) do not give a detailed description 

of thermal comfort in a transient environment. 

                                                 

18 If the vote is +0 it is accounted as +0.1 and if the vote is -0 it is accounted as -0.1. 
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Along with other health promotion goals in the workplace (improved nutrition, reducing alcohol, 

smoking, and stress), companies should also promote among their staff that prolonged sitting, 

aggregated from work and in leisure time, may significantly and independently increase the risk 

of cardiometabolic diseases and premature mortality. Seated-based work should be regularly 

broken up with standing-based work, the use of sit-stand desks, or the taking of short active 

standing breaks. The use of standing and treadmill workstations (or active workstations) are 

becoming popular to minimize the health effects of sedentary activities. However, it is unclear if 

current PMV/PPD based thermal comfort standards would be able to predict thermal comfort and 

provide reasonable design guidelines for spaces with active workstations. 

Besides these aspects, future studies should investigate if Sick Building Syndrome (SBS) 

symptoms, headache, nose irritation (stuffy, running), irritated throat, fatigue, dry eyes, difficulty 

in concentrating and sleepiness, occur. The assessment of these symptoms may support the 

understanding of their correlation to thermal sensation and thermal comfort. 

6.8 Final remarks 

This study presented a laboratory experiment to assess subjective votes on thermal sensation, 

thermal comfort, thermal acceptability, and thermal preference over time. The experiment 

considered a total exposure of 90 minutes to a controlled thermal environment inside a climatic 

chamber. The subjective assessments were obtained through questionnaires, which were answered 

after every 30 minutes of exposure. 

In total, 32 subjects have participated in the experiment, being 17 males and 15 females. The 

participants were 32.57±5.92 old. The average clothing insulation (considering the chair) was 0.84 

clo and the metabolic rate was defined as 1.2 met. The thermal environment was maintained at an 

air temperature of 22°C and at a relative humidity of 40%. Therefore, PMV inside the climatic 

chamber ranged from -0.39 to -0.33 and the PPD ranged from 7% to 8%.  

The results show that there are statistically significant differences in thermal sensation and thermal 

comfort between genders after acclimatization (30 minutes) and after the total exposure (90 

minutes). Both males and females prefer a warmer environment after the exposure. 

Another finding of the study is that the subjective assessments were statistically significative 

differences in subjective assessments overtime. The major implication of this finding is the fact 

that the time of exposure affects subjective assessments. Therefore, the study has demonstrated 

that the current PMV/PPD comfort models fail to predict the thermal comfort of subjects with 

prolonged exposure to a thermal environment. 

Finally, a linear regression model was obtained for the prediction of thermal comfort over the 

exposure time. The model had an R2 of 0.704 and considered as predictors the period of exposure, 

the thermal sensation, the level of acceptability of the thermal environment, and the exitance of 

any local thermal discomfort. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/thermal-comfort
https://www.sciencedirect.com/topics/engineering/design-guideline
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7 CONCLUDING REMARKS 

This study presented an evaluation of the subjective assessment of thermal sensation and thermal 

comfort of sedentary subjects. To that end, a scoping review and its protocol were elaborated, and 

a series of experimental tests were conducted. 

The assessment of thermal comfort is not a relatively new discipline; however, it is constantly 

under development in the scientific literature. Due to that, a scoping review was conducted to 

access the extent of the scientific literature covering, particularly, experiments assessing the 

thermal comfort of sedentary subjects. 

For the scoping review, a scoping review protocol was elaborated, based on the PRISMA-ScR. 

Considering the criteria defined in the scoping review protocol, the scoping review identified and 

assessed qualitatively 39 peer-reviewed articles, published from 1967 to 2019. The information 

sources for the scoping review were PubMed, Scopus, and Web of Science databases. Besides, a 

snowballing approach in the retrieved articles was considered. 

The selected articles were assessed qualitatively since the variety of methods and experimental 

conditions did not allow a meta-analysis. Only experiments conducted in a climatic chamber were 

included in the scoping review since such environments support a high degree of control and 

reproducibility. 

The scoping review demonstrated that efforts to assess thermal sensation and thermal comfort are 

based on (i) variation of comfort parameters, (ii) assessment of effects of fatigue, boredom and 

performance, and similar, (iii) effects of other parameters on thermal comfort, (iv) thermal effects 

of a group, (v) other aspects. Overall, the results show a consensus on the existence of thermal 

sensation and thermal comfort differences between males and females as well as the differences 

in the thermal comfort of different populations. The reviewed articles also show that the 

assessment of multisensory aspects and changes in thermal sensation and comfort are still limited. 

