
Aalborg Universitet

Evaluating assumptions of scales for subjective assessment of thermal environments

Do laypersons perceive them the way, we researchers believe?

Schweiker, Marcel; André, Maíra ; Al-Atrash, Farah; Al-Khatri, Hanan; Alprianti, Rea Risky;
Alsaad, Hayder; Amin, Rucha; Ampatzi, Eleni; Arsano, Alpha Yacob; Azadeh, Montazami;
Azar, Elie; Bahareh, Bannazadeh; Batagarawa, Amina; Becker, Susanne; Buonocore,
Carolina; Cao, Bin; Choi, Joon-Ho; Chun, Chungyoon ; Daanen, Hein; Damiati, Siti Aisyah;
Daniel, Lyrian ; De Vecchi, Renata ; Dhaka, Shivraj; Domínguez-Amarillo, Samuel ;
Dudkiewicz, Edyta ; Edappilly, Lakshmi Prabha ; Fernández-Agüera, Jesica ; Folkerts, Mireille
; Frijns, Arjan ; Gaona, Gabriel ; Garg, Vishal ; Gauthier, Stephanie ; Jabbari, Shahla Ghaffari
; Harimi, Djamila ; Hellwig, Runa T.; Huebner, Gesche ; Jin, Quan ; Jowkar, Mina ; Kim,
Jungsoo; King, Nelson ; Kingma, Boris; Koerniawan, M. Donny ; Kolarik, Jakub; Kumar,
Shailendra ; Kwok, Alison; Lamberts, Roberto; Laska, Marta; Lee, Jeffrey M.C.; Lee, Yoonhee
; Lindermayr, Vanessa; Mahaki, Mohammadbagher ; Udochukwu , Marcel-Okafor; Marín-
Restrepo, Laura ; Marquardsen, Anna ; Martellotta, Francesco ; Mathur, Jyotirmay ; Mino-
Rodriguez, Isabel ; Mou, Di; Moujalled, Bassam ; Nakajima, Mia ; Ng, Edward ; Okafor,
Marcellinus ; Olweny, Mark ; Ouyang, Wanlu ; de Abreu, Ana Ligia Papst ; Pérez-Fargallo,
Alexis; Rajapaksha, Indrika ; Ramos, Greici ; Rashid, Saif ;  Reinhart, Christoph F. ; Rivera,
Ma. Isabel ; Salmanzadeh, Mazyar ; Schakib‐Ekbatan, Karin ; Schiavon, Stefano;
Shooshtarian, Salman ; Shukuya, Masanori ; Soebarto, Veronica ; Suhendri,  Suhendri;
Tahsildoost, Mohammad ; Tartarini, Federico ;  Teli, Despoina; Tewari, Priyam ; Thapa,
Samar ; Trebilcock, Maureen ; Trojan, Jörg ; Tukur, Ruqayyatu B. ; Voelker, Conrad ; Yam,
Yeung ; Yang, Liu ; Zapata-Lancaster, Gabriela; Zhai, Yongchao ; Zhu, Yingxin ; Zomorodian,
Zahra Sadat
Published in:
Energy and Buildings

DOI (link to publication from Publisher):
10.1016/j.enbuild.2020.109761

Creative Commons License
CC BY 4.0

Publication date:
2020

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

https://doi.org/10.1016/j.enbuild.2020.109761
https://vbn.aau.dk/en/publications/dd5cbffa-ff84-4c78-9ba0-5bda3b57616c


Citation for published version (APA):
Schweiker, M., André, M., Al-Atrash, F., Al-Khatri, H., Alprianti, R. R., Alsaad, H., Amin, R., Ampatzi, E., Arsano,
A. Y., Azadeh, M., Azar, E., Bahareh, B., Batagarawa, A., Becker, S., Buonocore, C., Cao, B., Choi, J.-H., Chun,
C., Daanen, H., ... Zomorodian, Z. S. (2020). Evaluating assumptions of scales for subjective assessment of
thermal environments: Do laypersons perceive them the way, we researchers believe? Energy and Buildings,
211, Article 109761. https://doi.org/10.1016/j.enbuild.2020.109761

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: July 04, 2025

https://doi.org/10.1016/j.enbuild.2020.109761


Energy & Buildings 211 (2020) 109761 

Contents lists available at ScienceDirect 

Energy & Buildings 

journal homepage: www.elsevier.com/locate/enbuild 

Evaluating assumptions of scales for subjective assessment of thermal 

environments – Do laypersons perceive them the way, we researchers 

believe? 

Marcel Schweiker a , b , ∗, Maíra André u , Farah Al-Atrash 

d , Hanan Al-Khatri e , Rea Risky Alprianti f , 
Hayder Alsaad 

g , Rucha Amin 

h , Eleni Ampatzi i , Alpha Yacob Arsano 

j , Elie Azar l , Bahareh Bannazadeh 

m , 
Amina Batagarawa 

n , Susanne Becker o , b , Carolina Buonocore 

c , Bin Cao 

p , Joon-Ho Choi q , 
Chungyoon Chun 

r , Hein Daanen 

s , Siti Aisyah Damiati f , Lyrian Daniel t , Renata De Vecchi u , Shivraj Dhaka 

v , 
Samuel Domínguez-Amarillo 

w , Edyta Dudkiewicz 

x , Lakshmi Prabha Edappilly 

a , y , 
Jesica Fernández-Agüera 

w , Mireille Folkerts s , Arjan Frijns z , Gabriel Gaona 

aa , Vishal Garg 

ab , 
Stephanie Gauthier ac , Shahla Ghaffari Jabbari ad , Djamila Harimi ae , Runa T. Hellwig 

af , ag , 
Gesche M Huebner ah , Quan Jin 

ai , Mina Jowkar aj , Jungsoo Kim 

ak , Nelson King 

l , Boris Kingma 

al , bs , 
M. Donny Koerniawan 

f , Jakub Kolarik 

am , Shailendra Kumar an , Alison Kwok 

ao , Roberto Lamberts u , 
Marta Laska 

x , M.C. Jeffrey Lee 

ap , Yoonhee Lee 

r , Vanessa Lindermayr ag , Mohammadbagher Mahaki aq , 
Udochukwu Marcel-Okafor ar , Laura Marín-Restrepo 

as , Anna Marquardsen 

at , Francesco Martellotta 

au , 
Jyotirmay Mathur an , Isabel Mino-Rodriguez 

av , Azadeh Montazami k , Di Mou 

p , Bassam Moujalled 

aw , 
Mia Nakajima 

ax , Edward Ng 

ay , Marcellinus Okafor az , Mark Olweny 

ba , Wanlu Ouyang 

bb , Ana Lígia Papst 
de Abreu 

bc , Alexis Pérez-Fargallo 

bd , Indrika Rajapaksha 

be , Greici Ramos u , Saif Rashid 

bf , 
Christoph F. Reinhart j , Ma. Isabel Rivera 

ao , bg , Mazyar Salmanzadeh 

aq , Karin Schakib-Ekbatan 

b , 
Stefano Schiavon 

ax , Salman Shooshtarian 

bh , Masanori Shukuya 

bi , Veronica Soebarto 

t , ax , 
Suhendri Suhendri f , Mohammad Tahsildoost bj , Federico Tartarini bk , Despoina Teli bl , ac , Priyam Tewari an , 
Samar Thapa 

bm , bn , Maureen Trebilcock 

bo , Jörg Trojan 

bp , Ruqayyatu B. Tukur n , Conrad Voelker g , 
Yeung Yam 

bq , Liu Yang 

br , Gabriela Zapata-Lancaster i , Yongchao Zhai br , Yingxin Zhu 

p , 
ZahraSadat Zomorodian 

bj 

a Building Science Group, Karlsruhe Institute of Technology, Englerstr. 7, 76131, Karlsruhe, Germany 
b WIN-Kolleg Thermal comfort and pain, Heidelberg Academy of Sciences and Humanities, Karlstr. 4, 69117, Heidelberg, Germany 
c CTC/Department of Architecture and Urban Planning, Federal University of Santa Catarina, Campus Trindade, 88040-970, Florianópolis - SC, Brazil 
d School of Architecture and Built Environment, German Jordanian University, P.O. Box 35247, 11180, Amman, Jordan 
e Civil and Architectural Engineering Department, Sultan Qaboos University, Al-Khod, P.O. Box: 33, PC: 123, Muscat, Oman 
f Laboratory of Building Technology, Department of Architecture, Institut Teknologi Bandung, Ganesha 10, 40132, Bandung, Indonesia 
g Department of Building Physics, Bauhaus-University Weimar, Coudraystr. 11A, 99423, Weimar, Germany 
h Faculty of Engineering and the Environment, University of Southampton, University Road, SO17 1BJ, Southampton, United Kingdom 

i Welsh School of Architecture, Cardiff University, King Edward VII Avenue, CF10 3NB, Cardiff, United Kingdom 

j Department of Architecture, Massachusetts Institute of Technology, Massachusetts Ave, 02139, Cambridge, United States of America 
k Faculty of Engineering, Environment and Computing, BNE Research Centre, Coventry University, Gulson road, CV1 2JH, Coventry, United Kingdom 

l Industrial and Systems Engineering, Khalifa University, Masdar Campus, Building 1B, 54224, Abu Dhabi, United Arab Emirates (UAE) 
m Architecture, University of Tehran, Kish International Campus, Niyayesh St., Mirmohanna Blvd, 79416-55665, Kish, Iran 
n Department of Architecture, Ahmadu Bello University, Zaria, Nigeria, Samaru„ Zaria, Nigeria 
o Department of Cognitive and Clinical Neuroscience, Central Institute of Mental Health, Medical Faculty Mannheim, Heidelberg University, J5, 68159, Mannheim, Germany 
p Department of Building Science, School of Architecture, Tsinghua University, Shuangqing Road, 10 0 084, Beijing, China 
q School of Architecture, University of Southern California, 850 Bloom Walk, Watt Hall 204, Los Angeles, California 90089-0291, United States of America 
r Department of Interior Architecture and Built Environment, Yonsei University, 50 Yonsei-ro, 03722, Seoul, Republic of Korea 
s Department of Human Movement Sciences, Faculty of Behavioral and Movement Sciences, Amsterdam Movement Sciences, Vrije Universiteit Amsterdam, Van der Boechorststraat 7, 

1081 BT, Amsterdam, The Netherlands 
t School of Architecture and Built Environment, The University of Adelaide, North Terrace, 5005, Adelaide, Australia 
u CTC/Department of Civil Engineering, Federal University of Santa Catarina, Rua João Pio Duarte Silva, s/n. Córrego Grande , 88.040-901, Florianópolis - SC, Brazil 

∗ Corresponding authors. 

