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ABSTRACT 

There are numerous higher education institutions in the region operating in naturally ventilated buildings. It’s an 

open fact that students spend maximum time in a day in classrooms on working days. Productivity and student’s wellbeing 

in classrooms are attributed to thermal comfort conditions. Because of its importance, studies of thermal comfort in 

classrooms at various levels of education have increased in recent years. The main objective of this research is to 

investigate  the extent of research being done on the thermal comfort studies in higher education institutes in general and 

in India in particular. Studies have tried assessing the thermal environments in classrooms and compared them with the 

available thermal comfort standards. Most of the studies proved that the student’s thermal preferences are beyond the 

thermal comfort range specified in the standards. The study results prove a point that a greater number of thermal comfort 

studies at the micro level are needed to understand the thermal preferences of occupants in various contexts. 

KEYWORDS: Adaptive Thermal Comfort, Classrooms, Subjective Analysis 

INTRODUCTION 

Today, Indian higher education stands amongst the largest in the world with over 799 universities, 39071 

colleges, 11923 stand-alone institutions and an enrolment of 345 lakhs students (ASHE,2017). Having higher densities, 

classrooms with uncomfortable thermal conditions may impact the teaching-learning process negatively. Designing 

classrooms for better comfort conditions and efficiency, thermal comfort standards are essential. Formulation of thermal 

comfort standards which can supplement Indian building codes for  sustainable future development of India are helped by 

the results of various thermal comfort researches (AK Mishra et al, 2015).  

Thermal comfort is the state of mind that expresses satisfaction with the environment (ASHRAE standard 55). 

Physical parameters of rooms will influence thermal comfort and indoor environmental quality. In naturally ventilated 

buildings, the climate is dynamic and occupants tend to use various controls available to make the climate comfortable to 

them (de Dear R et al, 1998). It is important to note that, users of naturally ventilated buildings will have variations in 

thermal acceptability when compared to Air-conditioned buildings as the tolerant levels are different. (Ricardo Forgiani 

&others, 2015).  
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This shows that there is importance to the subjective feelings of the occupants in a given space. Conventionally, 

thermal discomfort is treated as a subjective condition while thermal sensation is an objective sensation (Hensen,1991).  

It is not possible to predict universal comfort temperature for different building type having different occupancy 

patterns and as they are sited in different climatic contexts and used by the diverse profile of users differing in age, gender, 

cultural and economic backgrounds (de Dear, 1998, Kumar, 2014, Ponni, 2015). At the same time, there is no feasibility of 

generalized thermal comfort equation for all building types (Toe and Kubota, 2013). Occupants in naturally ventilated 

buildings have more relaxed expectations about the environment around and are more tolerant of temperature swings, 

while also preferring temperatures that tracked the outdoor climate trends (G S Brager, R J De dear, 1998).  

In the recent past, there is a vast literature developed on thermal comfort studies. In addition to the research on thermal 

comfort studies, many literature review articles were also published on various issues of thermal comfort. In this paper, 24 

research papers on field studies carried in classrooms of higher education institutions and nine papers on the literature on 

thermal comfort published in peer-reviewed scientific journals were reviewed to summarise various aspects of thermal 

comfort studies.  

Review of Literature on Thermal Comfort  

Thermal Comfort 

Thermal comfort is one of the important characteristics of user satisfaction and energy consumption in buildings. 

It was also defined by Hensen as ‘‘a state in which there are no driving impulses to correct the environment by the 

behavior’’ (Hensen, 1991). A healthy indoor climate is not only important for occupant comfort & enhanced productivity, 

but also for minimizing building carbonfootprint. The similar definition was given by Heschong that an indoor 

environment which people perceive as better than “just” comfortable or where people will be pleased with the indoor 

environment (Heschong 1979). Thermal comfort depends on objective parameters like air temperature and speed, relative 

humidity, the radiant temperature of the surrounding bodies,etc. (K.N. Modeste et al., 2014) and on subjective parameters 

like age, sex, health, and geographical conditions,etc. As per researchers like Humphreys & Nicol climate and culture plays 

a major role in affecting the thermal comfort which is  interlinked (Humphreys MA, Nicol, 1998). The indoor 

environments in naturally ventilated buildings greatly depend on the local climate, and the way environmental controls are 

used. Thermal comfort models described in ASHRAE 51 and CEN 15251 have been focussing on office buildings 

(Madhavi Indraganti, 2010). As per the Köppene Geiger system is one of the most popularly used climate classifications, 

climates are classified as (i) Tropical Moist Climates (A), (ii) Dry Climates (B), (iii) Moist Subtropical Mid-Latitude 

Climates (C), (iv) Moist Continental Mid-Latitude Climates (D) and (v) Polar Climates (E). Many surveys have been 

conducted in these climate types except (v) Polar climate where inhabitation is almost nil.  

