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1. INTRODUCTION 
 

Nowadays people spend nearly 90% of their lifetime in indoor spaces. Buildings have been 
separating from outdoor environments due to increased isolating effectiveness and air tightness. 
Natural air exchange has been decreased significantly; therefore indoor air is turning polluted 
and stuffy. It could have negative effects on occupants, such as health problems, mentally 
troubles and indisposition. Thus indoor air quality of buildings becomes even more important at 
international level.  

By definition indoor air quality is including all the non thermal parameters of indoor air 
which have an impact on human well-being. Related studies have been carried out from the 19th 
century already.   

In the 80’s decrease in air exchange rate of buildings become an issue, because of energy-
saving considerations.  However pollution load in enclosures had not been reduced; in fact it had 
been increased even more thanks to the new tiling-, and building materials (e.g. formaldehyde).  
In relation to air quality, complains would come up more often: headache, lassitude, tiredness, 
concentration problems, complains about exposure on eye and on mucous membrane in upper 
airways. Combined symptoms are known as „Sick Building Syndrome (SBS)". It follows from 
the above mentioned symptoms, that SBS studies concern special fields of sanitary issues, 
medical hygiene, HVAC engineering etc.  In the last years this topic was investigated by many 
researchers, applying subjective and objective methods of measurement and examination as well.  
Therefore wide range of international references is available nowadays. However it cannot be 
said that problems have been handled in a full-scale way.  

Indoor air quality was in the centre of the investigations by Professor Fanger, who worked 
in Danish Technical University. He refuted Yaglou’s theories in 1983, and based on his results 
Fanger [5] defined the definition of perceived air quality.    

 
 

2. GOALS, RAISING THE TECHNICAL PROBLEM AND 
DETERMINATION OF THE SOLUTION 
 
 Usually it means the summarized effects of thermal environment, air quality, acoustic, 
lighting and vibration by comfort of enclosures. In the field of ensuring proper comfort level, 
offices play more important roles, because workers spend significant time inside, and they 
performing intellectual tasks meanwhile.  
 In the course of indoor air conditioning, it is primary important to provide the desired 
indoor microclimate for people who occupy the room. Generally it means to fulfil thermal 
comfort requirements regarding the occupants’ needs. Thermal comfort level is satisfactory if 
people consider indoor environment optimal in terms of indoor air temperature, humidity, 
velocity and global radiant temperature. Thus occupants desire either higher or lower air 
temperature, either more or less air humidity level (in comparison with the parameters of the 
surrounding environment). 
 In international standards and guidelines required air quality parameters are also specified 
beside the desired thermal comfort. In the zone of occupancy, it means by control of indoor air 
quality that fresh air should be supplied in the required amount and quality, with respect of 
occupants’ needs. From this point of view Hungarian technical standards have been not 
completed. There is a connection between this and complains which have often occurred in air 
conditioned workspaces, where workers judge the “smell” of air unpleasant, they seem to “lack 
of fresh air”, or perhaps they are struggling with headache.  

I chose for my topic the perceived indoor air quality. It involves elements of indoor air 
which can be distinguished with an organ of sense, i.e. by smelling. This scientific field was 
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grounded by Fanger, he defined olf unit to quantify the strength of pollution sources, and decipol 
unit to evaluate perceived air quality. In Hungary indoor air quality terminologies have been 
clarified by Kajtár (2000). [1] 

Air contains numerous odourless gases which cannot be perceived by an human organ of 
sense (nose), such as CO2, CO, 1,2- Propandiol. It can be seen from the list, some gases among 
them have harmful effect on human health and therefore they are dangerous for people.  In my 
research these are not analyzed, this topic is not involved. Handle of gaseous air pollutants with 
health risk is a subject of the topic of health protecting at workspaces. Therefore I have not paid 
attention to these separately. 

Pollutants in indoor spaces are different organic or non-organic gases, vapours, radioactive 
gases, chemical dust, and biological floating dust. These could be getting into the indoor air from 
outdoor sources, office devices, consumer items, building materials, furniture, and from parts of 
the ventilation system. 