E-mail address: marcel.schweiker@kit.edu (M. Schweiker). 

https://doi.org/10.1016/j.enbuild.2020.109761 

0378-7788/© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license. ( http://creativecommons.org/licenses/by/4.0/ ) 

https://doi.org/10.1016/j.enbuild.2020.109761
http://www.ScienceDirect.com
http://www.elsevier.com/locate/enbuild
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enbuild.2020.109761&domain=pdf
mailto:marcel.schweiker@kit.edu
https://doi.org/10.1016/j.enbuild.2020.109761
http://creativecommons.org/licenses/by/4.0/


2 M. Schweiker, M. André and F. Al-Atrash et al. / Energy & Buildings 211 (2020) 109761 

v Indian Green Building Council (IGBC), Confederation of Indian Industry (CII), Survey#64, 50 0 084, Hyderabad, India 
w Instituto Universitario de Arquitectura y Ciencias de la Construcción, Escuela Técnica Superior de Arquitectura, Universidad de Sevilla, Avenida de Reina Mercedes, 2, 41012, Sevilla, 

Spain 
x Faculty of Environmental Engineering, Wroclaw University of Science and Technology, Wybrz. Wyspianskiego 27, 50-370, Wroclaw, Poland 
y Department of Civil Engineering, Building Technology and Construction Management, Indian Institute of Technology Madras, Building Sciences Block, 60 0 036, Chennai, India 
z Department of Mechanical Engineering, Eindhoven University of Technology, Gemini Noord, 5612 AZ, Eindhoven, The Netherlands 
aa Departamento de recursos hídricos y ciencias ambientales, Universidad de Cuenca, Av. 12 de Abril, 10203, Cuenca, Ecuador 
ab Centre for IT in Building Science, International Institute of Information Technology Hyderabad (IIIT-H), Gachibowli, 50 0 032, Hyderabad, India 
ac Energy & Climate Change Group, Faculty of Engineering & Physical Sciences, University of Southampton, University Road, SO17 1BJ, Southampton, United Kingdom 

ad Faculty of Architecture and Urbanism, Tabriz Islamic Art University, Azadi, 5164736931, Tabriz, Iran 
ae Faculty of Engineering, Universiti Malaysia Sabah, Jalan UMS, 88400, Kota Kinabalu, Malaysia 
af Architecture, Design and Media Technology, Aalborg University, Rendsburggade 14, 90 0 0, Aalborg, Denmark 
ag Energy Efficiency Design, Augsburg University of Applied Sciences, An der Hochschule 1, 86161, Augsburg, Germany 
ah Energy Institute, University College London, 14 Upper Woburn Place, WC1H 0NN, London, United Kingdom 

ai Department of Architecture and Civil Engineering, Chalmers University of Technology, Sven Hultins gata 6, , Gothenburg, Sweden 
aj Faculty of Engineering, Environment and Computing, Coventry University, Gulson road, CV1 2JH, Coventry, United Kingdom 

ak School of Architecture, Design and Planning, The University of Sydney, Wilkinson Bldg G04, 2006, Sydney, Australia 
al Training and Performance Optimization, The Netherlands Organisation for Applied Sciences, Kampweg 55, 3769 DE, Soesterberg, The Netherlands 
am Department of Civil Engineering, Technical University of Denmark, Brovej 118, 2800, Kgs. Lyngby, Denmark 
an Centre for Energy and Environment, Malaviya National Institute of Technology (MNIT), JLN Marg, 302006, Jaipur, India 
ao Department of Architecture, College of Design, University of Oregon, 1206 University of Oregon, 97403, Eugene, United States of America 
ap Department of Interior Design, National Taichung University of Science and Technology, 129, Sec.3, Sanmin Road, 40401, Taichung, Taiwan 
aq Mechanical Engineering, Shahid Bahonar University of Kerman, Jomhouri, 76169133, Kerman, Iran 
ar Architecture, Federal Polytechnic, Polytechnic Road, 460262, Nekede, Nigeria 
as Faculty of Architecture, Construction and Design, University of Bio-Bio, Avda Collao 1202, 4081112, Concepcion, Chile 
at Department of Psychology, University of Koblenz–Landau, Fortstraße 7, 76829, Landau, Germany 
au Dipartimento di Scienze dell’Ingegneria Civile e dell’Architettura, Politecnico di Bari, Via Orabona, 4, 70125, Bari, Italy 
av Institute for Environmental Design and Engineering, University College London, Gower Street, WC1E 6BT, London, United Kingdom 

aw Project-team BPE, Cerema, 46 Rue St Théobald, 38081, L’Isle d’Abeau, France 
ax Center for the Built Environment (CBE), University of California, Berkeley, 232 Wurster Hall #1800, 94720, Berkeley, United States of America 
ay School of Architecture, Institute of Future Cities, Institute of Environment, Energy and Sustainability, The Chinese University of Hong Kong, CUHK, Shatin, NT, -, Hong Kong SAR, 

China 
az Architecture, Imo State University, Samek Road, 460222, Owerri, Nigeria 
ba Faculty of the Built Environment, Uganda Martyrs University, Nkozi, Uganda 
bb School of Architecture, The Chinese University of Hong Kong, CUHK, Shatin, NT, -, Hong Kong SAR, China 
bc Department of Civil Construction, Federal Institute of Santa Catarina, Av . Mauro Ramos, 950 - Centro, 88.020-300, Florianópolis - SC, Brazil 
bd Department of Building Science, University of Bio-Bio, Avda Collao 1202, 4081112, Concepcion, Chile 
be Department of Architecture, University of Moratuwa„ 10400, Moratuwa, Sri Lanka 
bf Department of Building Physics / Low Energy Buildings, Technical University Kaiserslautern, Paul-Ehrlich-Straße 29, 67663, Kaiserslautern, Germany 
bg Departamento de Arquitectura, Facultad de Arquitectura, Urbanismo y Geografía, Universidad de Concepción, Barrio Universitario, casilla 160-C, 4089100, Concepción, Chile 
bh Property, Construction and Project Management, RMIT University, Swanston, 30 0 0, Melbourne, Australia 
bi Department of Restoration Ecology and Built Environment, Tokyo City University, Ushikubo-Nishi 3-3-1, 224-8551, Yokohama, Japan 
bj Department of construction, Shahid Beheshti University, Evin, 1983969411, Tehran, Iran 
bk Sustainable Buildings Research Centre, University of Wollongong, Squires Way, 237, 2500, Wollongong, Australia 
bl Division of Building Services Engineering, Department of Architecture and Civil Engineering, Chalmers University of Technology, Sven Hultins gata 6, SE-412 96, Göteborg, Sweden 
bm Department of Environmental Studies, Salesian College, Sonada, Sonada, Dist. Darjeeling (India), 734219, Sonada, Darjeeling, India 
bn Department of Electrical Engineering, Poornima University, Jaipur, Jaipur, Rj (India), 303905, Jaipur, India 
bo Department of Architectural Theory and Design, University of Bio-Bio, Avda Collao 1202, 4081112, Concepcion, Chile 
bp Akademie für angewandte Bewegungswissenschaften gGmbH, Walter-Krause-Str. 11, 68163, Mannheim, Germany 
bq Department of Mechanical and Automation Engineering, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong SAR, China 
br School of Architecture, Xi’an University of Architecture and Technology, 13 Yanta Road, 710055, Xi’an, China 
bs Department of Nutrition, Exercise and Sports, University of Copenhagen, Copenhagen, Denmark 

a r t i c l e i n f o 

Article history: 

Received 29 May 2019 

Revised 6 December 2019 

Accepted 5 January 2020 

Available online 10 January 2020 

Key words: 

Thermal comfort 

Thermal sensation 

Thermal acceptance 

Field study 

Scales 

Post-Occupancy-Evaluation; Climatic zone 

Season 

Language 

Adaptation 

Diversity 

a b s t r a c t 

People’s subjective response to any thermal environment is commonly investigated by using rating scales 

describing the degree of thermal sensation, comfort, and acceptability. Subsequent analyses of results col- 

lected in this way rely on the assumption that specific distances between verbal anchors placed on the 

scale exist and that relationships between verbal anchors from different dimensions that are assessed (e.g. 

thermal sensation and comfort) do not change. Another inherent assumption is that such scales are inde- 

pendent of the context in which they are used (climate zone, season, etc.). Despite their use worldwide, 

there is indication that contextual differences influence the way the scales are perceived and therefore 

question the reliability of the scales’ interpretation. To address this issue, a large international collabo- 

rative questionnaire study was conducted in 26 countries, using 21 different languages, which led to a 

dataset of 8225 questionnaires. Results, analysed by means of robust statistical techniques, revealed that 

only a subset of the responses are in accordance with the mentioned assumptions. Significant differences 

appeared between groups of participants in their perception of the scales, both in relation to distances 

of the anchors and relationships between scales. It was also found that respondents’ interpretations of 
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scales changed with contextual factors, such as climate, season, and language. These findings highlight 

the need to carefully consider context-dependent factors in interpreting and reporting results from ther- 

mal comfort studies or post-occupancy evaluations, as well as to revisit the use of rating scales and the 

analysis methods used in thermal comfort studies to improve their reliability. 

© 2020 The Authors. Published by Elsevier B.V. 

This is an open access article under the CC BY license. ( http://creativecommons.org/licenses/by/4.0/ ) 

1. Introduction 

The first part of the widely used and often cited definition of 

thermal comfort states that “thermal comfort is the condition of 

mind that expresses satisfaction with the thermal environment and 

is assessed by subjective evaluation” [1] . Despite the apparent sim- 

plicity and elegance of this definition, determining and providing 

such conditions is a complex and partly unresolved task. 

As stated in the second part of the definition, thermal comfort 

“is assessed by subjective evaluation” [1] . Rating scales are widely 

used to collect such subjective evaluations of thermal conditions in 

built environments. Most commonly, thermal sensation is assessed 

to determine whether a specific thermal condition can be consid- 

ered comfortable or not [ 1 , 2 ]. The most prominent scale used for 

the assessment of thermal sensation is the ASHRAE 7-point scale, 

which consists of seven verbal anchors: “cold”, “cool”, “slightly 

cool”, “neutral”, “slightly warm”, “warm”, and “hot”. Thereby, the 

objective is to describe a one-dimensional relationship between 

the physical parameters of the indoor environment such as air 

temperature, mean radiant temperature, air velocity, relative hu- 

midity, personal parameters such as activity level and clothing in- 

sulation, and subjective thermal sensation [3] . At the same time, 

ISO 10551 [4] suggests to use one or more dimensions for the as- 

sessment of thermal perception depending on the subject of the 

examination. Dimensions mentioned in ISO 10551 are thermal sen- 

sation (from “cold” to “hot”), affective aspects (the level of dis- 

comfort “comfortable” to “very uncomfortable”), thermal prefer- 

ence (from “colder” to “warmer”), personal acceptance (“generally 

acceptable”, “generally unacceptable”), and tolerance of the indoor 

environment (5-points from “perfectly tolerable” to “intolerable”). 

Regarding data analysis, ISO 10551 [4] gives guidance on both the 

analysis of thermal sensation votes obtained on ordinal measure- 

ment level as well as the determination of percentage of dissat- 

isfied from thermal sensation votes obtained from relatively small 

samples of respondents. These guidelines seem to be rarely applied 

in practice. 

Several explicit and implicit assumptions underlie the usage of 

these rating scales. The following three of these assumptions rele- 

vant for rating scales applied in the area of thermal comfort re- 

search will be briefly introduced in the background section and 

further explored in light of the results in the discussion section. 

These are assumptions related to: 

1) The distances between individual verbal anchors of a scale, 

2) the relationship between verbal anchors from different dimen- 

sions of rating scales, and 

3) the independence of the scale interpretation of the context in 

which the scale is used (climate zone, season, etc.). 

This paper reports the results of a large-scale international col- 

laborative questionnaire study, which had as its main objectives: 

a) To review the validity of some of these assumptions related to 

scales for subjective assessments of thermal environments and; 

b) to investigate possible differences in the interpretation of such 

scales due to the context (e.g. climate, or season). 

Beyond the scope of this introduction and paper are discussions 

related to the type of scales (ranging from binary outcome, verbal 

description, multi-point scales, to visual analogue scales) or the 

number of anchors used (see e.g. [5–8] for further discussions of 

this topic). 

1.1. Background 

1.1.1. Assumptions related to distances between verbal anchors 

The common approach for assessing thermal sensation indoors 

assumes that the distances between individual verbal anchors are 

equal. For example, the distance between “cold” and “cool” is as- 

sumed to be equal to that between “cool” and “slightly cool”. 

This assumption is underlying both approaches in thermal comfort 

(heat balance and adaptive comfort model) presented in ASHRAE 

55–2017 [1] . However, recent research has questioned this assump- 

tion [ 6 , 9–12 ] and hence, the applicability of analyses widely ap- 

plied (e.g. linear regression). For example, Fuchs et al. [12] anal- 

ysed the equidistance assumption based on a data set from 63 par- 

ticipants by latent class regression (LCR). Their analyses revealed 

the existence of subgroups, whose responses vary in the magni- 

tude/extent of equidistance. Likewise, Al-Khatri and Gadi [13] ap- 

plied the successive categories method to investigate this assump- 

tion of equidistance and the assumption of coincidence between 

the middle category’s centre and the centre of the thermal con- 

tinuum of translated versions of ASHRAE, Bedford, and Nicol scale; 

three different scales often used in surveys. Their findings revealed 

irregular widths of categories and shifts of central categories from 

the centre of the thermal continuum. 

The assumption of equidistance combined with the assumption 

of coincidence between the centre of the middle category and the 

centre of the thermal optimum on the thermal sensation scale im- 

plies that a complete symmetry of the scale’s categories can exist. 

Thermal comfort scales used so far have different representa- 

tions: some are symmetrical, such as the thermal sensation scale 

[14] , while others are presented like an intensity scale, having only 

one verbal anchor for the comfortable category, but more than one 

verbal anchor for different extents of feeling uncomfortable [4] . Al- 

though indicating an ordinal scale type, for which, based on its 

general definition, the distance between naturally ordered cate- 

gories is unknown, the thermal comfort scale is often interpreted 

with equidistant verbal anchors. 