Thermal Comfort Models 

There are two comfort models rational or heat balance model and adaptive model (Doherty TJ, Arens E, 1998). 

The rational model is based on the climate chamber studies and the adaptive model considers field studies of the occupants 

(Alison G, Kwok et al, 2010). Thermal comfort models have been researched upon since the mid-1900s, initially for 

military and aerospace applications, later for the assessment of climate inside vehicles and followed by the investigation of 

comfort parameters inside buildings (Fabbri & Kristian, 2015). Auliciem has done a number of studies for identifying 
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optimum temperatures for mental performance, and have done other studies on the relation between indoor temperatures 

with respect to various behavioral variables like posture, clothing, appearance etc. in classrooms in Europe and England 

(Auliciems, A.1969,1972,1975,1983&1989).  

Thermal Comfort in Educational Buildings 

Comfort conditions in educational buildings have always been important as the high occupant densities in 

classrooms can cause a negative influence on teaching-learning process and the performance of the students (Mendel M J, 

& Heath G A, 2005, Barrett P et al, 2015). In the 19th century the major studies in classrooms were about comfort and 

ventilation and in the 20th century, studies were focussed on ventilation and heating requirement in Europe and later in 

England (Kwok, A.G,1997). Holmberg and Wyon explained that there is no direct relation between  temperatures and 

learning (Holmberg, I.&D. Wyon,1969). The study of thermal comfort conditions in classrooms of Cameroun shows that 

various airspeed preferences depend on the type of climate season, habitat structure, operative temperatures, type of 

interior design, materials and ventilation (KN Modeste et al.,2014). The further acceptable indoor condition cannot be 

achieved without an overall acceptance of air quality, acoustics, thermal and visual comfort at the same time. Any 

deviations from these conditions lead to discomfort and productivity will be affected in classrooms (Zahra Sadat 

Zomorodian et al, 2015). Though De dear and Brager stated that the ‘current thermal comfort standards and models are 

supposed to be applicable for all type of buildings for all occupancy patterns across all types of climates’, the first thermal 

comfort standards used worldwide were prescribed by ISO 7730(4). 

REVIEW METHODOLOGY 

A through literature search was carried to understand the research carried by various researchers on thermal 

comfort studies in education institutes in general and in higher education institutes in particular. Through this literature 

study, it is identified that a vast literature is available on thermal comfort studies in buildings worldwide which has 

increased more in the last 10-15 years. A number of research papers published in various international journals in the last 

18 years is shown in Fig,1 below. 

 

Figure 1: Number of Relevant Papers Published in Selected Journals in Last 18 Years 
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 The following steps were carried to search the relevant papers for the literature search.  

• SCI database was searched for “research papers on thermal comfort studies’ published between 2000 to 2018 for 

the last 18 years and retrieved 38 papers from various reputed journals, conference proceedings. 

• The abstracts of the papers were studied to identify the suitability of the paper and made an excel file with all the 

selected papers in chronological order.  

Totally 38 research papers on field studies in classrooms of higher education institutions and literature review 

papers from various reputed international journals were shortlisted to study and understand the thermal comfort research in 

educational buildings. Table 1 shows the distribution of the research papers in  different journals. 

Table 1: Research Papers Published on Thermal Comfort in Various International Journals 

 
 
Review Papers on Thermal Comfort Studies 

There are many review papers published by many researchers on thermal comfort and on the field studies in 

various typologies of buildings, the first one of this was by Van Hoof J who studied the theories of thermal comfort 

theories by Fanger. Researchers like Yang L et al, Mishra and Ram Gopal, Ricardo Forgiarini Rupp et al and Noe¨l 

Djongyang studied about the available literature on thermal comfort (Yang L, et al, 2014; Noël Djongyang et al, 2010 & 

Haleiwa E, Hoof Java, 2012). Khoda karami and Nasrollahi, reviewed the thermal comfort studies in hospitals (Khoda 

karami and Nasrollahi, 2012). Zohra Sadat and others have studied thermal comfort studies done in educational buildings 

(Zohra Sadat Zomorodian rt al,2016). The literature studies on thermal comfort studies by researchers and the key 

observations are tabulated in Table 2 below. 
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Table 2: Summary of Reviewed Papers 