The experimental component of this research focused on the assessment of changes in thermal 

comfort and thermal sensation overtime in constant environmental conditions. The experiments 

were conducted in the Summer of 2019 in the facilities of the PROA laboratory, from 9 am to 6 

pm. 

The experiments consisted of the subjective assessment of the thermal sensation, thermal comfort, 

thermal acceptability, and thermal preference. The environmental conditions considered 22°C of 

air temperature and 40% of relative humidity. In total, 32 subjects were tested whilst performing 

sedentary work in a climatic chamber for 90 minutes. Thermal images were also taken considering 

the acclimatization period and the total exposure. The results have shown differences in overtime 

for all the investigated parameters. 

This work provided guidance for the assessment of thermal sensation and comfort in uniform 

conditions. However, the obtained results are limited by the fact that thermal comfort is not 

necessarily dependent only on sensation; perceptions of comfort may also have to do with 

expectation, adaptation to conditions and other factors. Thus, information about sensation alone is 
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not enough to evaluate a subject’s comfort; direct questions must also be asked about comfort 

level. 

Future studies shall investigate which environmental parameters could be changed over the 

exposure time to maintain thermal comfort conditions. Inducing small changes during the workday 

may contribute to better acceptability of the environment and the thermal comfort of its occupants. 

However, the existing standards do not consider changes in the environment over time. 

Regarding legal aspects, regulation of the thermal environment of workers is still poorly explored 

in the Portuguese legislation, which presents limited guidance on environmental parameters to be 

monitored in the workplace. Efforts should be conducted to improve the legal requirements in the 

country to better reflect recommendations to workers and employers as the latter should ensure a 

good workplace, according to the different contexts of professional activities. 
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ANNEX I 

The search strategy adopted in the databases are as follows: 

 

Scopus 

ALL (("thermal comfort" OR "therm* sensation" OR "thermosensation") AND ("sedentary")) 

 

Web of Science 

TOPIC: ((("thermal comfort" OR "therm* sensation") OR "thermosensation") AND "sedentary") 

 

PubMed 

(("thermal comfort" OR "therm* sensation" OR "thermosensation") AND ("sedentary")) 

 

JSTOR 

(("thermal comfort" OR "therm* sensation" OR "thermosensation") AND ("sedentary")) 
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ANNEX II 

Table 1: Form sheet summarizing the proposed rejection criteria 
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ANNEX III 

Table 1: The Cochrane Collaboration’s tool for assessing the risk of bias. Source: adapted from Higgins et al., 2011. 

Bias domain 
Source of 

bias 
Support for judgment 

Review authors’ judgment 

(assess the as low, unclear 

or high risk of bias) 

Selection 

bias 

Random 

sequence 

generation 

Describe the method used to generate the 

allocation sequence in sufficient detail to allow 

an assessment of whether it should produce 

comparable groups 

Selection bias (biased 

allocation to interventions) 

due to inadequate generation 

of a randomized sequence. 

Allocation 

concealment 

Describe the method used to conceal the 

allocation sequence in sufficient detail to 

determine whether intervention allocations could 

have been foreseen before or during enrolment 

Selection bias (biased 

allocation to interventions) 

due to inadequate 

concealment of allocations 

before the assignment 

Performance 

bias 

Blinding of 

participants 

and 

personnel* 

Describe all measures used, if any, to blind trial 

participants and researchers from the knowledge 

of which intervention a participant received. 

Provide any information relating to whether the 

intended blinding was effective 

Performance bias due to 

knowledge of the allocated 

interventions by participants 

and personnel during the 

study 

Detection 

bias 

Blinding of 

outcome 

assessment 

Describe all measures used, if any, to blind 

outcome assessment from the knowledge of 

which intervention a participant received. 

Provide any information relating to whether the 

intended blinding was effective 

Detection bias due to 

knowledge of the allocated 

interventions by outcome 

assessment 

Attrition bias 

Incomplete 

outcome 

data* 

Describe the completeness of outcome data for 

each main outcome, including attrition and 

exclusions from the analysis. State whether 

attrition and exclusions were reported, the 

numbers in each intervention group (compared 

with total randomized participants), reasons for 

attrition or exclusions where reported, and any 

re-inclusions in analyses for the review 

Attrition bias due to amount, 

nature, or handling of 

incomplete outcome data 

Reporting 

bias 

Selective 

reporting 

State how selective outcome reporting was 

examined and what was found 

Reporting bias due to 

selective outcome reporting 

Other bias 

Anything 

else, ideally 

prespecified 

State any important concerns about bias not 

covered in the other Bias due to problems not 

covered elsewhere domains in the tool 

Bias due to problems not 

covered elsewhere 

*Assessments should be made for each main outcome or class of outcomes.
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ANNEX IV 

 

Participant identification: _________________________________ 

Contact information: _________________________________ 

 

CONSENT FORM 

 

 

 

Title of Project: ASSESSMENT OF THERMAL SENSATION AND THERMAL COMFORT OF 

SEDENTARY WORKERS 

 

1. I confirm that I understand the information provided for the above study. I have had the opportunity 

to consider the information, ask questions and have had these answered satisfactorily. 