Often used comfort acceptance scales are dichotomous: “gener- 

ally (not) acceptable” [4] . In recent years also continuous scales 

have been developed for thermal indoor environment acceptance 

[15] , comparable to the scales used for indoor air quality assess- 

ment [16] . On such scales, the scale’s centre is “0 ′′ with the adja- 

cent verbal anchors being “just (not) acceptable” equalling but not 

being exactly 0 and the verbal anchors marking the scale’s ends 

being “clearly (not) acceptable”. 

1.1.2. Assumptions concerning the relationship between different 

dimensions of rating scales 

A classic assumption is that the middle three verbal anchors 

of the widely applied ASHRAE-scale, i.e. “slightly cool”, “neutral”, 

and “slightly warm”, represent thermally comfortable or acceptable 

http://creativecommons.org/licenses/by/4.0/
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conditions, i.e. satisfaction. This assumption is the basis for the re- 

lationship between predicted percentage dissatisfied (PPD) and the 

predicted mean vote (PMV) [17] and was used to establish accep- 

tance levels for the adaptive comfort model [18] . This assumption 

appears to originate from a study by Gagge et al. [19] that found 

that the subjective perception of “comfort” and “neutral” from one 

male subject occurred at the same temperature, and that discom- 

fort began to occur at “slightly cool” or “slightly warm”. Fanger 

cites these findings in his formulation of the PPD index [17] , which 

is subsequently cited by de Dear and Brager [20] in the develop- 

ment of the adaptive comfort model’s upper and lower acceptabil- 

ity limits. 

Several studies with far greater sample sizes have since then 

shown individual and contextual differences that do not support 

this assumption [ 6 , 10 , 21 , 22 ]. Back in 1998, based on a study with 

100 German subjects voting on their thermal sensation and satis- 

faction, Mayer [23] showed a PMV-PPD curve shifted to the right, 

i.e. a value between neutral and slightly warm associated with the 

lowest PPD and the lowest PPD being 15% instead of 5% as given by 

Fanger [17] . The review by van Hoof [24] presents three more vari- 

ations of the PMV-PPD relationship based on 1866, 40, and 1200 

votes and assigns them to different ventilation types and sample 

sizes in addition to a large variation in the contextual differences 

in these studies (laboratory vs. field, Korean, Brazilian, German cli- 

matic context). In a study with 140 participants, the difference 

between comfort and neutrality was statistically proven [11] . In 

this study, conducted in winter season with mostly English par- 

ticipants, comfort was shown to equal a preference for warmer 

conditions and neutrality did not represent the mid-point of the 

thermal continuum. Likewise, such a differentiation between com- 

fort and neutrality was also revealed in a recent study that in- 

vestigated Eastern Arabs’ interpretation of ASHRAE thermal scale 

phrases [9] , in which thermal sensations on the cold side of the 

scale were considered as comfortable. Using the ASHRAE Global 

Thermal Comfort Database II, analyses with 50 0 0 to 90,0 0 0 data 

points showed that the PMV model predicted thermal sensation 

correctly only in one out of three times and that the PPD was not 

able to predict dissatisfaction rate, if PMV is used as input. Cheung 

et al [22] showed the relationships between the observed thermal 

sensation and the observed percentage of unacceptability depend 

on climate, ventilation strategy, and building types. The percentage 

of dissatisfied was usually between 15–25% in the neutral zone. 

1.1.3. Assumptions related to contextual independence 

A third aspect related to the use of any thermal perception 

scale is related to differences in respondents’ perception or inter- 

pretation of a scale either due to the background of the individual 

(climatic or cultural) or due to the language and choice of words 

for the verbal anchors [ 10 , 25 ]. While there are numerous studies 

analysing contextual influences, such as the type of building or 

outdoor conditions, on thermal perception, there is hardly any re- 

search on the effect of the interpretation of scales. 

Research has shown that translation and semantic aspects are 

meaningful in the assessment of thermal comfort. For instance, a 

sample of Eastern Arab students translated "cool" to an Arabic se- 

mantic that literally means "moderate", "mild", or "neither cool nor 

warm", which indicates a shift of neutrality to the cool side of the 

thermal scale [9] . Additionally, this study compared the translated 

phrases used in some recent Arabic studies of thermal comfort and 

results suggest that the literal translation, without consideration 

of the climatic background, results in sensation votes perceived as 

comfortable, but outside the three central categories. 

The literature in the field of semantics of the words describing 

thermal sensations confirmed the dependence of temperature sen- 

sitivity on climate regions [25] . A total of 1141 university students 

of two different climate regions, Bangladesh and Japan, were in- 

vestigated using the ASHRAE 11-point scale. The survey reported 

distinct preferences for levels of comfort and sensitivity to tem- 

perature for the two groups, namely “neutral” and “cold” for the 

first group from Bangladesh, and “cool” and “hot” temperature for 

the second. The authors suggest that these differences reflect the 

acclimatization effect in different climates. Although it was em- 

phasized that words describing thermal sensations can be found in 

each dictionary, their exact semantic meaning does not correspond 

perfectly to the ASHRAE definitions. This linguistic aspect could 

cause difficulties for non-English speaking researchers in thermal 

comfort studies. 

The importance of words and their definitions used in thermal 

comfort studies was also indicated by Damiati et al. [26] . They de- 

scribe a comfort survey conducted in four different Asian countries. 

Related to semantics, they mention that in the ASHRAE Japanese 

translation “cool” and “warm” have positive meanings. To avoid 

mistakes in indicating discomfort conditions amongst Japanese re- 

spondents they chose the 7-point scale based on SHASE (Society of 

Heating, Air-conditioning and Sanitary Engineering of Japan) with 

less affective associations. 

1.2. Relevance and research questions 

An increasing amount of evidence, partly explored above, 

demonstrates that the traditional assumptions are likely not com- 

prehensive or inadequately understood in the analysis of thermal 

perception scale data. This is a critical issue because these assump- 

tions are implicit in thermal comfort models, incorporated in in- 

ternational Standards (e.g. ASHRAE Standard 55–2017 [1] , CEN EN 

15251–2007 [2] and CEN EN 16798–1 [27] ) that are applied in de- 

sign and operation of buildings worldwide. The design of passive 

measures and building concepts to support adaptive actions [28] or 

configurations of active HVAC systems rely on these standards and 

they are important for decisions by designers or engineers whether 

or not comfort criteria are achievable with different design alterna- 

tives. With respect to the operation of buildings, there are trends 

towards personification of climatic control in buildings [29] and 

the development of personal comfort models [30–32] . New tech- 

nologies allow collecting data on thermal perception from occu- 

pants and utilize such data for control/optimization of HVAC [33] . 

In this context, it is important that thermal perception data are 

collected using appropriate scales and analysed using appropriate 

statistical methods. A study by Petersen and Pedersen [34] is one 

example of a promising thermal sensation data polling station, in 

which any assessment of thermal sensation is mixed with assess- 

ment of comfort. The risk is that through the application of poten- 

tially inappropriate standards, buildings are designed or operated 

based on decisions that either do not meet the needs of the oc- 

cupants or do not consider the potential for relaxing requirements 

and therefore may have unintended consequences, e.g. excessive 

energy consumption or impact on occupants’ health and wellbe- 

ing. 

The main research questions arising from the introduced as- 

sumptions and research background are as follows: 

1 Related to assumption 1: Are the distances between the verbal 

anchors of thermal perception scales, i.e. the thermal sensation 

scale, thermal comfort scale, and thermal acceptance scale, per- 

ceived by subjects as equidistant or not? 

2 Related to assumption 2: What is the relationship between ver- 

bal anchors of the thermal sensation, the thermal comfort, and 

thermal acceptance scale? In addition, is the traditional as- 

sumption correct that the three middle votes of the thermal 

sensation scale can be considered as comfortable? 

3 Related to assumption 3: Is the relationship between verbal an- 

chors of thermal sensation and thermal comfort scale indepen- 
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dent of contextual factors, particularly of short-term climatic 

context (e.g., season), long-term climatic context, and language? 

2. Methods 

The methods described below were developed within IEA EBC 

Annex 69 through several discussion rounds between an inter- 

national and interdisciplinary group of researchers from the field 

of thermal comfort – the initial core group. In addition to face- 

to-face discussions, an online survey amongst these experts was 

conducted to speed up the communication. The details of these 

discussions, including the steps described in brief below up to 

Section 2.3.2 , were submitted and registered to the Open Science 

Framework as pre-analysis plan (PAP) [35] . The aforementioned 

process resulted in the development of a detailed survey ques- 

tionnaire focused on composition and interpretation of assessment 

scales. At the time of submission of the PAP, one application of 

the questionnaire had been conducted, but the resulting completed 

questionnaires were securely stored and untouched until submis- 

sion of the PAP. 

2.1. Questionnaire and target group 

The questionnaire consists of an introductory page, the main 

part dealing with the scales (2 pages), and a fourth page address- 

ing the respondents’ background and current thermal state (see 

English version in supplementary materials and all language ver- 

sions in the online repository). 

The questionnaire was designed to investigate scales on ther- 

mal sensation, thermal comfort, and thermal acceptance. In the 

main part, instructions prompted respondents to position the ver- 

bal anchors on a straight line with a verbal anchor fixed at ei- 

ther end (free-positioning task). A first application of the free- 

positioning task for the thermal sensation scale was presented by 

Pitts [11] . The free-positioning task applied in this study is based 

on previous work, which implemented and established the free- 

positioning task within a structured interview [ 6 , 36 ]. During these 

interviews, the free-positioning task was combined with a think- 

aloud technique [37] , which enabled a direct comparison of par- 

ticipants drawings and verbalized explanations [38] . Further, Fuchs 

et al. [36] showed the predictive capacity of results obtained by 

the free-positioning task for participants’ voting behaviour under 

experimental conditions. 

Fig. 1 illustrates the five free-positioning tasks, of which three 

were related to the distance between verbal anchors on the same 

scale and two about the relationship between (1) thermal sensa- 

tion and thermal comfort and (2) thermal sensation and thermal 

acceptance. The questionnaire (see supplementary material) com- 

prised written instructions with examples, unrelated to thermal 

comfort, demonstrating how to deal with this task. Respondents 

did not receive any further verbal instructions from the researchers 

in order to minimize potential biases or differences between appli- 

cations. Each drawing was followed by the question whether the 

distances between verbal anchors were intended to be “all equal”, 

“some equal / some not” or “none equal”. In addition, respondents 

were asked to draw a circle representing the area they perceived as 

comfortable on the straight line for thermal sensation and a circle 

for the area perceived as acceptable on the line for thermal com- 

fort. 

On the fourth page, questions prompted respondents to state 

their current thermal perception, sex, age group, country and city 

of residence, previous residence, and origin together with the pe- 

riod they have been residing in the current city of residence. 

Additional information collected by the researchers during or 

after distribution of the questionnaire were outdoor conditions ac- 

quired from available data from close-by weather stations (either 

owned by the researchers, available to researchers, or using wun- 

derground.com) and optionally a record of the indoor conditions. 

The initial core group developed the English version of the 

questionnaire. Researchers from the core group using other lan- 

guages than English translated the questionnaire and discussed the 

translation among experts in the field. The initial English version 

and the other language versions were piloted by seven indepen- 

dent research groups in six countries (Australia, China, Germany, 

Korea, Sweden, UK). Each of these language versions were tested 

with at least seven individuals (laypersons and experts) to en- 

sure that questions were perceived as intended. After these pi- 

lot tests, the core group finalized the questionnaire. The group of 

researchers was extended through a call within the Network for 

Comfort and Energy Use in Buildings (NCEUB) and personal con- 

tacts. In the following, individual research groups developed addi- 

tional language versions following the same protocol as outlined 

above. 

In total, 21 language versions were developed. Verbal anchors of 

the English version were chosen according to ISO 10551. In other 

languages, verbal anchors were either taken from ISO 7730, na- 

tional versions of ISO 10551, EN 15251, ASHRAE 55, already existing 

language versions, or new translations (see supplementary mate- 

rial for full list and descriptions). Table 1 shows the translations 

of the verbal anchors used for the thermal sensation scale. Trans- 

lations of verbal anchors for the thermal comfort and acceptance 

scales are given in the supplementary materials. 

The questionnaires were distributed as paper-pencil versions. 