S. No Authors/Researchers Description of the Study Study Summery and Observations 

1 Van Hoof J (2008) 
Thermal comfort studies on 
Fanger’s theory 

• Fanger’s heat balance model still 
holds good for thermal comfort studies 
• Thermal neutrality need not be the 
ideal thermal condition as people on  many 
occasions prefer for non-neutral thermal 
sensations. 
• Very high or low PMV values need 
not necessarily reflect discomfort for many 
numbers of persons. 
• Applicability of the PMV model is 
more than the Adaptive model  
• By combining the individual control 
with the PMV model, people can create 
indoor environments for 100% acceptability 
by using Fanger’s model  

2 Haleiwa E, Hoof Java (2012) 
Reviewed the adaptive 
thermal comfort studies  

• There is no such thing as a set point 
in NV Buildings as the comfort level of the 
occupants is dictated by the occupants 
themselves 
• Comfort, convenience and cost are 
significant factors that affect people’s 
decision on a matter related to sustainability 
• there are differences between the 
outcomes of various adaptive comfort 
models in use today, which needs a scientific 
and practice-based discussion on which 
approach is right 
• Having standards based on field 
studies has enormous relevance, However, 
the models should allow people to have a 
more elaborate PMV-model-like solution that 
reflects the real thermal sensations in 
naturally ventilated buildings 

3 
Noël Djongyang, 
Rene´Tchinda, Donatien 
Njomo (2010)  

Progress of the thermal 
comfort studies in the last 
20 years 

• Both adaptive and rational approach 
of thermal comfort were presented 
• Subjects with sedentary activities in 
steady-state conditions, rational approach or 
heat balance model bring accurate 
predictions 
• An adaptive approach is better when 
subjects have some flexibilities in terms of 
behavioral and physiological adjustments,  
• Standards cannot be considered as 
an absolute reference as individuals state of 
mind that expresses satisfaction with the 
thermal environment is too diverse 

4 
Yang L, Yan H, Lam JC, 
(2014) 

Thermal comfort studies 
with respect to energy 
efficiency in different parts 
of the World 

• The PMV heat balance model works 
well in air-conditioned buildings but not in 
naturally ventilated spaces where occupants 
have adaptive opportunities 
• The adaptive approach with 
regression analysis tends to produce varying 
results (in terms of the regression coefficients 
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and predicted comfort temperature ranges) 
from different field studies.  
• More efforts are required to 
reconcile and unify the different adaptive 
models with a wider range of comfort 
temperature, which could have significant 
energy savings in both air-conditioned and 
naturally ventilated buildings.  
• Cooling requirements in an indoor 
environment can be reduced with a wider 
range of indoor thermal environment 

5 
Mishra and Ram Gopal 
(2013) 

thermal comfort studies 
according to climatic zones 

• Changing climate, pollution, and 
fossil fuel depletion, natural ventilation 
would become a norm with the right 
standards and design interventions. 
• All other climates except type ‘A’ 
have broader neutral temperatures 
• Buildings can determine adaptive 
behavior as per the design and function 
• Occupants try to use all adaptive 
options to restore comfort 
• People will opt for gadgets like 
AC’s if given a chance 
• Adaptive options like opening 
windows are  very common in all studies, 
other options depend on other parameters 
like climate and culture, etc. 

6 
Ricardo Forgiarini Rupp, 
Natalia Giraldo Vásquez, 
Roberto Lamberts (2015) 

Reviewed research papers 
published in last 20years on 
issues of thermal comfort 
studies in buildings 

• Research in thermal comfort studies 
have increased and many adaptive thermal 
comfort models and to adjust PMV/PPD 
model have emerged in different 
conditioning modes 
• Thermal comfort cannot be 
explained by six parameters only in many 
situations and factors that influence the 
occupant’s thermal sensation like culture, 
behavior, age, gender, individual preferences, 
control over the environment, thermal history 
and space layout needs to be studied 
• Thermal comfort is a complex topic 
and we are far from understanding all its 
interrelated aspects, needed a better 
understanding of thermal comfort to face 
climate change and energy demand 
• Further studies in this domain will 
deepen the knowledge base for better 
understanding of the topic 

7 
Khoda karami and Nasrollahi 
(2012) 

Reviewed the thermal 
comfort studies in hospitals 

• Studies were not done to reconcile 
the different thermal comfort requirements of 
different types of occupants who 
compulsorily must stay in one room in 
hospitals 
• In hospitals, important areas 
focussing on thermal comfort for staff and its 
relation with their productivity, using the 
different heating system to prevent 
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hypothermia in the patient and to improve 
the thermal comfort for hospital staff 
simultaneously needs to be undertaken 

