
 

Abstract— ISO/DIS 7730 and ASHRAE Standard 55 are the most 

up-to-date standards regarding the comfort conditions of the working 

environment [6]. In these standards, adaptive comfort level conditions 

are determined in places that do not have sufficient physical 

equipment.  

Optimal indoor air conditions in educational buildings are 

considered important in terms of health and comfort. It is known that 

especially the comfort conditions of the working environment affect 

the physical and mental production speed of people [1]. In places that 

do not have sufficient thermal comfort equipment, students try to 

reach the optimum comfort condition, adaptive comfort level with 

actions such as putting on and taking off clothes, opening windows or 

lowering the blinds/curtains.  

Within the scope of the study, the indoor comfort conditions of the 

classrooms in the structure of higher education (Istanbul Sabahattin 

Zaim University, Faculty of Architecture), which are heated with the 

central heating system and with natural and artificial ventilation, in 

Turkey. and “Satisfaction with the thermal environment” (PMV) and 

“Dissatisfaction with the thermal environment” (PPD) indices were 

investigated. Measurements were taken simultaneously in winter 

(November) with technical devices and surveys depending on the use 

of the classrooms (weekdays). The measurement results were 

analyzed statistically and the results obtained were compared 

according to the relevant standards (Ashrae 55, ISO 7730) [6]. Within 

the scope of the study, the connection and compatibility between the 

subjective acceptances of indoor users and the physical environmental 

results obtained with the measuring devices were investigated. 

It has been determined that the objective and subjective 

measurement results obtained in the sample higher education structure 

generally do not exceed the values in the relevant standards. 

 
Index Terms—A Fanger Comfort Model, Thermal Comfort, PMV, 

PPD values, energy efficiency. 

I. INTRODUCTION 

A. Fanger Comfort Model 

Comfort conditions cover many topics such as thermal 

comfort, acoustics and lighting. Thermal comfort studies in the 

world are carried out in different perspectives, especially in the 

20th century. Thermal comfort is scientifically explained as the 

state of being satisfied with the climatic environment in which 

people live [2]. It has also been investigated that comfort is not 

related to the physical state but also a psychological state. 

Therefore, in fact, a person's thermal comfort as warmth, 
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coolness, comfort, etc. are complex and not fully understood. 

According to the Fanger Comfort Model, the factors 

affecting thermal comfort are the metabolic activity 

(movement) level of the person and the dressing situation and 

the ambient temperature. 

Clothing style: People's clothing creates resistance to heat 

exchange with the environment. Its unit according to the SI 

system is m2K/W. 

Activity level: People's activity level determines the 

metabolic rate. In the SI unit system, the amount of energy 

emitted from 1 m2 of human surface is expressed in power and 

in Watt (=Joule/second). 

Indoor air temperature: It is the dry bulb temperature. A 

significant part of the thermal loss/gain from the human body is 

lost/gained from the room air by convection (convection). The 

most important variable that determines the amount of heat 

exchange between the human body and the indoor environment 

is the indoor air temperature, and therefore it is important in 

terms of thermal comfort. 

Average radiant temperature: Radiant temperature is an 

important dimension in terms of thermal comfort. Because as 

the average radiant temperature increases, comfort can be 

provided at lower indoor air temperatures in that volume.  

Air movements: The effects of air movements are important 

in the heat exchange of people with their environment. The 

location and dimensions of the air inlet and outlet openings, 

whether they are open or closed, affect the speed of air 

movement in a closed volume. (Door, window) 

Air humidity (Air humidity): The relative humidity of the air 

in a volume affects the heat loss of human by evaporation. As 

evaporation decreases.  