In each city, the questionnaire had to be distributed as a mini- 

mum two times during two distinct seasons, depending on the lo- 

cal climate. Data had to be collected from a minimum of 100 re- 

spondents per city (minimum 50 per season in case when more 

than two seasons were collected). Questionnaires were distributed 

preferably at the end or, if necessary, during classes, when respon- 

dents had been seated for at least 30 minutes. 

Respondents were university students, because they have a 

minimal variance in age/activity level, promoting the focus on cul- 

tural differences, and because they are easy to access. In addi- 

tion, students should not have been acquainted with the concept 

of thermal comfort in their studies. Each respondent could only 

participate once (between-subject sample). 

Ethic approvals were acquired where institutional or national 

requirements made it necessary. 

2.2. Data preparation 

The position of the verbal anchors drawn in the free positioning 

tasks was quantified using a ruler and by measuring their distance 

from the left end of each horizontal line. Researchers participating 

in this study were advised to print the questionnaire in a way that 

the actual length of the line was exactly 100 mm in length. How- 

ever, there were several cases where the printouts were slightly 

distorted, i.e. the lines were shorter or longer. Researchers reported 

the actual length of the line in the printout together with the mea- 

sured distances. In case a line was distorted, the measured values 

were retrospectively adjusted for the ratio of the actual length of 

the line in the printed version to the prescribed length of 100 mm. 

Köppen-Geiger (KG) classification was derived for the place of 

survey (provided by the researcher), and the places of residence, 

previous residence, and origin (as stated by the respondents). To 

get the KG class for each combination of city and country, the KG 

world map (Version March 2017) provided for R [39] was used, 

which represents a re-analysed KG map [40] . 

Translations of verbal anchors for thermal sensation differ in 

ISO 10551 with respect to the number of adjectives for the verbal 

anchors of the warm and cold side of the scale – the same applies 

to the translations used for this study. Some languages, such as 
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Fig. 1. The five free-positioning tasks of the questionnaire’s main part. Respondents were asked to position the verbal anchors shown to the left of each line on the line. 

Note that lines are shortened here for illustrative purposes. 

Table 1 

Translation of verbal anchors for thermal sensation scale. Sensation types are explained in Section 2.2 . 
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Table 2 

Independent variables their scales of measure and levels. 

Predictor name Description 

Scale of 

measurement 

Number of 

levels Level descriptor (if applicable, reference levels in bold face) 

KG b) Residence KG classification of respondents place of 

residence 

Nominal 20 Af, Am, As, Aw, BSh, BSk, BWh, BWk, Cfa, Cfb , Cfc, Csa, Csb, 

Cwa, Cwb, Dfa, Dfb, Dfc, Dwa, ET 

KG b) Before Residence KG classification of place where 

respondents lived before current place of 

residence 

Nominal 22 Af, Am, As, Aw, BSh, BSk, BWh, BWk, Cfa, Cfb , Cfc, Csa, Csb, 

Cwa, Cwb, Dfa, Dfb, Dfc, Dsb, Dwa, Dwb, ET 

KG b) Origin KG classification of place where 

respondents grew up 

Nominal 24 Af, Am, As, Aw, BSh, BSk, BWh, BWk, Cfa, Cfb , Cfc, Csa, Csb, 

Cwa, Cwb, Dfa, Dfb, Dfc, Dsb, Dsc, Dwa, Dwb, Dwc, ET 

Language Questionnaire language Nominal 21 ar, da, de, el, en , esc, ese, ess, fa, fr, id, it, ja, ko, ms, pl, pt, si, 

sv, tw, zh a) 

Language type group of language with respect to the 

number of adjectives used for the 

sensation scale 

Nominal 4 1: one adjective for cool and warm side each (e.g. slightly 

warm, warm, and very warm) 

2: two adjectives for cool and warm side each (e.g. slightly 

warm, warm, and hot) 

3c: two adjectives on the cold side and one adjective on 

warm side of sensation scale 

3h: two adjectives on the warm side and one adjective on 

the cold side of sensation scale 

Native Is respondent native speaker of survey 

language 

Binary 2 Yes, no 

Season Season descriptor as classified by 

researcher 

Nominal 9 autumn, dry, spring, summer, wet, winter 

a) all acronyms are language codes according to ISO 639-1 [42] except esc (Chilean Spanish), ese (Ecuadorian Spanish), ess (Spanish) – also note: pt is used here for 

Brazilian Portuguese. See also Wikipedia [43] for a complete list. 
b) KG: Köppen-Geiger 

English, have in total four different adjectives, two on each side 

alongside neutrality (“warm” and “hot”, “cool” and “cold”) – for 

these language versions, the variable sensation type (SensType) has 

the value 2. Other combinations and their values are explained in 

Table 2 . 

Based on the comparison between the language of the ques- 

tionnaire and the official languages in the country of origin, the 

variable native was either “yes”, i.e. the questionnaire language 

was (one of) the official language(s) in the country of origin, or 

“no”. 

Independent variables, their scale of measurement, and levels 

(if applicable) relevant for this article are presented in Table 2 . For 

nominal variables, the reference level is defined as the level having 

the highest frequency in the data. 

Individual research groups digitalized the data from their ques- 

tionnaires and submitted the data to the project leader. The project 

leader controlled the raw dataset using an automated R-script to- 

gether with visual inspections and frequently demanded further 

checks in case of inconsistent datasets. A detailed description of 

all data quality checks can be found in Schweiker et al. [41] . 

2.3. Data analysis 

Table 3 presents a detailed overview of applied statistical anal- 

ysis methods aligned with the research questions stated in the in- 

troduction. 

2.3.1. Descriptive statistics 

Descriptive statistics were used to summarize the univariate 

data obtained with the free-positioning tasks. In order to present 

the variability inherent in the data, a focus was placed on showing 

means alongside medians and quartiles. 

In order to assess the agreement between the responses in the 

free-positioning tasks and the question, whether the drawing was 

intended to be equidistant, each response (i.e. subject and ques- 

tion) was classified as a) equidistant or b) non-equidistant. Based 

on a similar assessment presented by Schweiker et al. [6] , the fol- 

lowing procedure was described in the PAP: 

“If all positions of verbal anchors are within ±2 standard devia- 

tions (SD) from the theoretical equidistant position of the subset of 

those answering all equal, the response is regarded as equidistant”

As the survey resulted in a dataset that was 100 times larger 

than the one analysed in the reference study [7] , the range of ±2 

SD was found to be too large to apply here; it would have resulted 

in a tolerance of up to half of the line length. Therefore, 0.32 SD, 

0.68 SD, and 1 SD were used here, leading to comparable absolute 

tolerance levels in mm and referring to around 25%, 50%, and 68% 

of responses. 

2.3.2. Latent class regression analysis 

Latent Class Regression (LCR) analyses were used in order to de- 

fine groups of respondents, whose patterns in the free-positioning 

tasks differ significantly from each other. The R-package flexmix 

[44] and function initFlexmix were used, which automatically se- 

lect a meaningful number of classes based on maximum likelihood 

principles and the Integrated Completed Likelihood (ICL) criterion. 

In contrast to other clustering methods, LCR analyses derive 

clusters using a probabilistic model to describe the distribution of 

the data. Because a statistical model is used, the probability that 

certain cases are members of a certain latent class (it is assumed 

that there is some process or latent structure underlying the data) 

can be assessed as well as the goodness of fit, both not possible 

with other clustering methods. 

The regression model used in R with LCR was defined as 

Position on line [ mm ] 

∼ poly ( as . numeric ( Name of verbal anchor ) , 3 , raw = T ) (1) 

which creates a third order polynomial model with the measured 

position on the line as dependent variable and the ordered verbal 

anchor names transferred to integers as independent variable [see 

also 12]. Note that in the R language, the dependent variable is 

written to the left of the ~ -sign and the independent variable(s) 

to the right. 

2.3.3. X ²-tests 

X ²-tests comparing the first order with the second order poly- 

nomial model of the observed mean positions for each scale 

with the theoretical equidistant positions were used to assess the 



8 M. Schweiker, M. André and F. Al-Atrash et al. / Energy & Buildings 211 (2020) 109761 

Table 3 

Mapping of research questions, analysis methods, and corresponding section in methods and results. 

Research question Analysis method Details in section 

1 Specific distance assumption between the 

verbal anchors of thermal perception scales 

Comparison between respondents’ drawings of positions of verbal 

anchors on the thermal sensation scale, thermal comfort scale, and 

thermal acceptance scale and equidistant positions for thermal sensation 

and comfort, but specific position of verbal anchors for thermal 

acceptance close to 0 

Method: 2.3.1 Results: 4.1.1 

Latent Class Regression analysis to reveal subgroups of respondent’ 

drawings 

Method: 2.3.2 Results: 4.1.2 

2 Relationship between the verbal anchors of 

the thermal sensation scale and those of 

the thermal comfort scale and thermal 

acceptance scale 

Descriptive analysis of respondents’ drawings of positions of verbal 

anchors of the thermal sensation scale on the thermal comfort and 

thermal acceptance scale 

Method: 2.3.1 Results: 4.2.1 

Descriptive analysis of respondents circles and drawings 

Latent Class Regression analysis to reveal subgroups of respondent’ 

drawings 

Method: 2.3.2 Results: 4.2.2 

3 Contextual independence of relationship 

between thermal sensation and thermal 

comfort scale (contextual factors see 

Table 2 ) 

X ²-tests Method: 2.3.3 Results: 4.3 

Table 4 

Indoor and outdoor conditions. 

Variable N 1st Percentile – Median – 99th percentile Mean ± std. dev. 

T out Survey [ °C] 8189 -9.0 – 20.0 – 38.0 19.5 ± 9.3 

T out Day [ °C] 8189 -3.0 – 16.6 – 35.0 17.3 ± 8.8 

T out Week [ °C] 8189 -1.9 – 15.9 – 35.0 16.7 ± 8.9 

RH out Survey [%] 8189 5 – 63 – 100 61 ± 24 

RH out Day [%] 8189 8 – 71 – 96 66 ± 20 

RH out Week [%] 8189 11 – 69 – 92 65 ±19 

T in [ °C] 5031 17.4 – 23.7 – 33.3 23.9 ± 2.9 

RH in [%] 4371 18 – 49 – 82 49 ± 14 

Air velocity in [m/s] 2101 0.0 – 0.1 – 0.7 0.16 ± 0.16 

assumption of equidistance quantitatively. Further, X ²-tests were 

used to analyse whether observed frequencies of cluster sizes 

for distinct contextual differences in season, climate of residence, 

and language differed from expected frequencies. The R-function 

chisq.test was used and individual contributions of cells to the X ²- 
statistic were analysed based on percentage of each cells’ residual 

on the X ²-statistic. 

3. Data characteristics 

The total number of questionnaires distributed was 9111 of 

which 8225 were submitted to the analysis (mean response 

rate 86%). The percentage of female/male respondents was 

46.3 %/51.6 %. 0.3 % stated “Other” and 1.8 % either chose “I do not 

wish to specify” or did not respond to the question. 

The share of age groups was: < 21: 45 %; 21–25: 43.9 %; 26–

30: 6.7 %; 31–35: 1.6 %; 36–40: 0.4 %; > 40: 0.6 % and 1.8 % either 

chose “I do not wish to specify” or did not respond to the question. 

An overview of the geographic distribution of climates of res- 

idence, previous residence, and origin is given in Fig. 2 . Note: for 

reasons of keeping respondents’ anonymity, respondents from cli- 

mate zones with less than 5 respondents were placed in the group 

“other”. 600 (7.3 %) of the respondents had been living less than 

one year in their current location, 677 (8.2 %) between one year 

and three years, and 6268 (76.2 %) longer than 3 years in the cli- 

mate zone of residence. 

The distributions of the current thermal state of the respon- 

dents are presented in Fig. 3 . Sensation votes were nearly normally 

distributed with a tendency towards the cold side. The majority of 

respondents felt comfortable, preferred no change, and perceived 

conditions as just acceptable. 

Indoor and outdoor conditions during and preceding the appli- 

cation of each questionnaire are summarized in Table 4 . 

4. Results 

4.1. Conceptual distances between verbal anchors (assumption 1) 

4.1.1. Descriptive statistics of interpretation of distances 

Fig. 4 summarises the results of the free positioning task for 

the thermal sensation, comfort, and acceptance scales. It can be 

seen from the figure that the positions assuming equidistance are 

always placed within the interquartile range. 