Buildings’ energy efficiency directives of the European Union prescribe even lower energy 
consumption. Therefore building isolation and air tightness keep improving. However 
transmission has been decreased, warming up the fresh air become even more significant part of 
heating energy demand of buildings. Energy consumption could be reduced by slighter amount 
of fresh air, but this is an inadequate solution considering that strictly indoor air quality standards 
cannot be fulfilled. Thus optimal planning of fresh airflow, which is supplied into the enclosures, 
is highly important. Energy demand of air handling can be lowered by elimination or limitation 
of pollutants’ sources (e.g. applying low-emission building materials). I have set in my study a 
target of emission source analysis of indoor air quality as regards perceiver indoor air quality. 

It would be useful to know the emission loads of materials already in the planning process 
of buildings, thus the interior decoration could be designed optimally according to the energy 
demand of ventilation.  At present companies, which manufacture interior design materials, give 
not information about pollutant loads and sensory emission data in the brochures of their 
products. Currently applied regulations in the EU are not uniformed or full-scaled.  

Nowadays evaluating of perceived indoor air quality is based on subjective sensation of 
subjects, who directly using their nose as a device. Imission of certain components of air can be 
quantified using suitable measuring devices in a selective way. Device to totally estimate the 
subjective impact of indoor air pollutants on humans has not developed yet. Combined processes 
(ODP) have been experimented, in order to take advantages of gas chromatography and human 
sense of smell both. No correlation has been found between these methods. 

At the beginning studies were made by panels of trained subjects (olf tester). Typically six 
test persons teamed up in one panel. It was expensive and long term project to train and prepare 
olf testers, who could be made being continuously available with difficulty. Therefore 
assessments have carried out by non trained subjects (naive panel) more often. Number of 
participants is 40-60 persons.  

There is an agreement to compare air quality level with acetone vapour etalons concerning 
indoor air quality. That is why I chosen this method too.  Correlation between acetone vapour 
concentration and decipol unit of perceived air quality was established by Bluyssen [29]. There 
is not an internationally accepted standard process how to produced air quality etalons at present. 
Thus it has become necessary to build an olf-box, which contains the etalons, in order to proceed 
the measurements. 
 

Goals of my research: 
- establishing a new assessment and evaluating method with subjective naive 

panels, in order to quantify indoor air quality and pollution loads of interior design 
materials, considering Hungarian circumstances; 

- analyzing mathematical distribution of subjective sensation judges 
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- how measurement’s accuracy is influenced by number of subjects, and what are 
the opportunities to determinate it, 

- evaluating effects of odour concentration on sensation. 
 
One of my goals is to establish a new assessing method which can provide input data for 

design, as regards odour emission of interior building materials commonly used in Hungarian 
practice. Based on results I have set myself as a target to determinate general conclusions 
concerning number of subjects, or expected errors of the measurement. Investigations were 
carried out with five independent panels in   2005, 2006, and 2007. Previously pre-investigations 
were also made (2000-2004.). The reason of pre-investigations was to test and to improve 
measuring method and evaluating process. 

Conclusions and results can be applied directly to plan indoor air quality in practice. 
Therefore indoor air quality can be ensured at a required level in enclosures, by choosing proper 
interior design materials, planning indoor air quality and calculating the optimal amount of fresh 
airflow.  The issue of indoor air quality is especially important in offices, because polluted air 
could have a negative effect on performance and productivity. Moreover energy demand of air 
handling centres could be decreased by optimal amount of fresh air.   

My research work has been done in the framework of OTKA tenders (T 029451, T 037596, 
T 49598 , supervisor: László Kajtár Ph.D.). 
  
 
3. SUMMARY OF REFERENCES  
 

3.1. Indoor air pollutants 
 

3.1.1. Pollutants 

 
The main groups of pollutants found in indoor air are chemical and biological pollutants 

(see Table 1.). Among the chemical group one can distinguish gases and vapours (inorganic and 
organic) and particulate matter. The biological group consists of microbiological (dust) particles 
floating in the air that originate from viruses, bacteria, protozoa, moulds, mites, insects, birds, 
mammals and pollen. 