8 

Zahra Sadat Zomorodian, 
Mohammad Tahsildoost, 
Mohammadreza Hafezi 
(2016) 

Reviewed literature on 
thermal comfort studies in 
class-rooms in educational 
buildings (primary, 
secondary and higher) 

• The importance of thermal comfort 
study is related to the relationship between 
occupant’s satisfaction, the functioning of  
space and energy consumption 
• As students spend much of their 
time in schools, it is important to provide a 
good thermal environment and indoor air 
quality. 
• Thermal discomfort may cause 
unsatisfactory conditions both for students 
and teachers 
• Existing thermal comfort standards 
like ASHRAE 55, EN15251, and ISO7730, 
etc. are inappropriate for assessing classroom 
thermal environments. 
• Thermal comfort studies shall be 
done for the whole year with more subjects 
for more generalized results. 
• Developing spatial and temporal 
thermal comfort metrices can be useful 
classrooms design evaluation 

 
Table 3: Summary of Reviewed Papers 

 
 
Field Study Methodology 

All the research studies carried on thermal comfort field studies were done in two stages, one is about the 

objective survey and the second on subjective analysis as per the standard regulations prescribed in ASHRAE 55 for 

conducting these surveys. Most of the surveys carried in these papers were done as per ISO 7730 standards or ASHRAE 

55. To understand the inter-relation between these two surveys, linear regression methods were  used.  
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Objective Study: Different physical parameters like air velocity, air temperature, relative humidity, and radiant 

air temperature, etc. were measured in the studied classrooms. Building measurements and material specifications were 

also detailed out. The study procedures were carried as per Class I Class II &Class III protocols for field measurements. 

Studies have also measured human parameters like metabolic rate and clothing level which are used to calculate Predicted 

Mean Vote (PMV), Effective Temperature (ET) and operative Temperature (Top) in a central location in the room at 

sitting height. Studied buildings are either from all types of ventilating systems including Air conditioned, Mechanical and 

naturally ventilated buildings. In some cases, illumination levels were also recorded.  

Subjective Surveys: For thermal comfort studies, subjective surveys are very important to understand the 

individual’s perception about  indoor comfort. There are no standard procedures to define how many subjects have to be 

surveyed or for the duration of the surveys, (Mishra and Ram Gopal, 2013). This is evident in the studies carried by 

researchers with the number of respondents is varying from 28 in one study to 4000 in some other studies. Different 

questionnaire types were used to get the required information from the respondents as per the age group. All the analysis 

and study reviews were carried as per the standards prescribed in ASHRAE 55and ISO 7730. 

Discussion on Thermal Comfort Studies in Universities  

 Many studies have been carried in naturally ventilated University buildings in China (S. No 3,4,6,7,10,13,15,16), 

Japan (S.No.1), India (17-20&22-24). Research about thermal comfort studies in the building have started around 1970’s 

but picked up the momentum in the last 20 years only. The identified 24 research papers are tabulated in Table 1. As per 

the International standards, thermal comfort is a situation in which an individual feels neither too hot nor too cold in a 

given environment with adequate air movement and comfortable lighting. Thermal comfort also depends on subjective 

parameters like age, sex, health, and geographical conditions, etc. And also depends on objective parameters like air 

temperature and speed, relative humidity, the radiant temperature of the surrounding bodies, etc. (K.N. Modeste et al., 

2014). For maximizing the learning and productivity which are important for schools and offices, thermal comfort becomes 

more relevant and important. Fanger’s models can represent well about the occupant responses in office buildings whereas 

in schools, adaptive mechanisms may influence the occupant thermal comfort significantly (Maria Anna Nico et al,2015). 

Humphreys (1981) and Nicol (1974, 1995, 1996) have done many studies to show that people are not the passive recipients 

of thermal environments but exhibit various behavioral adjustments to restore  comfort. It is widely known that comfort in 

a space is also influenced by other environmental factors than just thermal comfort (Lada Hensen Centnerová et al.,2010). 

Many researchers have carried studies on thermal comfort in naturally ventilated buildings of tropical climates like 

Singapore (de Dear, 1990, Wong et al., 2002), Malaysia (Zainazlan et al, 2007) and in China (Xiaojiang et al., 2006). After 

extensive studies and occupant’s subjective evaluation, adaptive thermal comfort standards for the hot and humid climate 

were  proposed by Nicole (Nicole, 2004). 