Visual interpretation of Fig. 4 suggests that (1) the thermal 

sensation scale anchors are close to equidistance with a slight 

shift towards the cold side, (2) thermal comfort scale anchors 

are not equidistant and shifted towards extremely uncomfortable, 

and (3) thermal acceptance scale anchors are close to equidis- 

tance. Based on the X ²-tests, distributions of the positioning of 

the verbal anchors for thermal sensation and comfort ( Fig. 4 a) 

and b)) do not follow the assumption of equidistance (sensation: 

X ² = 10.7, df = 1, p < .0 0 01; comfort: X ² = 50.9, df = 1, p 

< .0 0 01). The majority (56%) of respondents indicated that only 

some verbal anchors of thermal sensation scale should be equidis- 

tant ( Table 5 ). From Fig. 4 b) it can be seen that the positioning 

on the comfort scale has the largest variance. The distances be- 

tween “comfortable”/”slightly uncomfortable” and “slightly uncom- 

fortable”/”uncomfortable” appear rather similar and larger than the 

distances towards “very uncomfortable” with different intentions 

regarding equidistance documented in Table 5 . 

The distribution of the verbal anchors on thermal acceptance 

scale is according to the equidistance assumption (X ² = 0.12, 

df = 1, p = .63). This result stands in contrast to the com- 
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Fig. 2. Bar charts for climatic background of respondents. 

Fig. 3. Distribution of current thermal sensation, preference, acceptance, and comfort votes at the time of the survey. 
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Fig. 4. Summary of the positions resulting from the free positioning tasks. Grey shaded boxes denote 1st, 2nd, and 3rd quartiles, black dots show mean values. Dashed lines 

show positions assuming equidistance, red coloured areas are composed of two boxes denoting the 1st and 3rd quartile of the lower and 1st and 3rd quartile of the higher 

end of comfort / acceptance range drawn by respondents and are discussed in Section 4.2.1 . 

Table 5 

Overview of answers related to perceived equidistance of verbal anchors. 

Scale All Some None NA 

Thermal sensation 1813 (22.0 %) 4580 (55.7 %) 1701 (20.7 %) 131 (1.6 %) 

Thermal comfort 2063 (25.1 %) 3084 (37.5 %) 2929 (35.6 %) 149 (1.8 %) 

Thermal acceptance 2683 (32.6 %) 2601 (31.6 %) 2564 (31.2 %) 377 (4.6 %) 

mon assumption of positioning the two verbal anchors around 0, 

hence in the centre of the scale. One third of respondents each 

stated “all”/”some”/”none” of the verbal anchors being equidistant 

( Table 5 ). 

4.1.2. Latent classes of perceived distances 

While the previous section describes general trends, the results 

of the LCR analysis provide a more detailed picture ( Fig. 5 ). The 

subgroups resulting from the LCR show distinct patterns suggest- 

ing quite different interpretation of the scales. The number of sta- 

tistically distinct clusters (subgroups) resulting from the LCR analy- 

sis differs across the different scales used: 6 for thermal sensation, 

and 8 each for comfort and acceptance. 

For thermal sensation, subgroup 2 consists of the largest groups 

of respondents (25.6%) and their pattern shows nearly equidis- 

tance, but slightly shifted towards cold. Still, the majority of re- 

spondents of this group – nearly 3 out of 4 – did not perceive the 

thermal sensation scale as equidistant. Subgroup 1 perceived the 

distances narrower on the cold side, while subgroup 5 perceived 

them narrower on the warm side. Subgroup 4 perceived distances 

between the middle votes narrower, while subgroup 6 places nar- 

rower distances close to scale extremes. Subgroup 3 had the largest 

variance and is not well definable. 

The verbal anchors of the thermal comfort scale are perceived 

by the largest group (subgroup 7) with the largest distance be- 

tween “comfortable” and “slightly uncomfortable”. This tendency 

is even more extreme in subgroup 3 (the second largest subgroup) 

and subgroup 1, indicating a very large comfort range. In contrast, 

subgroup 2 perceives the largest distance between “extremely” and 

“very uncomfortable”. Positions of subgroups 6 and 8 appear nearly 

equidistant. Subgroup 5 perceived “slightly uncomfortable” close 

to “comfortable” and the other two verbal anchors closer to “ex- 

tremely uncomfortable”. Subgroup 4 had the largest variance and 

is not well definable. 

For thermal acceptance anchors, the largest group (subgroup 4) 

perceived the distances as equidistant, but its weight is far from 

the majority. For most, the distance between the two middle verbal 

anchors increased from subgroup 4 to subgroups 5 (with a slight 

shift towards “unacceptable”) and 8 (with a shift to “acceptable”) 

to subgroups 3 and 1 showing the largest distance between “just 

acceptable” and “just unacceptable”. The distance between these 

two verbal anchors is minimal for subgroup 2, which is close to 

the assumption, that “just unacceptable” and “just acceptable” are 

close to each other in the middle of the scale. Note that subgroup 

2 was the second largest in the sample. Subgroup 6 perceived 

the two verbal anchors closer to “unacceptable”, while subgroup 

7 closer to “acceptable”. 

4.2. Perceived relationship between dimensions of thermal perception 

(assumption 2) 

The questionnaire contained two different ways to assess the 

perceived relationship between dimensions of thermal perception 

as presented in the following. 

4.2.1. Overall interpretation of relationship between dimensions 

In addition to drawing the position of verbal anchors for ther- 

mal sensation in Q1, respondents draw circles around the ver- 

bal anchors, which they perceive as comfortable. As presented in 
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Fig. 5. Response patterns (median positions and boxes from 1st to 3rd quartile) of 

each subgroup resulting from the LCR for the sensation, comfort, and acceptance 

scale. 

Fig. 4 a, overall the two boxes denoting the 1st and 3rd quar- 

tile of the lower and 1st and 3rd quartile of the higher end of 

comfort range as indicated by respondents comprised the central 

three categories of thermal sensation: “slightly warm”, “neutral”, 

and “slightly cool”. Fig. 6 a shows that the majority of respondents 

made their circle around no or one verbal anchors only, but at the 

same time Fig. 6 b confirms, that the middle three verbal anchors 

are most often within the comfort range. 

The two boxes representing the 1st and 3rd quartiles of the 

acceptance range ( Fig. 4 b) cover two verbal anchors of the com- 

fort scale: “comfortable” and “slightly uncomfortable”. This is again 

confirmed by the analysis presented in Fig. 6 d with these two 

verbal anchors appearing most often inside the acceptance range. 

Hence, for a large number of respondents, the perception of 

slightly uncomfortable conditions is still acceptable. 

Fig. 7 summarizes the drawings of the free positioning task 

combining a) thermal sensation and comfort, and b) thermal sen- 

sation and acceptance. The distribution of all data tends to be 

steeper on the warm side, indicating that warmer sensations 

would be perceived being less comfortable/acceptable compared 

to cooler sensations. Interquartile ranges are lowest for “hot” sen- 

sations followed by “slightly cool” sensations, but show a compa- 

rable magnitude for “cold”, “cool”, “neutral”, “slightly warm”, and 

“warm” sensations. The difference between positioning verbal an- 

chors for thermal sensation on the comfort scale compared to the 

acceptance scale appears to be rather small. 

The perception of comfort (the area between “slightly uncom- 

fortable” and “comfortable” in Fig. 7 a) tends to occur for the range 

between the 1st and 2nd quartile of “slightly cool” and “neutral”. 

This result is in good agreement with Fig. 4 a. The acceptance range 

(the lowest half of Fig. 7 b) covers also large parts of “cool” and to 

a bit lesser degree “warm”, hence “slightly uncomfortable” condi- 

tions. This tendency is in agreement with the results presented in 

Fig. 6 d. 

4.2.2. Latent classes of relationships 

As observed for individual scales ( Section 4.1.2 ), the LCR analy- 

sis shows distinct patterns indicating quite different interpretation 

of the relationships between the verbal anchors of the scales. 

The number of statistically distinct subgroups was 6 each for 

sensation on comfort and for sensation on acceptance. In Fig. 8 , 

the differences between these subgroups are clearly visible: 

• Subgroup 1 – “warm comfort” (the largest group): Comfort is 

associated with verbal anchors on the warm side. 
• Subgroup 2 – “3 central category comfort”: Most symmetric 

pattern that follows the classic assumption of the three central 

verbal anchors of the thermal sensation scale being within the 

comfort range. 
• Subgroup 3 – “wide comfort range”: “Cool” included in the 

comfort range. 
• Subgroups 4 and 6 – “cold comfort” and “cool comfort”: Com- 

fort was associated with verbal anchors on the cold side, with 

subgroup 4 being more extreme than subgroup 6 in this regard. 
• Subgroup 5 – “linear”: Nearly equidistant relationship with cool 

side in the comfort range, “neutral” placed as “uncomfortable”

and warm side towards the “extremely uncomfortable” end. 

Given the almost perfect intervals and small interquartile dif- 

ferences, this subgroup will be investigated further in the dis- 

cussion section. 

Fig. 9 presents the results for each subgroup resulting from the 

LCR related to thermal sensation anchors on the thermal accep- 

tance scale: 

• Subgroup 1 – “wide acceptance”: Symmetric with the five cen- 

tral anchors (including “cool” and “warm”) within the accep- 

tance range. 
• Subgroups 2 and 3 – “cool acceptance” and “cold acceptance”: 

The cool side is more acceptable with subgroup 3 being more 

extreme than subgroup 2 in this regard. 
• Subgroup 4 (the largest group) – “3 central category accep- 

tance”: The three central verbal anchors of thermal sensation 

within the acceptance range. 
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Fig. 6. a) Number of verbal anchors for thermal sensation scale inside the comfort range; b) number of times a verbal anchor for sensation was inside the comfort range; c) 

number of verbal anchors for thermal comfort scale inside the acceptance range; d) number of times a verbal anchor for thermal comfort was inside the acceptance range. 

Fig. 7. Summary of free positioning tasks. Boxes denote the 1st, 2nd, and 3rd quartiles, open circles show mean values. Horizontal lines show the position of verbal anchors 

on the a) comfort and b) acceptance scale according to median value in this study. 

• Subgroup 5 – “linear”: Nearly equidistant with the cool side 

in the acceptability range, “neutral” placed between “just ac- 

ceptable” and “just unacceptable”, and the warm side towards 

the “unacceptable” end. Given the almost perfect intervals and 

small interquartile differences, this subgroup will be investi- 

gated further in the discussion section. 
• Subgroup 6-“warm acceptance”: The warm side is more accept- 

able. 
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Fig. 8. Response patterns for the mean positions of each subgroup resulting from the LCR for the verbal anchors of thermal sensation on the comfort scale. 

4.3. Influence of contextual factors on perceived relationship 

(assumption 3) 

4.3.1. Season and climate 

In order to analyse the influence of climatic context (season 

and type of climate of residence) on the perceived relationship be- 

tween the verbal anchors of thermal sensation and thermal com- 

fort, frequencies of each subgroup in different seasons were com- 

pared. 

In Fig. 10 , the frequencies for each subgroup and each sea- 

son are presented. Only seasons with more than 100 respondents 

were considered here. Subgroup 1 (“warm comfort”, see Fig. 8 ) is 

most frequent in autumn and winter ( Fig. 10 ). Subgroup 2 (“3 cen- 

tral category comfort”) is frequent in all seasons except “dry” and 

“wet”. Subgroup 3 (wide comfort range from “cool” to “slightly 

warm”) is most frequent in spring, while the frequency of sub- 

group 4 (“cold” to “slightly cool”) is low in autumn, winter, and 

spring, but above average in “dry” and “wet” seasons. Subgroup 5 

(equidistant with “cool” as lowest) is highest in “dry” and “wet”

seasons, and subgroup 6 (“cool” to “neutral”) has the highest fre- 

quencies in “summer” and “wet” seasons. 

The X ²-test of independence reveals that there is a significant 

association between season and the subgroup number (X ² = 964, 

df = 25, p-value < 0.0 0 01). 