          Table 1. 
Main groups of indoor air pollutants [4] 

Groups Subgroups   

Chemical 

Gases and 
vapour Inorganic: CO, CO2, NOx, SOx, O3 

  Organic: volatile organic compounds (VOCs), formaldehyde 
Particulate 
matter: Fibres: asbestos, mineral wood (synthetic), ceramic (vitreous and crystalline)

  Respirable suspended particles (RSPs), PM10 

  
Particulate organic matter (POM): biocides and polycyclic aromatic 
hydrocarbons 

Radioactive 
gases   

Biological 
Micro-organisms, mould, fungi, mycotoxins, bioaerosols pollens, mites, 
spores, allergens, bacteria, airborne infections, droplet nuclei, house dust. 
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Inorganic gases such as nitrogen dioxide (NO2), sulphur dioxide (SO2) and ozone (O3) are 
presented in all buildings. Ozone is photochemical oxidant, formed at ground level, when 
hydrocarbons and nitrogen oxides react with ultraviolet light. 

The important organic gases for indoor air are carbon monoxide (CO), an incomplete 
combustion product, carbon dioxide (CO2), produced by human animal breathing, and volatile 
organic compounds (VOCs). 

The WHO classified volatile organic indoor pollutants according to four categories (WHO, 
1998) (see Table 2.): 

1. very volatile organic compounds (VVOCs), 
2. volatile organic compounds (VOCs), 
3. semi-volatile organic compounds (SVOCs), 
4. particulate organic matter (POM). 
 

          Table 2. 
Classification of organic indoor pollutants [4] 

 
  Boiling point range (°C) Examples 

VVOCs <0 - 50 - 100 
Formaldehyde and other carbonyl 
compounds 

VOCs 50 - 100 - 240 - 260 Solvents and terpenes 
SVOCs 240 - 260 - 380 - 400 Pesticides and plasticizers 

POM >380 
Biocides and polycyclic aromatic 
hydrocarbons

 

3.1.2. Sources of pollution 

 
Pollutions sources, that emit substances in the indoor air directly or indirectly, can be 

divided into the following categories: 
- outdoor sources (e.g. traffic and industry); 
- occupant-related activities and products (e.g. tobacco smoke; equipment: laser printers 

and other office equipment; consumer products; cleaning, hygienic, personal care 
products); 

- building materials and furnishings; insulation, plywood, paint, furniture (particle 
board), floor/wall covering; 

- ventilation system components. 
 

3.1.3. Emissions mechanisms 

 
A product can emit substances (particles and/or gases) to the indoor air that originate from 

the product itself, that are caused by coming into contact with other products or that arise during 
the in-use phase of the product itself. 

 
Emissions that originate from the product itself (primary emission): 
- Organic compounds: VVOCs, VOCs and SVOCs – for example, phthalates in 

polyvinyl chloride (PVC) products; pentachlorophenol (PCP) in impregnated floor 
coverings; formaldehyde in wood-based boards (a long-term continuous emission from 
a dry material); and polycyclic aromatic hydrocarbons in coatings and bituminous materials. 

- Airborne particles: for example, asbestos and mineral wool from insulation products. 
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Emission caused as a result of the product environment: 
- These consist of emission resulting from the interaction of products (or primary 

emission compounds) with environmental elements such as ozone or water. 
 
Emissions that arise during the in-use phase of the product itself (secondary 

emission): 
- External substances may be adsorbed to the surface of the product and desorbed at a 

later time (e.g. certain cleaning compounds). A sink is defined as a source that shows 
adsorption and, after a while, emits those adsorbed pollutants again. 

- Microbiological growth in or on the surface of the products can result in the emission 
of spores, mycotoxins, synergizers and VOCs. 

 

3.2. Air quality examination 
 

To quantify indoor air quality different methods of examination have been developed. There 
are two main groups of methods, such as testing with panels or using measuring devices (see 
Figure 1.). As regards panel testing, several methods have been established, but outcomes can be 
rarely comparable. 