Through literature study it is evident that there has been a lot of research happening worldwide to determine 

thermal comfort standards in different environments, there is not much research happened to understand thermal comfort 

standards for naturally ventilated buildings particularly in the Indian context. In Indian context researchers like Sharma and 

Ali (1986) in office buildings and Anupama et al (2007), Indraganti (2010) and Manoj et al (2010) researched and 

evaluated the occupant’s subjective thermal responses in residential buildings of composite and cold climatic zones. Zhao 

Jun et al, 2016 conducted a survey to analyse occupant’s adaptation in university classrooms and dormitories in Harbin 
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during Oct 13 to April 2014 and shown that the acceptable temperature limits were lower in classrooms than in 

dormitories, due to difference in adjustment habits and thermal sensation votes have shown that students felt classrooms 

were hotter than dormitories which were on neutral side. Stefano Paolo Corgnati et al,2009 have done  a similar study in 

naturally ventilated Italian classrooms during mid seasons and identified that occupants were preferring a slightly warm 

environment in the winter period. This proves an interesting hypothesis of thermal preference trend which is contrary to the 

previous researches conducted in the classrooms of Italian university and high school during the heating season. Runming 

Yao et al,2010 did a study to examine the thermal perceptions and adaptive responses of occupants ‘in naturally 

conditioned university classrooms in Chongqing, China. This study state that occupants are less thermally sensitive in the 

naturally conditioned buildings than in an air-conditioned building and can tolerate a broader variation of air temperature 

under the AMV model than that under the PMV model. Plabita Baruah et al,2014 have done a study in NV classrooms 

during Summer and winter seasons to evaluate thermal comfort in naturally ventilated buildings in India and the results 

reveal that the subjects did not feel extreme levels of thermal discomfort during these periods. The acceptable limit of 

comfort temperature recommended by ASHRAE is closely similar to the survey results for winter months and is different 

for the summer months. It also deliberates that the classrooms thermal environment requirement is completely different 

from  that of the residential and office environment, so it demands a separate thermal environment assessment study to be 

carried out.  

Inferences from the Review 

• Researches done in various similar contexts prove that occupants are comfortable in temperature range starting 

from 20.7 0C to 290 C in various climatic zones. 

• Thermal environment of school classrooms affects students’ performance (Zeiler W et al, 2009 & Wargocki P et 

al, 2013). But there were not may researchers about the influence of thermal comfort on performance in 

University classrooms. 

• Most of the researches could not identify if there is any relation between the thermal perception of occupants with 

respect to Architectural parameters like building geometry, material specifications, orientation, etc. A detailed 

study about the influence of building properties w.r.t thermal preference is necessary. 

• Studies were conducted in various university classrooms shows that the results of these studies are not in tune 

with thermal comfort standards prescribed by ISO 7730(2005), ASHRAE 55 (2004) based on rational comfort 

approach or ASHRAE 55 (2010) based on adaptive comfort approach. It proves that there are wide disparities in 

the way people perceive comfort conditions in various places. 

• In the comfort studies carried in university classrooms, more than 60% of the studies were carried in a limited 

time period. Since many regions which fall in a hot humid climate in India consists of non-comfortable conditions 

in more than one season, it is important to conduct a survey for more than one season to understand the 

perceptions better. 
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•  Through this literature review, it is found out that researches have not been done keeping in view of the 

architectural properties of the spaces and thermal properties of the building materials while studying the 

perceptions of the occupants. This aspect can be explored to draw a relation between the architectural or thermal 

properties of the buildings with the perceptions of the occupants in various climatic conditions. 

CONCLUSIONS 

Students spend most of their time in classrooms and comfortable thermal environment shall be provided for 

creating a better learning experience. Studies have proven that the quality of thermal environment will impact the 

productivity of the students. Same time employing the energy-intensive artificial conditioning systems will have an adverse 

impact like increasing carbon footprint besides increasing the energy consumption levels. Researches prove that comfort 

temperature band is not common across various climate zones and there is a wide range of neutral temperatures preferred 

in the same climate zones. Most of the studies carried in a particular season or month with a limited number of respondents 

due to practical issues of conducting surveys during working hours. It is suggested to carry yearlong study with a greater 

number of participation from the respondents may be better for generalizing the results. Not many studies were carried to 

understand the influence of occupants economic or cultural backgrounds on their comfort preference. The thermal feeling 

is an individual perception and as per the point No.4 of the discussions above, if the thermal comfort standards cannot be 

generalized for the entire population instead shall develop based on the differences in climate/regional/age/activity etc. For 

this to happen more studies needed to be carried in each specific climate and populations with differences in economics, 

cultural and based on different ages to understand the variations in thermal preference as per their economic and cultural 

background.  
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