B. PMV and PPD “Predicted Mean Vote/PMV” and 

“Predicted Percentage Dissatisfied PPD” 

 

A method has been proposed by Fanger for the evaluation 

and analysis of the thermal environment, as shown in Figure 1 

“Predicted Mean Vote/PMV and Predicted Percentage 

Dissatisfied PPD”. In comfort conditions, the thermal load is 

zero, and the thermal sensation felt with any deviation from the 

zero load is accepted as a function of the thermal load and 

activity [5].  An equation for PMV was created according to the 

data created with a seven-point thermal sensitivity rating scale 

in Figure 2 , following the thermal perceptions of a large group.  
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Fig. 1. PMV PPD numerical value graph 

 

 

 

 

Fig. 2. PMV seven-point thermal sensitivity scale 
 

II. PURPOSE AND METHOD 

Comparative analysis of thermal indoor air comfort 

conditions (thermal comfort) with objective (objective) 

(HOBO measuring device) and subjective (subjective) (survey 

method) methods in four (4) different workshop classes in 

different campus buildings at IZU Halkalı Higher Education 

Campus [7].  has been carried out. A total of four (4) different 

classes, including the prefabricated workshop classes and the 

drawing workshops numbered EGB21 in the Basement Floor 

and EG201 in the Attic Floor in the Faculty of Education, were 

included in the study. All classrooms are designed in a similar 

rectangular form and their locations are indicated on the 

campus layout plan in Figure 3. 

 

A. Objective Method 

Measurements took place during the heating season 

(November) for one (1) day during the course and workshop 

hours. The location of Istanbul, where the study was carried 

out, has the characteristics of a temperate humid climate zone. 

The summers are mild and the winters are less cold. During the 

study period, the outdoor temperature was accepted as 14 °C. 

In the measurements of temperature, relative humidity, 

radiant temperature, air flow rate, PMV and PPD, the data were 

transferred to the computer environment by using the sensors 

(radiant temperature probe, comfort level measurement probe) 

of the multi-functional measuring device HOBOware and 

DO9830 measuring devices. 

Measurements were taken by accepting 1.1 met (70 

W/m2-built, light activity) for activity status in classrooms and 

1 clo (0.155 m2K/W-daily winter clothing) as clothing 

resistance.  Between 18 -20 November, when the classrooms 

are in use and the heating system is in continuous operation; It 

was carried out in every classroom between morning and 

evening. (between 9.00-17.00) There is no mechanical 

ventilation in the classrooms. 

Each place where the students are located is gridally divided 

into at least five (5) separate sections, and separate 

measurements were taken in each section.  

Students' actions to adapt were not included in the study. 

Before the survey, the actions of the students such as airing the 

classroom, taking off their clothes, opening the windows were 

allowed, and these actions were limited during the survey [4]. 

 

 
 

Fig. 3. Locations of Workshop Classrooms (IZU) 

 

 

B. Subjective Method 

Within the scope of the questionnaire, Fanger's 7-criteria 

thermal sensitivity scale was asked to the workshop students 

studying in the classroom in two different ways as optional 

questions. The indoor environment satisfaction of the students 

was examined in terms of the hot-cold relationship. The 

number of students, student ethnicity, male/female/average age 

were included in the questionnaire. 

Experiments were made with measuring devices during the 

solution of the questionnaires. Survey answers were given with 

instant perception. Questionnaires were distributed in a natural 

flow during the lesson [4].  
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Fig. 4. Sample Survey 

 

III. RESULTS 

A. Objective 

For the ateliers of the Department of Architecture where the 

measurements were made, the measurement results taken in 

four different classrooms at the same time every day between 

18-20 November during the heating season are given in this 

section. First of all, the operative temperature and relative 

humidity values calculated based on the measurement values 

were marked on the graphical method in the comfort range 

(winter period / heating season) in ASHRAE 55. As shown in 

Figure 5, all classes are within the comfort range. 

 

 

 
 

Fig. 5. Neutral (0) comfort range in classrooms according to ASHRAE 55 

 

 TM021 is the classroom with the highest comfort range in 

objective measurements in terms of winter conditions. 