 

 
Figure 1. Methods of air quality assessments [2] 

 
Usage of air quality assessments  
 

Indoor air quality: 
During the direct evaluation process, subjects entry into the examined room and judge the 

air quality. Indirect method should be used to get objective results, because many external 
circumstances (visual and acoustic effects, general disposition) may have an influence on the 
assessment. A container is filled up with examined air by an adequate instrument, evaluation 
occurs under controlled laboratory circumstances. 
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Evaluation of odour sources: 

Odours in indoor air are released from many different sources. Emission of singular 
interior design materials can be estimated in laboratory environment. Measure and time 
depending change of emission could be affected by indoor air condition. Usage of a 
measuring chamber ensures permanent states.   
 
 
Examination of units in air handling centre: 

Air handling centres are built of modules, which are primarily optimized according to 
their function.  Odour emission of built-in materials (metal, plastic, rubber) has been taken 
into consideration only for a short time. Indirect evaluation can be difficult to proceed, as 
units usually are not installed into ideal environment. Moreover sampling of each module 
would be disproportionately expensive. Based on models individual units can be evaluated 
under laboratory conditions. 
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4. PLANNING LABORATORY EXAMINATIONS 
 

4.1. Construction of measuring states 
 

- olf-box: 
 

In the laboratory research, an olf-box instrument was necessary, which had been planned 
and constructed by me, accordingly to suggestions and descriptions of international references. 
By the olf-box assessments subjects evaluated unknown acetone sources by comparison with air 
quality etalons (see Figure 2.). Studies were conducted in the Air Quality Laboratory of the 
Department of Building Services Engineering at the Budapest University of Technology and 
Economics. In the course of assessments, subjects judged eight unknown acetone sources one by 
one.  Measurements were carried out with 4-6 participants on each occasion. 

  

 

Figure 2. Air quality etalons (olf-box) 
 
 

- evaluating emission of interior design materials: 
 

Theoretical structure of measurement state can be seen in Figure 3.  In design it should be 
taken into consideration that low emission materials have to be used. Therefore chamber was 
made of glass, deflector and flow smoother were made of stainless steel.  

The examined pollutant source was placed into the glass chamber a size 50x50x80cm. The 
structure of the samples ensured that only the exposure across the effective surfaces would be 
measured. Other surfaces were covered with an aluminium tape. Airflow across the chamber was 
developed by a fan (12V) installed on the one side. Ventilated air was exhausted across a sample 
cone. Test person judged the emission by smell, in a subjective way. Airflow could be controlled 
by DC power supply. Set value was 2,9 m3/h. 

 
 
 
 

2 
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Figure 3. Theoretical structure of measurement state of building interior materials’ 
emission  

 
 

4.2. The course of examination, participants  
 

In the Air Quality Laboratory of the Department of Building Services Engineering 
participants performed the olf-box tests first in the course of assessments in order to calculate the 
errors of the panel.  After a short term break subjects judged samples of interior design materials.  
Analyses were carried out with subjective scales (olf-box: questionnaire and Hedonic scale, 
emission of interior design materials:  Fanger and Hedonic scales). Before and between the 
measurements subjects were in the well ventilated entrance hall of the laboratory. Suitable thermal 
and acoustic environment was created in order to avoid effect of thermal and acoustic comfort on 
air quality assessment. In the examination room the sound pressure level was 36,6-37,0 dB(A). 
Participants were university students aged between 22 and 25, who had been not involved air 
quality studies before. Compositions of the measuring teams are summarized in Table 3.  

Table 3. Measuring teams 

Measuring 
Date 

Number of subjects 

team Male Female Total 

VII. 10.-11. 2005. 39 6 45 
VIII. 4. 2006. 39 5 44 

IX. 10.-11. 2006 37 6 43 

X. 4.-5. 2007. 33 10 43 

XI. 10.-11. 2007 32 1 33 
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5. ASSESSEMENTS OF THE RESULTS  
 

5.1. Evaluation of measurements with acetone vapour etalons 
 

 5.1.1. Measurement accuracy according to the evaluation chart   

 
Evaluation chart, showed in Figure 4., was helped to provide a graphical evaluation of 

measurements with etalons. Average of the team was analyzed as well as performance of each 
subject. It can be seen e.g. the results of XI. measuring team in Figure 3. Based on the chart it can 
be said that XI. measuring team fulfilled the trained panel requirements.  