   

2. I understand that my participation is voluntary and that I am free to withdraw at any time without 

giving any reason. 

 

3. I understand that relevant sections of data collected during the study may be looked at by 

individuals from the University of Porto or regulatory authorities. I give permission for these 

individuals to have access to my records. 

 

4. I agree to take part in the above study.    

 

 

 

 

            

Name of Participant   Date    Signature 

                                

            

Name of Person taking consent  Date    Signature  
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ANNEX V 

 

Participant: ___________________________________ 

Date and hour: ________________________________ 

Vote: ___/03 

 

I) Please rate your overall thermal sensation: 

Scale 1 

3 
  

Hot 
  

2 
  

Warm 
  

1 
  

Slightly warm 
  

0 
  

Neutral 
  

-1 
  

Slightly cool 
  

-2 
  

Cool 
  

-3 
  

Cold 
 

 

 

 

 

 

 

 

 

Scale 2 

4 
  

Very hot 
  

3 
  

Hot 
  

2 
  

Warm 
  

1 
  

Slightly warm 
  

0 
  

Neutral 
  

-1 
  

Slightly cool 
  

-2 
  

Cool 
  

-3 
  

Cold 
  

-4 
  

Very cold 
  

 

 

 

 

 



Thermal sensation and thermal comfort of sedentary workers 

Costa, Daniele 121 

II) Please rate your level of thermal comfort: 

Scale 1 

+4 
  

Very comfortable 
  

 
  

 
  

+2 
  

Comfortable 
  

    

    

+0 
  

Slightly comfortable 
  

-0 
  

Slightly uncomfortable 
  

    

    

-2 
  

Uncomfortable 
  

 
  

 
  

-4 
  

Very uncomfortable 
  

 

 

 

 

 

 

 

 

 

 

 

 

Scale 2 

+3 
  

Very comfortable 
  

+2 
  

Comfortable 
  

+1 
  

Slightly comfortable 
  

0 
  

Neutral 
  

-1 
  

Slightly uncomfortable 
  

-2 
  

Uncomfortable 
  

-3 
  

Very uncomfortable 
  

 

Scale 3 

0 
  

Comfortable 
  

+1 
  

Slightly uncomfortable 
  

+2 
  

Uncomfortable 
  

+3 
  

Very uncomfortable 
  

+4 
  

Extremely uncomfortable 
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III) Please rate the level of acceptability of this thermal environment: 

+1 
  

Clearly acceptable 
  

 
  

 
  

+0 
  

Just acceptable 
  

-0 
  

Just unacceptable 
  

 
  

 
  

-1 
  

Clearly unacceptable 
  

 

IV) Please state how you would prefer to be now: 

+3 
  

Much warmer 
  

+2 
  

Warmer 
  

+1 
  

A little warmer 
  

0 
  

Neither warmer nor cooler 
  

-1 
  

Slightly cooler 
  

-2 
  

Cooler 
  

-3 
  

Much cooler 
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Considering your personal preference only, would you accept rather than reject this 

environment? 

 Yes   No 

 

In your opinion this environment is: 

 Perfectly bearable 

 Slightly difficult to bear 

 Fairly difficult to bear 

 Very difficult to bear 

 Unbearable 

 

Do you feel any thermal discomfort in any part of your body? 