M222/M223 follow. The results are close. In terms of winter 

conditions, the classroom with the least comfort range is seen 

as M211/ M212 in objective measurements. The EGB 21 

workshop is following according to the results. When we look 

at the characteristics of these classes, which are measured at the 

upper comfort limit of operative temperature values, the 

M211/M212 workshop class is located on the ground floor in 

the North. Although it has the widest and thinnest wall section 

in terms of wall thickness, it is one of the classrooms with the 

highest average student density. The TM021 classroom is 

located in the West, on the ground floor, with the thickest wall 

section and with the highest density of students. Although the 

M222/M223 workshop class also has a thin wall section, it is 

thought to offer a more comfortable environment due to its 

location in the south. It is thought that the EGB21 workshop 

class meets the least comfort conditions since it is located in the 

basement and has no ventilation. In addition, it is thought that 

mechanical ventilation does not work under these conditions. 

 

B. Subjective 

Within the scope of the survey shown in Figure 4, students 

were first asked whether they would prefer a warmer or cooler 

environment in their classroom. According to this situation, 

they were asked to mark the changes they preferred hot or cold. 

According to the results of the survey; it has been determined 

that the indoor environment is in neutral conditions with a rate 

of 26% in M211/M212 classrooms, that is, there is no need for 

a change in classroom indoor conditions. In addition, 24% of 

the students preferred a slightly cool environment. It has been 

determined that the indoor environment is in neutral conditions 

with a rate of 42% in M222/M223 classrooms, that is, there is 

no need for a change in classroom indoor conditions. It was 

observed that the rest of the students mostly found the 

classroom slightly warm and slightly cold. It has been 

determined that the indoor environment is in neutral conditions 

with a rate of 52% in the EGB21 classrooms, that is, there is no 

need for a change in the indoor conditions of the classroom. It 

was observed that the rest of the students mostly wanted to 

prefer a warmer environment. 

It has been determined that the indoor environment is in 

neutral conditions with a rate of 38% in the classrooms no. 

TM021, that is, there is no need for a change in the indoor 

conditions of the classroom. It was observed that the rest of the 

students mostly found the classroom slightly warm and slightly 

cold. 

According to the results of the survey, the workshops no 

M211/212 were found to be colder than the other classes. 20% 

of the class stated that they prefer a warm environment. It has 

been determined that students in classes M222/M223 are 

undecided about warm and cool. In the EGB21 class, 35% of 

the students stated that they preferred a warmer class. It was 

determined that the students in the TM021 class were still 

undecided. 20% of the students were torn between preferring a 

warmer and cooler environment. It is thought that this 

instability in the results is due to the door and window positions 

in the classroom architectural plan and on the circulation. The 
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dissatisfaction due to the homogeneous positioning of the 

groups and the activities of the students in the workshop was 

determined within the scope of the study. 

 
TABLE I: Comparative Thermal Comfort Survey Results Of Workshop 

Classrooms  (Questıon 1) 

 
 

TABLE II: Comparative Thermal Comfort Survey Results Of 

Workshop Clasrooms (Questıon 2) 

 

 
 

Within the scope of the survey, the students were asked to 

mark the indoor conditions in their classroom from -3 to +3 

according to the Fanger Comfort Model Scale as the second 

question. According to this situation, they were expected to 

evaluate the classroom environment between cold, cool, 

slightly cool, neutral, slightly warm, warm and hot options. 

 

1. According to the results of the survey question; 

• As shown in Table I in terms of winter conditions, the 

classroom with the highest comfort range in objective 

measurements is M222/223. Workshop no TM021 follows. 

The results are close. The classroom where the least comfort 

range is provided in objective measurements in terms of winter 

conditions is the EGB 21 workshop. 