 

 

Figure 4. Average results of XI. measuring team (33 subjects)  
 

 5.1.2. Normality analysis of examinations carried out with air quality etalons  

 
Normality analysis of olf-box tests was performed based on Kolgomorov-Smirnov probe 

with the help of SPSS 15.0 software.  If level of significance increases over 0.1, fitting can be 
considered acceptable (Asymp. Sig.). Moreover it is inadequate below 0.01.  Results and 
significance levels are composed in Table 4. Significance values between 0.1 and 0.01 were also 
accepted because of the low number of data and the characteristic of subjective sensation.  
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Table 4. Level of significance of olf-box results, calculated by Kolgomorov-Smirnov probe 
 

Measuring 
team 

Sample 
1. 

Sample 
2. 

Sample 
3. 

Sample 
4. 

Sample 
5. 

Sample 
6. 

Sample 
7. 

Sample 
8. 

VII. 0,138 0,071 0,775 0,191 0,201 0,533 0,701 0,956 

VIII. 0,241 0,18 0,206 0,027 0,598 0,28 0,229 0,52 

IX. 0,193 0,244 0,433 0,156 0,323 0,54 0,375 0,47 

X. 0,902 0,433 0,714 0,22 0,302 0,068 0,865 0,73 

XI. 0,879 0,409 0,376 0,094 0,25 0,113 0,255 0,864 
 

 5.1.3. One-sample t-test for measurements’ results  

 
Further analysis of olf-box measurements were performed by t-test, with the help of SPSS 

15.0 software. If level of significance increases over 0.1, fitting can be considered acceptable. 
Moreover it is inadequate below 0.01. 

Based on assessment it can be established that from the 40 measuring sessions 16 tests were 
not accurate, 7 tests were just acceptable and 17 can be said accurate. Significance levels are 
summarized in Table 5.  

 

Table 5. Results and significance levels of one-sample t-test 
Measuring 

team 
Sample 

1. 
Sample 

2. 
Sample 

3. 
Sample 

4. 
Sample 

5. 
Sample 

6. 
Sample 

7. 
Sample 

8. 
VII. 0,046 0 0 0 0 0,149 0,501 0,594 
VIII. 0,919 0 0,006 0 0 0,518 0,534 0,301 
IX. 0,720 0 0,404 0 0,028 0,926 0,085 0,027 
X. 0,833 0,001 0 0,002 0 0,075 0,459 0,082 
XI. 0,931 0,761 0,154 0,970 0,009 0,002 0,163 0,025 

 

 5.1.4. Effect of number of subjects on measuring accuracy 

 
It was estimated how measuring accuracy is changed, if measurements are carried out by 

fewer but more successful subjects. A measurement is considered accurate if one-sample t-test is 
significantly adequate, i.e. average approximates to the test value.  The “successful” subjects 
were chosen according to the following steps. Distance between points of the 8 etalon values and 
subjects’ judges was evaluated using three metric systems, i.e. Euclides, City-block and Csebisev 
metric. Subjects were classified based on the lowest sums of rank-number.  After that it was 
checked how would be changed the accuracy of t-tests, if measuring were carried out by the best 
10 or 20 subjects. Assessments were established with the help of SPSS 15.0 software.  

Based on the results, a panel of 10, the most sensitive subjects, choosing from 40 naive panel 
participants at least, reached the full-group accuracy level. 

It was demonstrated in a diagram as well, how the number of participants, classified 
according to the rank-number, affects the measuring mean value.  