The analysis of the contribution (in %) of a given cell to the to- 

tal X ² score revealed that the most contributing cell to the X ² is 
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Fig. 9. Response patterns for the mean position of each cluster (group) based on LCR for verbal anchors of thermal sensation on acceptance scale. 

the wet season / subgroup 4 (15.3%/ + ). The “+ ” means that there 

is a positive association between the season and subgroup, mean- 

ing that the observed frequency is higher than the expected fre- 

quency. This is followed by wet/subgroup 2 (9.5%/-), wet/subgroup 

5 (8.9%/ + ), wet/subgroup 1 (8.1%/-), spring/subgroup 3 (6.6%/ + ) 

wet/subgroup 6 (5.6%/ + ) and autumn/subgroup 1 (4.9%/ + ). 

In Fig. 11 , the frequencies for each subgroup and climate zone 

are presented. Only climates of residence with more than 100 

respondents were considered. Subgroup 1 (“warm comfort”, see 

Fig. 8 ) is most frequent for respondents living in KG class Cf, while 

the least frequent for Af and Aw ( Fig. 11 ). Subgroup 2 (“central 3 

category comfort”) gets more frequent with cooler climates such 

as Cf and Cw. Subgroup 3 (“wide comfort range”) has in general 

a low frequency, but is most prominent in Cw. Subgroup 4 (”cold 

comfort”) and subgroup 5 (”linear”) are most frequent in Af and 

Aw. Subgroup 6 (”cool comfort”) has the highest frequencies for 

“Aw”, “BS” and “BW”. 

The X ²-test of independence reveals that there is a significant 

association between climate of residence (KG class) and the sub- 

group number (X ² = 1427, df = 30, p-value < 0.0 0 01). 

The analysis of the contribution (in %) of a given cell to the total 

X ² score reveals that the most contributing cell to the X ² is climate 

Af/subgroup 4 (14%/ + ). This is followed by Cf/subgroup 1 (12%/ + ), 

Cf/subgroup 4 (7.3%/-), Cf/subgroup 6 (7.2%/-), Aw/subgroup 4 

(6.6%/ + ) Af/subgroup 2 (6.1%/-) and BS/subgroup 6 (5.2%/ + ). 



M. Schweiker, M. André and F. Al-Atrash et al. / Energy & Buildings 211 (2020) 109761 15 

Fig. 10. Frequencies of subgroups in different seasons resulting from the LCR analy- 

sis. Frequencies are calculated for each season individually. Subgroup numbers cor- 

respond to subgroups presented in Fig. 8 . Dashed lines show the mean frequency 

of a subgroup within the full dataset. 

4.3.2. Language 

Questionnaire language, language type, and whether the re- 

spondents were native speakers of the questionnaire language 

might have affected the results of the free-positioning task. Ac- 

cording to the X ²-test of independence, the distribution of sub- 

groups for the free-positioning task for thermal sensation anchors 

on the thermal comfort scale differed significantly between the 

questionnaire language versions (X ² = 2027, df = 100, p-value < 

0.0 0 01). The analysis of the contribution (in %) of a given cell 

to the total X ² score reveals that the most contributing cell is 

the language Farsi/subgroup 6 (16.4%/ + ). This is followed by Ger- 

man/subgroup 1 (10%/ + ) and Korean/subgroup 3 (5.5%/-). There is 

also an effect of language type (X ² = 582.12, df = 15, p-value < 

0.0 0 01) (for a description of types see Table 2 ). The analysis of 

the contribution (in %) of a given cell to the total X ² score re- 

veals that the most contributing cell is language type 3c/subgroup 

6 (50.3%/ + ). This is followed by 3c/subgroup 2 (8%/-), 2/subgroup 

6 (7.6%/-) and 2/subgroup 3 (5.7%/ + ). Note that the 780 votes for 

language type 3c are solely from the Farsi and Greek language ver- 

sion. 

This study incorporated two languages written from right to 

left (Arabic and Farsi) so that the direction of writing might have 

confounded the results. The X ²-test of independence reveals that, 

the distribution of subgroups for all free-positioning tasks differs 

significantly between these two language versions and all other 

data (sensation: X ² = 84.8, df = 5, p-value < 0.0 0 01; comfort: 

X ² = 124.1, df = 7, p-value < 0.0 0 01; acceptance: X ² = 263.3, 

df = 7, p-value < 0.0 0 01; sensation on comfort: X ² = 355.3, df = 5, 

p-value < 0.0 0 01; sensation on acceptance: X ² = 348.2, df = 5, 

p-value < 0.0 0 01). However, inspection of individual cells’ contri- 

Fig. 11. Frequencies of subgroups resulting from the LCR. Frequencies are calcu- 

lated for each climate individually. Subgroup numbers correspond to subgroups pre- 

sented in Fig. 8 . Dashed lines show the mean frequency of a subgroup within the 

full dataset. Af: Tropical rainforest climate; Aw Tropical savanna climate; BS: Semi- 

arid (Steppe) Climate; BW: Arid Climate; Cf: Humid subtropical climates, Oceanic 

climate and subpolar oceanic climate; Cs: Mediterranean warm/cool/cold summer 

climates; Cw: Dry winter humid subtropical/subtropical highland/subpolar oceanic 

climate. 

butions does not reveal a consistent pattern, which could be at- 

tributed to respondents starting from a different direction. 

One third of our respondents (2731, 33.6%) were non-native 

speakers of the questionnaire language. As mentioned above, ques- 

tionnaires were provided in the local language (all 21 language 

versions are available online [45] ). The percentage of non-native 

speakers varies strongly between countries and applications. For 

example, the percentage of non-native speakers is below 5% in 

questionnaires from Ecuador, France, Iran, and Italy, while it is 

above 60% in Australia and the United Kingdom, which corre- 

sponds to differences in percentages of foreign students in respec- 

tive countries. The X ²-test of independence showed a significant 

difference between the distribution of subgroups between native 

speakers and non-native speakers (sensation: X ² = 28.3, df = 5, 

p-value < 0.0 0 01; comfort: X ² = 122.9, df = 7, p-value < 0.0 0 01; 

acceptance: X ² = 31.5, df = 7, p-value < 0.0 0 01; sensation on com- 

fort: X ² = 41.2, df = 5, p-value < 0.0 0 01; sensation on acceptance: 

X ² = 61.5, df = 5, p-value < 0.0 0 01). However, the inspection of 

individual cells did not reveal consistent patterns amongst the five 

free-positioning tasks. 

5. Discussion 

The questionnaire and the assessment procedure developed for 

this study is new, therefore methodological aspects will be dis- 

cussed first in this section. This is followed by a discussion of our 

findings and their implications. 
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5.1. Methodological aspects 

Methodological aspects refer to the questionnaire itself and po- 

tential limitations and implications for future applications arising 

from this study. 

Earlier attempts to challenge the equidistance assumption of 

the thermal sensation scale used either the method of graded 

dichotomies [46] or the successive categories method [47] . The 

method of graded dichotomies require large numbers of actual 

votes together with measured indoor environmental conditions. 

The successive categories method requires subjects in similar ther- 

mal conditions. In both methods, participants state their thermal 

perception for one specific thermal condition, so that for exam- 

ple a combination for one specific thermal sensation vote with one 

specific thermal comfort vote is obtained. In contrast, the question- 

naire using the free-positioning task can be applied to analyse par- 

ticipants’ conceptions of rating scales without any physical mea- 

surements and assesses the full range of the scales at the same 

time. The influence of actual conditions on the free-positioning 

task will be explored in future analyses. 

The present sample consists of university students in lecture 

rooms. This homogeneous sample in terms of subjects and build- 

ings was selected in order to focus on contextual differences 

such as season, climate, and language. It can be expected that 

the results will differ for other populations and in other circum- 

stances. The method may introduce some bias since all surveys are 

conducted in somehow controlled-environments, such as college 

buildings, which can lead to a narrowing of the personal expec- 

tations (no user expects to be very cold or very hot inside these 

buildings). We requested from all data contributors to involve only 

students not having had lectures on indoor environment, build- 

ing physics, or building services in order to mirror thermal com- 

fort concepts of laypersons in our study. Future work, extending 

the current sample and context (e.g. by including different build- 

ing types), is highly encouraged in order to analyse additional in- 

fluences on the perception of scales. 

There was a substantial number of questionnaires with missing 

data. The percentage of fully completed questionnaires was 33.4%. 

The percentage of questionnaires having all mandatory questions 

answered was 65.4%. The high proportion of surveys with miss- 

ing data may affect generalizability, however we have reasonable 

confidence in the results presented above as the missing responses 

were mainly against secondary questions (i.e. not the free position- 

ing tasks that are the primary focus of questionnaire). One poten- 

tial reason for the high number of missing responses may be the 

context in which the questionnaire was distributed (e.g. at the end 

of a lecture, when students would like to leave the lecture room) in 

combination with the complexity of the questionnaire, which is in 

part atypical and requires a high level of comprehension. The latter 

is reflected in a number of comments (3.5 %) stating that the ques- 

tionnaire was very complex and not easy to answer. The number 

of comments on complexity was low compared to the subjective 

impression of the researchers involved. 31 out of 51 groups (60%) 

experienced respondents reporting verbally about the complexity 

of the questionnaire, but some of these respondents seemed not to 

have added such comments in the provided space in the question- 

naire. The estimated median of feedback of students reporting dif- 

ficulties by these 31 research groups was 10%. Therefore, the total 

number of respondents perceiving the questionnaire as complex or 

not easy to answer is likely higher than 3.5%. Future applications 

need to consider such rate and increase their sample size accord- 

ingly or need to find solutions to reduce the complexity. 

During the preparation of this study, two potential ways of bal- 

ancing parts of the questionnaire were considered and discussed: 

(1) balancing the order of the free-positioning tasks and (2) bal- 

ancing the direction of drawing. With respect to the order of the 

free-positioning tasks, respondents may understand the way of re- 

sponding to the free-positioning tasks only after the first or second 

question. Therefore, balancing the order might change the response 

patterns, especially for the first two questions, in case respondents 

did not understand the given task, but did not want to change 

their response later. However, it was decided not to balance the 

order, because the latter questions looking at the relationship be- 

tween verbal anchors of different dimensions built upon the inter- 

action between individual scales and the order sensation, comfort, 

acceptance is the common order these questions are presented. Fu- 

ture applications might have to think about a first “dummy” free- 

positioning task in order to accustom respondents with this type 

of questions. Here, we decided to show examples of responses in 

the free-positioning task in order to visualize the way the task was 

expected to be completed. The preference scale traditionally used 

in thermal comfort studies was not used because previous appli- 

cations of the free-positioning task [12] , including our own pilot 

application [48] , suggested that this scale is often misinterpreted 

by respondents [ 12 , 48 ]. A similar tendency has been pointed out 

by Humphreys et al. [10] . 

5.2. Thematic aspects 

5.2.1. Validity of responses 

As presented in Tables 6–8 , a remarkably high number of re- 

spondents contradicted themselves with their drawings and the 

answer to the question whether the anchors are supposed to be 

equidistant. Overall, the majority of those participants, who an- 

swered that their drawing is not equidistant, did not draw the 

markers as equidistant. In contrast, the percentage of those par- 

ticipants, who answered that their drawing is equidistant and in- 

deed did draw the markers as equidistant, is not similarly high. 

For example, for thermal sensation and with a conservative toler- 

ance level of 2.2 mm for the drawings, 91.7% (1561 out of 1703) of 

the respondents, who answered that the markers were supposed to 

be equidistant, produced drawings with no equidistance between 

makers. Even by assuming that some drawings might not came out 

as intended by the respondents or were done in a sloppy way by 

applying a liberal tolerance of 6.7 mm, still 39% (665 out of 1703) 

of the respondents, who answered that the markers were supposed 

to be equidistant, presented drawings that could not be consid- 

ered as such. This contradiction, even with a high tolerance, is 

an interesting observation, illustrating that the type of question or 

task can strongly affect respondents’ responses. This phenomenon 

is well-known in cognitive psychology, for example, demonstrat- 

ing that whether response alternatives are phrased in a vague or 

precise manner results in differential response patterns. In addi- 

tion, decisions of individuals vary strongly on whether choices are 

phrased in a positive or negative context [49–51] . Accordingly, our 

findings illustrate that responses on scales and their anchors can 

be strongly influenced by the way participants are questioned. A 

simple question might trigger a simple answer. It is conceivable 

that such simple answers hide more complex conceptions of re- 

spondents, which can be observed in the free positioning task. It 

is impossible to decide which answer is the “correct” one, but this 

contradiction highlights that questionnaires and surveys have to be 

constructed carefully to minimise the risk of response biases (see 

[ 52 , 53 ]). 