 Yes   No 

 

If yes, which area(s)? 
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Please rate your thermal sensation in this/these body area: 

Scale 1 

3 
  

Hot 
  

2 
  

Warm 
  

1 
  

Slightly warm 
  

0 
  

Neutral 
  

-1 
  

Slightly cool 
  

-2 
  

Cool 
  

-3 
  

Cold 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scale 2 

4 
  

Very hot 
  

3 
  

Hot 
  

2 
  

Warm 
  

1 
  

Slightly warm 
  

0 
  

Neutral 
  

-1 
  

Slightly cool 
  

-2 
  

Cool 
  

-3 
  

Cold 
  

-4 
  

Very cold 
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Please rate your thermal comfortable in this/these body area/s: 

Scale 1 

+4 
  

Very comfortable 
  

+3 
  

 
  

+2 
  

Comfortable 
  

    

    

+0 
  

Slightly comfortable 
  

-0 
  

Slightly uncomfortable 
  

    

    

-2 
  

Uncomfortable 
  

 
  

 
  

-4 
  

Very uncomfortable 
  

 

 

Scale 2 

+3 
  

Very comfortable 
  

+2 
  

Comfortable 
  

+1 
  

Slightly comfortable 
  

0 
  

Neutral 
  

-1 
  

Slightly uncomfortable 
  

-2 
  

Uncomfortable 
  

-3 
  

Very uncomfortable 
  

 

 

 

 

 

 

 

 

 

 

 

THANK YOU FOR YOUR PARTICIPATION! 
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ANNEX VI 

Table 1 – Results of subjective assessments: thermal sensation (I1, I2), thermal comfort (II1, II2, and II3), thermal 

acceptability (III), thermal acceptability (Y/N), thermal preference (IV), personal acceptability, personal tolerance, 

and local discomfort. 

Participant Vote I1 I2 II1 II2 II3 III IV 

Personal 

acceptability 

(Y/N) 

Personal 

Tolerance 

Local 

discomfort 

1 1 -1 -1 -0 -1 1 -0 1 N 2 N 

1 2 -2 -2 -2 -2 2 -0 2 N 2 N 

1 3 -2 -2 -2 -2 2 -0 2 N 2 N 

2 1 -1 -1 +0 1 0 +1 0 Y 1 N 

2 2 0 0 +2 1 0 +1 0 Y 1 N 

2 3 0 0 +0 -1 0 +1 0 Y 1 N 

3 1 -3 -3 -0 -1 1 -0 1 Y 2 Y 

3 2 -3 -3 -2 -2 2 -0 2 Y 3 Y 

3 3 -3 -3 -2 -2 2 -0 2 Y 3 Y 

4 1 -1 -1 -0 -1 1 +0 1 N 2 Y 

4 2 -2 -2 -0 -1 1 -0 2 N 2 Y 

4 3 -3 -3 -2 -2 2 -0 2 N 3 Y 

5 1 -1 -2 +0 -1 1 -0 -1 N 2 Y 

5 2 -2 -2 -2 -2 2 -0 -1 N 2 Y 

5 3 -2 -2 -2 -2 2 +0 -1 N 3 Y 

6 1 -3 -3 -2 -2 2 +0 2 N Y Y 

6 2 -3 -4 -3 -3 3 -0.5 2 N 4 Y 

6 3 -3 -4 -4 -3 3 -0.5 3 N 4 Y 

7 1 -1 -1 +2 2 0 +0 -1 N 2 Y 

7 2 -2 -2 +0 1 1 -0 -1 N 2 Y 

7 3 -1 -1 -0 -1 1 -0 -1 N 2 Y 

8 1 -1 -1 +0 1 1 +0.5 1 Y 1 N 

8 2 -1 -1 -0 -1 1 -0 1 Y 2 Y 

8 3 -2 -2 -1 -2 2 +0.5 2 N 3 Y 

9 1 0 0 2 2 0 0 1 Y 1 N 

9 2 -2 -2 -0 -1 1 0 1 N 2 Y 

9 3 -2 -3 -2 -2 2 -0 1 N 3 Y 

10 1 -2 -2 -0 -1 1 -0 1 N 2 Y 

10 2 -3 -3 -2 -2 2 -0 2 N 3 Y 

10 3 -3 -3 -2 -2 2 -0 2 N 3 Y 

11 1 -1 -1 +2 1 0 +0 1 Y 1 N 

11 2 0 -1 +0 0 0 +0 1 Y 1 Y 
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Participant Vote I1 I2 II1 II2 II3 III IV 

Personal 

acceptability 

(Y/N) 