The horizontal axis presents the number of subjects; the vertical axis presents the relevant 
average.  Two measurements are presented as examples in Figures 5. 
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Figure 5. Effect of number of subjects on measuring mean value 

 

 5.1.5. Effect of odour intensity on results 

 

It was estimated with the help of diagrams graphically, whether air quality etalons were over 
or under estimated by subjects. Generally diagrams showed, that overestimation occurred at low 
rates, additionally accuracy was decreasing by rising intensity. The changing of the mean values 
as a function of etalon values can be seen in Figure 6. 
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Figure 6. The changing of the mean as a function of etalon values 
 

Summarized results of the five measuring teams are presented in Figure 7. Summarized 
absolute error of 208 subjects was calculated for eight examined acetone sources. Each point was 
presented on a diagram as a function of effective value. Regression line of points was also 
determined. Coefficient of determination (R2) is between 0,6 and 0,7 in studies with live 
subjects, thus 0,6529 can be accepted in olf-box tests.  
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Figure 7. Summarized absolute errors of five measuring teams as a function of effective 

values 
 

Legend: 
-first marked number: effective etalon 
value  
- second marked number: sum of 
absolute errors  
- third marked number: standard 
deviation  

3,77; 2,98; 4,53 

6,32; 2,81; 5,60 

13,15;1,65; 4,90 

12,00;-0,05; 6,57 

12,78;-0,37; 7,27 

8,81;-1,03; 6,77 

21,50;-6,54; 8,20 

25,0;-2,57; 9,98 
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5.2. Results of interior design material measurements  
 

The sensory strength of pollution sources of interior design materials judged by the five 
measuring teams are summarized in Table 6.  Environmental parameters of emission tests were: 

air temperature 20°C, humidity 40-50%, supplied fresh airflow V fresh=1560 m3/h. Velocity of 
surface air movements was quite low, 0,007 m/s. 
 

Table 6. The sensory strength of pollution sources of interior design materials judged by 
the five measuring teams  

Number 

 

Material 

Pollution 
source 

Pollution 
source 

Pollution 
source 

Measuring 
team 

G, olf/m2 
95% lower 

limit of conf. 
range  

95% upper 
limit of conf. 

range 

    G, olf/m2 G, olf/m2 

1 VII fitted carpet red „Orion” 5 mm thick 0,61 0,28 1,24 

2 VII fitted carpet „Rome” 3 mm thick 1,79 0,88 3,14 

3 VII fitted carpet beige „Viper” 5 mm thick 0,23 0,08 0,57 

4 VII felt black „New Orleans” 0,39 0,12 1,11 

5 VIII fitted carpet, felt back, 5 mm thick 5,46 4,31 6,34 

6 VIII 
 fitted carpet „Rambo” juta back, 100% PP, 3 

mm thick 
4,42 3,14 5,55 

7 VIII felt „Jupiter” 100% PP. 2,80 1,38 4,53 

8 VIII carpet „Lugano” 100% PP, 12 mm thick 2,37 1,04 4,19 

9 IX carpet „Multi color” 100% cotton  0,65 0,30 1,31 

10 IX 
fitted carpet beige „Sound scroll”, juta back+ 

felt  
0,34 0,11 0,93 

11 IX carpet, „Napoli” 0,39 0,19 0,78 

12 X carpet, „Westa”, 3 mm thick  0,23 0,09 0,54 

13 X fitted carpet, felt back, 5 mm thick 3,26 1,79 4,86 

14 XI 
fitted carpet „Dublin Twist” VLIES back 4 

mm thick 
2,07 1,11 3,38 

15 VII furniture panel  18 mm thick 1,11 0,54 2,07 

16 VII laminated panel  18 mm thick 0,14 0,04 0,39 

17 VIII laminated floor 6 mm thick 0,25 0,11 0,51 

18 VIII laminated panel 18 mm thick 0,26 0,11 0,57 

19 VIII plywood 12 mm thick 2,80 1,38 4,53 

20 VIII furniture panel 18 mm thick 1,17 0,47 2,48 

21 IX natural cork, lacquered 4 mm thick  0,51 0,20 1,17 

22 IX laminated floor 6 mm thick exempt from glue 0,13 0,04 0,32 

23 IX natural cork, waxed 4 mm thick. 2,69 1,24 4,53 

24 X 
natural pinewood panelling painted with, 

„Polifarbe mahagóni” 
0,28 0,14 0,54 

25 X laminated panel 18 mm thick.  0,37 0,18 0,73 

26 X 
natural pinewood panelling painted with, 

„Xyladecor dió” 
8,23 7,88 8,47 
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Number 