 

2.According to the results of the survey question; 

• As shown in Table II, EG21 is the classroom with the 

highest comfort range in objective measurements in terms of 

winter conditions. The M222/M223 workshop is the classroom 

where the least comfort range is provided in objective 

measurements in terms of winter conditions. It has been 

determined that the indoor environment is in neutral conditions 

with a rate of 31% in M211/M212 classrooms, that is, there is 

no need for a change in classroom indoor conditions. In 

addition, 29% of the students preferred a slightly cool 

environment, that is, they found the indoor conditions of the 

classroom slightly warm. In M222/M223 classes, on the other 

hand, it was determined that the indoor environment was in 

mildly warm conditions with a rate of 31%. It was observed that 

the remaining students mostly found the class warm and warm. 

It was determined that in the EGB21 classrooms, it was felt 

slightly warm with a rate of 34%. It was observed that the 

remaining students mostly wanted to stay in a cooler 

environment or neutral situation. It was determined that 35% 

found the indoor environment slightly warm in TM021 class. It 

was observed that the rest of the students mostly found the class 

neutral and warm. 

In general, it has been determined that during the heating 

period, it is not felt cold in the classrooms, on the contrary, the 

classrooms feel warm and slightly warm in suitable ambient 

conditions. 

According to the results of the survey, the workshops 

M211/212 were found to be colder than the other classes. It has 

been observed that the M222/M223 classes have a warmer 

environment than the EGB21 class. It was determined that the 

students in the TM021 class were in a warmer environment 

compared to the EGB21 class. It is thought that this instability 

in the analysis results taken from the classrooms is caused by 

the door and window positions on the circulation and in the 

classroom architectural plan. The dissatisfaction due to the 

homogeneous positioning of the groups and the activities of the 

students in the workshop was determined within the scope of 

the study.  

IV. ARGUMENT  

The results show that students' thermal sensitivities and 

thermal preferences are not compatible. In particular, it was 

determined that the results of the 1st Questionnaire and the 

thermal comfort results of the objective measurements 

overlapped. For this reason, it was concluded that the Fanger 

Comfort Model overlapped with the survey results. Today, it 

has been revealed through the study that the Fanger Comfort 

Model is valid. 

V. CONCLUSION 

In this study, it is seen that MIM 2 is the classroom with the 

most comfort range in measurements in terms of winter 

conditions. Measurements outside the comfort limit here are 

usually measurements with high operative temperature values 

(about 1-1.5°C difference). In measurements outside the 

border, it is seen that indoor conditions change with the change 

of external physical data and the number of users is effective. 

Although there are differences in the measurement results 

depending on the different directions, floors, sizes and 

changing external wall thickness characteristics of the 

classrooms, these changes do not make a significant difference 

in terms of thermal comfort. 

Generally, it has been determined that the heating system is 

used at a high level on weekdays. It will also be beneficial to 
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support the heating system with a controlled system so that 

unnecessary fuel expenditures and indoor comfort conditions 

are not deteriorated. 

In the study, measurement results were obtained in 

accordance with the thermal comfort conditions given in the 

standards in general in the classrooms examined as examples. 

The effect of the heat storage feature is also seen in the masonry 

structure, which has thick massive walls of varying thicknesses, 

built in the traditional system. It is also very important for 

sustainability that the building continues to serve as an 

education structure in today's conditions and provides the 

necessary thermal comfort conditions. 

In the study, measurements were made for the heating season 

and evaluated accordingly. These measurements should also be 

carried out for summer conditions and periodic comparisons 

should be made. It is known that especially the heating season 

for Istanbul is between 15 October and 15 April. In this context, 

it has been observed that the range of objective and subjective 

experiments should be kept wider. In addition, the necessity of 

taking longer seasonal period measurements instead of weekly 

or daily measurement intervals and providing appropriate test 

conditions for this gains attention. 

Nowadays, it is necessary to provide thermal comfort 

conditions in every building. This becomes even more 

important in educational structures. It is thought that the 

researched study will provide benefits in terms of energy 

consumption and environmental effects of buildings, as well as 

being productive and productive, by providing thermal comfort 

in educational buildings. 
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