Subgroups 5, which were characterized by the remarkable lin- 

ear patterns in Figs. 8 and 9 , are characterized by a low variance, 

linearity, and nearly perfect equidistance in a question, for which 

no equidistant answers were expected. This might suggest that re- 

spondents did not understand the question or may not have paid 

enough attention to understand that their response pattern should 

change between the first three free-positioning tasks and the last 

two. This assumption could be partially confirmed, if the same re- 
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Table 6 

Comparison of equidistance between verbal anchors for thermal sensation and the answer to the question, whether the drawing was intended to be 

equidistant. 

Q1: Sensation Drawing not equidistant Drawing equidistant 

Tolerance 0.32 SD (2.2 mm) 0.68 SD (4.6 mm) 1 SD (6.7 mm) 0.32 SD (2.2 mm) 0.68 SD (4.6 mm) 1 SD (6.7 mm) 

Answer equidistant 1561 (91.7%) 1103 (64.8%) 665 (39.0%) 142 (8.3%) 600 (35.2%) 1038 (61.0%) 

Answer not equidistant 5860 (99.7%) 5656 (96.2%) 5033 (85.6%) 18 (0.003%) 222 (3.8%) 845 (14.4%) 

Table 7 

Comparison of equidistance between verbal anchors for thermal comfort and the answer to the question, whether the drawing was intended to be equidis- 

tant. 

Q2: Comfort Drawing not equidistant Drawing equidistant 

Tolerance 0.32 SD (4.5 mm) 0.68 SD (9.6 mm) 1 SD (14.1 mm) 0.32 SD (4.5 mm) 0.68 SD (9.6 mm) 1 SD (14.1 mm) 

Answer equidistant 1380 (69.6%) 789 (39.7%) 616 (31.1%) 603 (30.4%) 1194 (60.2%) 1367 (68.9%) 

Answer not equidistant 5619 (97.1%) 4833 (83.5%) 3737 (64.6%) 170 (2.9%) 956 (16.5%) 2052 (34.4%) 

Table 8 

Comparison of equidistance between verbal anchors for thermal acceptance and the answer to the question, whether the drawing was intended to be 

equidistant. 

Q3: Acceptance Drawing not equidistant Drawing equidistant 

Tolerance 0.32 SD (3.1 mm) 0.68 SD (6.7 mm) 1 SD (9.9 mm) 0.32 SD (3.1 mm) 0.68 SD (6.7 mm) 1 SD (9.9 mm) 

Answer equidistant 1975 (75.6%) 1003 (38.4%) 661 (25.3%) 638 (24.4%) 1610 (61.6%) 1952 (74.7%) 

Answer not equidistant 4873 (97.7%) 4323 (86.7%) 3716 (74.5%) 115 (2.3%) 665 (13.3%) 1272 (25.5%) 

spondents belonged to subgroup 5 in both free-positioning tasks. 

However, only 312 (of 538/517) respondents, i.e. about 60%, be- 

longed to subgroup 5 in both cases. In addition, these respondents 

were distributed across different language applications, suggesting 

that there was no systematic distortion with a specific language 

version or application. Looking at the percentage of respondents 

from each application who belonged to subgroup 5, the highest 

values (between 40 and 50% can be found in the applications from 

Nigeria (three out of four applications by two different research 

groups) and Malaysia (one out of five applications by one research 

group). Both these regions are characterized by hot and humid 

climates with mostly stable outdoor temperatures year-round. Ac- 

cording to the discussion above, this climatic context increases the 

likelihood that the verbal anchors “cool” and “cold” are related to 

“comfortable” and “acceptable” conditions and that the dual na- 

ture of the scale (warm/cool with “neutral” in the middle) is not 

perceived in the same way as in climates with distinct cool and 

warm seasons. Therefore, these responses should be considered 

as valid, unless further analyses of additional answers promote 

the suggestion that respondents did not fill out the questionnaire 

properly. 

The validity of results can further be questioned with respect 

to the question whether respondents were able to relate a spe- 

cific perception of intensity (thermal sensation vote), for example, 

to the corresponding affective response (thermal comfort vote). It 

could be argued that the free-positioning task does not explain 

how people would vote under real conditions. Respondents in the 

present study also described their current level of perceived ther- 

mal sensation, thermal comfort, and thermal acceptance. In Fig. 12 , 

the distribution of votes for thermal sensation and comfort for the 

same subgroups as in Fig. 8 is very similar to the patterns of the 

free-positioning task presented in Fig. 8 . This suggests that the an- 

swers in the free-positioning task for the relation between ther- 

mal sensation and thermal comfort are likely close to what peo- 

ple would vote in a natural setting. It also suggests that people, 

after having many thermal experiences in their life, are able to 

associate sensations to comfort independent of their current ther- 

mal state, but dependent on the prevailing context such as season. 

In case these findings are supported by further analyses, the free- 

positioning task for thermal sensation on thermal comfort could 

serve as a tool to categorise participants of future studies without 

having to expose them to a large number of thermal conditions. 

The same figure as Fig. 12 but for current votes of thermal sen- 

sation on thermal acceptance is presented in the supplementary 

materials. In contrast to the comparison between Figs. 12 and 8 , 

the relationship between thermal sensation and thermal accep- 

tance is less similar between votes of the current thermal sensa- 

tion and the free-positioning task ( Fig. 9 ). This dissimilarity can be 

attributed to the lower number of scale points for thermal accep- 

tance (4) or that there is more variance in what is considered as 

acceptable, which can result in a larger dispersion between votes 

of the current sensation and the free positioning data. 

5.2.2. Effect of language 

Given the large number of language versions together with 

known issues related to the preparation of questionnaires in a 

multi-language context, the effect of language on the results needs 

to be discussed. 

Translations, language, language type. Despite its widespread ap- 

plication, the ASHRAE thermal sensation scale as well as the ther- 

mal comfort and thermal acceptance scales are not defined in large 

number of languages in the existing standards. Therefore, indi- 

vidual researchers or groups of researchers developed their own 

equivalent scale, so that the quality of the translation of the ques- 

tionnaire for these cases depends on the effort made by the trans- 

lator. The sources for the translation of verbal anchors for each 

language version together with additional comments can be found 

in the supplementary material. Note that emphasis for translations 

was on the meaning of the translation. Zavala-Rojas [54] referred 

to various past publications to underline the importance of func- 

tionality equivalence in the analysis. Functional equivalence theory 

takes into consideration the relationship between the original re- 

ceptors and the original text [55] . The translation has not neces- 

sarily to be identical, but measured concepts should have compa- 

rable behaviour in statistical analysis [54] . We found distinct differ- 

ences between language versions contributing significantly to cer- 

tain subgroups of the free-positioning task, in particular dispropor- 

tionate Farsi to “cool comfort” subgroup 6, German to “warm com- 

fort” subgroup 1 and Korean being underrepresented in the “wide 

comfort group” subgroup 3. A similar significant effect was found 

for the language type (definition see Table 2 ). 
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Fig. 12. Relationships between current thermal sensation votes and current thermal comfort votes for the subgroups found by the LCR analysis of the data from the free- 

positioning task of thermal sensation on thermal comfort (see also Fig. 8 ). 

An additional observation is that the neutral point was trans- 

lated in some languages to follow the logic from left to right, 

while in other languages the neutral point is breaking the lin- 

earity from left and right. For example, in German, the votes on 

the left go from “kalt” (cold) to “heiß” (hot) on the right, but 

the neutral point is defined as “weder warm noch kalt” (nei- 

ther warm nor cold). In contrast, for example, in Spanish, the 

scale ranges from “fria” (cold) to “calurosa” (hot) and with the 

neutral point corresponding to “ni fresca ni calida” (neither cool 

nor warm). Research on linguistics of taste [56] suggests that it 

is important to connect to the commonly used way laypersons 

talk about certain phenomena. Correspondingly, the German re- 

searchers agreed that the order “weder warm noch kalt” (neither 

warm nor cold) is perceived as more natural compared to “weder 

kalt noch warm” (neither cold nor warm”). Nevertheless, whether 

the order of the middle point adjectives affects the results needs to 

be assessed in future research focusing on variations of individual 

languages. 
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Overall, it is important to remember that languages developed 

under certain climatic conditions and a specific context in terms 

of culture and traditional constructions. However, some languages 

spread out later to other climates and contexts, which requires re- 

gional variations. The analysis of such processes might be an in- 

teresting work to be done in cooperation with linguists, but at 

the same time, the validation of existing and future verbal anchors 

might benefit from corresponding discussion. 

Direction of writing. During consistency checks, a higher per- 

centage of non-consistent response patterns was observed for 

question 2 (thermal comfort) in the Arabic version. One potential 

explanation for this effect might be the direction of the text in the 

Arabic version. While the text is from right to left, the extreme val- 

ues of the scale (i.e., “comfortable” and “extremely uncomfortable”) 

were not switched. As a result, while respondents go through the A 

to C options (placed on the right side of the scale) they still need 

to place them from left to right, which can be counter-intuitive 

for a respondent used to writing from right to left. The scales of 

the other questions (thermal sensation and thermal acceptance) 

were not switched. However, the occurrence of errors was lower 

for the sensation and acceptance scale, which might be explained 

due to their values being easier to understand (e.g., very hot, hot, 

etc.) compared to “slightly uncomfortable”, “uncomfortable”, and 

“very uncomfortable” (see also more specific comments related to 

the language version found in the supplementary materials). This 

study included two languages written from right to left: Arabic 

and Farsi. According to the X ²-test of independence, the distribu- 

tion of subgroups for all free-positioning tasks differs significantly 

between these two language versions and all other data. However, 

inspection of individual cells’ contributions did not reveal a con- 

sistent pattern, which could be attributed to respondents reading 

from right to left. In this context, it should also be noted that pref- 

erence for drawing with the left or right hand was not assessed, 

which might have a similar effect than that of languages written 

from right to left. 

Native speakers. One third of respondents were not native 

speakers of the questionnaire language. Their distribution over 

the subgroups was significantly different from native speakers, al- 

though no distinct pattern was observed. Future analyses need to 

look at these effects in more detail. 

In summary, the results show that there are differences be- 

tween languages, suggesting that translations might not have been 

functional. However, whether this is due to the language or the 

fact that some contextual conditions are more frequent in a spe- 

cific language region (e.g. that a specific language can be related 

to a specific climatic zone), needs to be assessed in future analy- 

ses, taking into account more than one predictor at a time. Such 

analyses are beyond the scope of this paper and will be reported 

in future publications. 

5.2.3. Effect of Köppen-Geiger classification 

The analysis of contextual influences on the perceived relation- 

ship between thermal sensation and thermal comfort revealed a 

significant effect of the KG class on the pattern of this relation- 

ship. The KG class was chosen for this study due to its wide spread 

use in the field of thermal comfort (see e.g. [57] ) and the ad- 

vantage that KG classes could be automatically derived based on 

publicly available resources. At the same time, it should be men- 

tioned that limitations in using the KG for thermal comfort stud- 

ies were shown [ 58 , 59 ]. The main argument is that the KG method 

was developed to characterize climate types based on plant species 

and not for human perceptions. The development of a classification 

scheme for human beings within the built environment is still an 

open task. The authors of this manuscript encourage any joint ac- 

tivity to develop a classification scheme suitable for human beings 

within the built environment. 

5.2.4. Semantic artefact hypothesis 

Results on contextual influences on the perceived relationship 

between thermal sensation and thermal comfort suggest that sea- 

sonal and climatic influences affect this relationship. These obser- 

vations can be related to the “semantic artefact hypothesis” [18] , 

which suggests that the preferred temperature in cold climates 

may in fact be described as “slightly warm,” while residents of hot 

climates may use words such as “slightly cool” to describe their 

preferred thermal state. For instance, a study conducted in natu- 

rally ventilated and air-conditioned classrooms in a hot humid cli- 

mate in the northern area of Brazil (São Luís, Maranhão – Aw in KG 

classification) showed that 100% of the occupants, who considered 

the environment as “slightly cool”, were comfortable, which was 

not the case for the “neutral” responses [60] . On the other hand, 

in a southern city with a humid temperate climate (Florianópolis, 

Santa Catarina – Cfa), the preference for a “slightly cool” condi- 

tion was only observed in naturally ventilated offices in summer 

[61] . Based on a large sample, the semantic artefact hypothesis is 

supported by the analysis of the ASHRAE Global Thermal Comfort 

Database II showing that the effect was stronger in warm climates, 

but not as prominent in colder climates [22] . The present study 

suggests that the relationship between thermal sensation and ther- 

mal comfort is not static, that is, not solely related to characteris- 

tics of the climate, but dynamic and also affected by conditions 

at present. Due to the interaction between climate and season, an 

additional multiple variable analysis is necessary to validate this 

observation. 