Personal 

Tolerance 

Local 

discomfort 

11 3 -1 -2 -0 -1 1 -0 2 N 2 Y 

12 1 -1 -2 +0 0 0 +0 1 Y 2 Y 

12 2 -1 -2 -0 0 1 +0 1 Y 2 Y 

12 3 -2 -2 -0 -1 1 -0 1 Y 2 Y 

13 1 -1 -1 +2 2 0 0.5 0 Y 1 N 

13 2 0 1 +2 0 0 0.5 0 Y 1 N 

13 3 -1 -1 +2 2 0 0.5 1 Y 1 N 

14 1 0 0 +4 3 0 +1 0 Y 1 N 

14 2 0 0 +4 3 0 +1 0 Y 1 N 

14 3 0 0 +4 3 0 +1 0 Y 1 N 

15 1 -2 -2 -0 -1 1 -0 1 N 1 N 

15 2 0 0 -0 0 0 +0 1 y 1 N 

15 3 -1 -1 -0 -1 1 +0 1 N 1 Y 

16 1 0 0 +0 0 0 0 1 Y 1 Y 

16 2 0 0 +0 0 1 +0 1 Y 1 Y 

16 3 -1 -1 -0 -1 1 -0 1 N 2 Y 

17 1 0 0 +1 2 0 +0.5 1 Y 1 Y 

17 2 0 0 +1 0 0 +0 1 Y 1 Y 

17 3 0 0 +0 0 1 +0 1 Y 1 Y 

18 1 -2 -3 -0 -1 1 -1 2 N 3 Y 

18 2 -3 -3 -2 -3 3 -1 3 N 4 Y 

18 3 -3 -4 -4 -3 3 -1 -3 N 4 Y 

19 1 0 0 +4 3 0 +1 -2 Y 1 N 

19 2 -1 -1 +2 1 0 +0 1 Y 1 N 

19 3 -2 -3 -0 -1 2 -0 -2 N 2 Y 

20 1 -1 -1 -0 -1 2 -0 2 N 2 Y 

20 2 -3 -3 -4 -3 3 -1 3 N 4 Y 

20 3 -3 -4 -4 -3 3 -1 -2 N 4 Y 

21 1 0 0 +0 0 0 +0 1 Y 1 Y 

21 2 -2 -2 -0 -1 1 +0 1 N 2 Y 

21 3 -3 -3 -2 -2 2 -0 2 N 3 Y 

22 1 0 0 +2 1 0 +1 0 Y 1 N 

22 2 -1 -1 +2 1 0 +0 1 Y 1 N 

22 3 -2 -2 -0 -1 1 -0 1 N 3 Y 

23 1 -1 -1 -0 -1 1 +0.5 1 Y 1 N 

23 2 -1 -1 +0 0 0 +0.5 1 Y 1 N 

23 3 -1 -1 -0 -1 1 +0 1 Y 1 N 

24 1 -1 -1 +2 2 0 +1 0 Y 1 N 



Master in Occupational Safety and Hygiene Engineering 

128 Annexes 

Participant Vote I1 I2 II1 II2 II3 III IV 

Personal 

acceptability 

(Y/N) 

Personal 

Tolerance 

Local 

discomfort 

24 2 -1 -2 +2 1 0 +1 0 Y 1 Y 

24 3 -1 -1 +2 1 0 +0 0 Y 1 Y 

25 1 0 0 +0 1 0 +1 1 Y 1 Y 

25 2 -1 -1 -0 0 1 +0 1 Y 1 Y 

25 3 -2 -3 -0 -1 1 +0 -1 Y 1 Y 

26 1 0 0 +2 2 0 +1 0 Y 1 N 

26 2 0 0 +0 1 0 +1 -1 Y 1 N 

26 3 0 0 +3 2 0 +1 -1 Y 1 N 

27 1 -1 -1 +0 -1 1 -0 1 Y 3 Y 

27 2 -1 -1 -0 -1 1 +0 1 N 3 Y 

27 3 -3 -3 -2 -2 2 -1 3 N 4 Y 

28 1 -1 -1 +2 -2 0 +0 0 Y 2 Y 

28 2 0 0 +2 2 1 +0 0 Y 2 Y 

28 3 -1 -1 +1 0 1 +0 0 Y 2 Y 

29 1 -1 -1 +0 1 0 +0 1 Y 1 N 

29 2 -1 -1 -0 -1 1 -0 0 Y 2 Y 

29 3 -2 -2 -2 -2 2 -0 1 N 3 Y 

30 1 -1 -1 +0 1 0 +0 1 Y 1 N 

30 2 0 0 +0 0 0 +0 1 Y 1 N 

30 3 -1 -1 -0 -1 1 -0 1 N 2 Y 

31 1 -1 -1 -0 -1 1 -0 1 N 2 Y 

31 2 -2 -1 -0 -1 1 -0 1 N 3 Y 

31 3 -2 -2 -2 -2 2 -0 2 N 3 Y 

32 1 1 2 +2 2 0 +1 0 Y 1 N 

32 2 1 2 +2 2 0 +1 0 Y 1 N 

32 3 1 1 +2 2 0 +1 0 Y 1 N 

 