The authors of the “semantic artefact hypothesis” [18] further 

state that despite such differences in the interpretation of the ver- 

bal anchors, the actual preferred temperatures may be identical 

and that neutral temperatures, meant as optimal temperatures, 

may be lower than observed neutral temperatures in warm cli- 

mates and higher in cold climates. This assumption incorporates 

the understanding that “neutrality” would be a desired condition. 

However, researchers repeatedly identified a discrepancy to this as- 

sumption by users who declared satisfaction or comfort while feel- 

ing warm or cold [ 62 , 63 ]. 

Further studies have shown that this is likely an incorrect as- 

sumption, at least for occupants of real buildings. This type of 

work generally implements a complementary “preference” scale 

to determine not just right-here-right-now thermal sensation, but 

also whether that sensation is a desired condition. Humphreys and 

Hancock [62] refer to this approach as the double enquiry method 

[62, p. 868]. Related studies found that in a considerable propor- 

tion of collected responses occupants’ desired conditions are dif- 

ferent to neutral. For example, Humphreys and Hancock’s review 

of evidence from two thermal comfort studies (a sample of tertiary 

students and a sample of occupants of “ecological” houses) found 

that on 57% of occasions, occupants’ desired conditions were dif- 

ferent to neutral (n = 868 individual thermal comfort surveys). Sim- 

ilarly, Shahzad et al.’s [64] study of four office buildings reported 

that in 36% of responses, occupants’ desired conditions were dif- 

ferent to neutral (n = 313 thermal surveys). Using a qualitative ap- 

proach with the objective to assess peoples’ concepts of thermal 

sensation and comfort by means of interviews, 24% of 61 sub- 

jects in a study by Schakib-Ekbatan et al. [65] mentioned the mid- 

dle category (“neither cold nor warm”) as difficult to describe. 

In addition, only few others (N = 4; 6.6%) mentioned positive af- 

fective thoughts related to the verbal anchor “neither cold nor 

warm”. 

In addition to language and season, some findings might be in- 

fluenced by experiences and expectations. For example, the results 

on thermal comfort ( Fig. 6. b) could be related to students’ expe- 

riences and expectations, reflecting that the acceptance of slight 

thermal discomfort is a common and expected condition in lecture 

rooms. At the same time, while a slight lack of comfort is found of- 
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ten, it is not the exposure to extreme environments such as those 

related to hot / cold, very uncomfortable and unacceptable, which 

could be associated with the mental distance to the verbal anchors 

located more at the extremes. 

These observations highlight again that there is still a need 

to scrutinize thermal perception scales to better qualify user re- 

sponses and to continue the discussion on the operationalization 

of thermal satisfaction. At the same time, the authors of this pa- 

per are aware that “optimal” conditions are neither necessary nor 

beneficial in all occasions [ 66 , 67 ]. 

5.2.5. Practical implications and future work 

The goal of the present study was to challenge common as- 

sumptions made in the use of subjective assessment scales for 

thermal environmental research. The practical implications of this 

research can be divided into two parts. The first part consists of 

recommendations related to study design, data processing, and 

presentation and interpretation of data from thermal comfort stud- 

ies. The second relates to the use of thermal comfort data to in- 

form building evaluation and specification. 

Focussing first on the implications for future thermal comfort 

research, several recommendations can be drawn from the analyses 

and discussions presented above: 

- The distinct patterns of the subgroups found in the present 

analyses clearly indicate that the parametric approaches to pre- 

sentation and analysis of the data are questionable. Instead 

non-parametric visualisation and analysis methods should be 

used. 

- Sometimes, results from thermal comfort studies (either based 

on actual or predicted votes) are presented as e.g. mean val- 

ues with two decimals. The variation found in the present study 

once more clarifies that a) it is important to look at the mean in 

combination with the variance (both overall and in sub popula- 

tions) and b) the apparent accuracy of such values is of no prac- 

tical meaning, thus a lower number of decimals is sufficient. 

- The large impact of contextual factors (i.e. climate, culture, and 

language) on how scales are interpreted by subjects leads to 

the recommendation that future work should be more rigorous 

in reporting the context in which a study was conducted to- 

gether with the language version and details of the questions 

and scales applied. 

In the present study, climatic and seasonal variables played a 

role as well as the language of the questions and potentially the 

exact wording or visual representation of the questions and ver- 

bal/visual anchors. Therefore, the authors of this study encourage 

all colleagues to make reporting of these factors a minimum re- 

quirement for publication of studies in thermal comfort research 

and to be rigorous in testing the characteristics of the scales they 

apply in their studies. Authors of the present paper deliberately 

decided not to suggest changes in current standards dealing with 

thermal environment [1–4] , because several issues remain that 

need to be further studied as discussed above. However, it would 

be beneficial to consider providing information about possible in- 

fluence of climatic context and language of the verbal anchors on 

interpretation of thermal perception scales and obtained results 

through their application in the standards. These findings also re- 

veal the weakness of assessing only a single dimension of thermal 

perception. An important area for future work is to examine po- 

tential combinations of thermal scales that allow us to more di- 

rectly infer what conditions can be considered as “comfortable”

or “acceptable”, similar to work on scales used in pain research 

[6] . 

Besides the implications for research, the results of the present 

study are also relevant to practice. The current focus on energy 

efficiency in buildings has led to an increased interest in collect- 

ing feedback from occupants. Such feedback mostly concerns the 

thermal environment. The most widespread applications are post 

occupancy evaluation (POE) or post occupancy monitoring (POM) 

[ 68 , 69 ] that serves for documentation of building performance af- 

ter it has been taken into use or, in the long-term, as a per- 

formance optimization tool for facility management. Additionally, 

there are attempts to include building occupants and their per- 

ception directly into a control loop [70] . In the case of post oc- 

cupancy evaluation, the occupant feedback is usually collected in 

the form of paper or internet based questionnaires [71] . When 

perception is to be included in the control of building services, 

desktop polling devices or mobile phone “apps” are utilized [72] . 

Apart of the type of the interface, various forms of assessment or 

preference scales are utilized. In some cases, these scales are con- 

structed based on knowledge from existing thermal comfort re- 

search and related international standards [ 2 , 4 ]. When designing 

feedback processes to the building or HVAC control loops, it will 

be necessary to analyse this aspect in greater depth in order to es- 

tablish interfaces adapted to the user’s actual needs with greater 

precision. 

Here, it is important to emphasize the dynamic relation be- 

tween sensation and comfort, influenced by other factors than 

thermal perception (e.g. climatic context), and thus the importance 

of their assessment on separated scales. As the conditions found 

to be “optimal” or “comfortable” may vary significantly depend- 

ing on the dimension or combination of dimensions assessed, fur- 

ther work and discussions are necessary in order to understand 

based on which dimension or combination of dimensions a build- 

ing should be designed or operated in which context. For example, 

it is important to decide whether set point temperatures should be 

based on results from thermal sensation, thermal comfort, or ther- 

mal acceptance. In addition, future research may aim at the devel- 

opment of new scales more robust to those influences identified in 

this research. 

The development of any new scale needs to be carefully vali- 

dated with well-planned experimental studies in the laboratory or 

field. During such attempts, further aspects such as influences be- 

tween visual and textual individuals [ 73 , 74 ] may be considered. In 

addition, the need to develop more detailed scales could be dis- 

cussed, especially in the central region around neutrality and com- 

fort. This aspect became of interest in the context of environmental 

control systems based on perception and adaptation of the users 

[ 75 , 76 ]. 

6. Conclusions 

The present paper questioned the validity of three basic as- 

sumptions on scales used in thermal comfort studies. First, the ver- 

bal anchors that label thermal sensation scales and thermal com- 

fort scales are assumed to be equidistant and are often statisti- 

cally treated as metric scales. Verbal anchors labelling thermal ac- 

ceptance scales are assumed to have a defined distance with the 

two centre labels positioned just at + /- 0. Second, based on the 

idea that thermal comfort is experienced when thermal neutral- 

ity is achieved, the three middle votes of the thermal sensation 

scale are seen as representing comfortable conditions and the en- 

vironment as thermally acceptable. Third, the way verbal anchors 

relate to each other is assumed to be independent of context, with 

particular reference to short-term and long-term climatic context. 

Considering the huge emphasis on balancing thermal comfort with 

energy saving issues in buildings, as well as the availability of tech- 

nologies capable of controlling HVAC systems as a function of user 

needs, a proper interpretation of the user’s thermal comfort needs 

becomes of primary importance. 
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Based on the results of the present world-wide questionnaire 

survey translated into 21 languages leading to a dataset of 8225 

valid questionnaires, this study found that: 

- General trends based on the complete dataset show that the 

distances between verbal anchors on thermal sensation and 

thermal comfort scales are not perceived as equal, in contrast 

to common assumptions. 

- The trend for the thermal sensation scale is close to equidis- 

tance based on visual inspection, but not according to the sta- 

tistical analysis. For the comfort scale, the grand average and 

statistical analysis showed that verbal anchors tended to be dis- 

tributed in a non-uniform way and that this affected the verbal 

anchors to be identified as comfortable on the thermal sensa- 

tion scale. 

- With regard to the thermal acceptance scale, the interpreta- 

tion of respondents was equidistant contrary to the researcher’s 

concept behind the wording "just acceptable" and "just unac- 

ceptable" marking both the centre of the scale but with a clear 

tendency towards the one or the other pole of the scale. 

- Results of the free-positioning task combining thermal sen- 

sation with comfort, and thermal sensation with acceptance 

showed a skewed distribution leading to non-equidistance be- 

tween the thermal sensation labels drawn on the comfort and 

thermal acceptance scale. 

- Significant variations in perceived distances between verbal an- 

chors appeared when latent class regression analyses were ap- 

plied, identifying subgroups with distinct scale interpretation 

patterns. The latent class analyses indicated the existence of 

six different distributions of verbal scale anchors, pertaining 

to subgroups of different consistence, but showing statistically 

significant relationships with both season and long-term cli- 

matic characteristics of the place of residence. For example, re- 

spondents residing in hot climates tended to assign comfort to 

thermal sensations on the cold side of the scale (from “cold”

to “neutral”), while respondents residing in mild and colder 

climates assigned comfort to thermal sensations ranging from 

“neutral” to “slightly warm” thermal sensations. This finding 

clearly indicates that the interpretation of scales and their rela- 

tionships is subject of adaptation. 

- Additional analyses showed a statistically significant effect of 

the survey language on the interpretation of scales demand- 

ing further work to validate the functional behaviour of newly 

translated questionnaire versions. 

A comparison between the subgroups’ pattern in the free- 

positioning task and the votes assessing the actual perception of 

the respondents during the survey revealed strong similarities be- 

tween these patterns for thermal sensation and thermal comfort 

votes. This finding can be interpreted in that the thermal per- 

ception concept of the respondents represented in the first part 

of the questionnaire is consistent with the current evaluation of 

the thermal environment. Whether the interpretation of the scale 

or the actual perception acts as cause or effect remains a ques- 

tion for further analyses. Nevertheless, the present results suggest 

that the free-positioning task can be used to assess participants’ 

interpretation of scales and thereby can be used for more reli- 

able analysis of obtained perception votes. In addition, results sug- 

gest that the free-positioning task for thermal sensation on ther- 

mal comfort could serve as a tool to categorize participants of fu- 

ture studies without having to expose them to a large number 

of thermal conditions. In order to extend the results presented 

in this paper, it is necessary to undertake multiple variable ap- 

proaches because of the relationships between season, climate, and 

language, and to evaluate whether observed effects are attributable 

completely to a single factor or to combinations of factors, e.g., 

when some languages are more prominent in specific climatic re- 

gions with specific seasons. Such analyses are beyond the scope 

of this paper and will be addressed in future analyses of this 

dataset. 

Data records 

The dataset is available at https://doi.org/10.17605/OSF.IO/ 

9P2GQ 

Data citation: [45] 

The database is open for additional submission, e.g. applied in 

other activity contexts, e.g. offices or residential places, and other 

target groups, i.e. non-students. 
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