 

Material 

Pollution 
source 

Pollution 
source 

Pollution 
source 

Measuring 
team 

G, olf/m2 
95% lower 

limit of conf. 
range 

95% upper 
limit of conf. 

range 

    G, olf/m2 G, olf/m2 

27 X furniture panel 18 mm thick  4,31 3,03 5,46 

28 X 
natural pinewood panelling painted with, 

„Xyladecor fenyőzöld” 
4,13 2,48 5,79 

29 XI 
natural pinewood panelling painted with, 

„Polifarbe mahagóni” in 2007. spring  
0,34 0,16 0,70 

30 XI natural cork, waxed 4 mm thick  0,51 0,20 1,17 

31 XI laminated panel 18 mm thick  0,16 0,06 0,39 

32 XI 
natural pinewood panelling painted with, 

„Xyladecor dió” in 2007. spring 
2,71 1,19 4,79 

33 XI natural cork, lacquered 4 mm thick 3,38 1,97 4,86 

34 XI 
natural pinewood panelling painted with,, 

„Xyladecor fenyőzöld” in 2007. spring 
2,15 0,89 4,13 

35 VII PVC floor „Acapulco” 1,3 mm thick 0,44 0,15 1,17 

36 VII tarket floor 5 mm thick 0,15 0,04 0,44 

37 X self-adhesive PVC floor 0,74 0,27 1,86 

38 XI PVC floor „Dynamic Csempe” 1,3 mm thick 2,48 1,17 4,19 

39 IX curtain, orange 100% cotton  0,32 0,11 0,83 

40 IX curtain, red 100% polystyrene 2,48 0,99 4,53 

 
 

 5.2.1. Evaluation of Hedonic scale votes 

Team votes for Hedonic scale were evaluated graphically in forms of histograms. 
Afterwards, average of votes  

Five measuring teams judged 8-8 pieces of different samples using Hedonic and Fanger 
scales. Average of the votes was co-evaluated. Grades of Fanger scale match up to Hedonic scale 
according to the following coding: +1 as “pleasant”, and -1 as “intolerable”. In this way it is 
possible to compare the votes for the graded and ungraded scales with each other. Based on 
evaluation it can be state that votes for the two scales did not correspond just two times in the 
course of 40 independent assessments. In these cases subjects judged the examined sample worst 
with one grade on the Hedonic scale, in comparison with the non-graded questionnaire. 
Summarized average votes for Hedonic and Fanger scales given by the five measuring teams, 
which judged 8-8 pieces of different samples can be seen in Figure 8.  
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Figure 8. Comparison of the five measuring teams’ votes for Hedonic and Fanger scales  
 

 5.2.2. The homogeneity of the measurements 

 
Homogeneity analysis of results of interior design materials’ emission assessments was 

performed by Friedman probe, with the help of SPSS 15.0 software. It was established that null-
hypothesis regarding homogeneity of the samples should be dismissed in the case of all the 
measurement series (asymptotic significance was 0,000), i.e. votes for each building material 
were different in their entirety, subjects judged the samples not similar. Which samples are 
different significantly was checked with paired Wilcoxon tests.  
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 5.2.3. Goodness-of-fit tests of normal distribution 

 
Normality analyses of the samples’ measurement results were carried out as well, generating 

distribution functions, PP-functions and box-plots, with the help of SPSS 15.0 software. In the 
course of graphical evaluation samples fitted to the normal distribution properly. Graphical 
evaluation of one sample can be seen in Figure 9.  

  

 
Figure 9. Goodness-of-fit test of normal distribution 

2nd sample measuring group IX. (43 persons) April of 2006. 
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6. NEW SCIENTIFIC RESULTS 
 
 Based on results of researches I defined following theses. 
 
 

6.1. I look into references to perceived indoor air quality examination approaches that 
applied in international practice. I worked out a new method, which can be used in 
home and international practice as well. Furthermore I built up the measuring 
state, including air quality etalons.  

Based on my researches, I made the following statement as a new scientific 
outcome. In our country, under the Hungarian circumstances, the results of 
laboratory examinations olf-box with acetone sources fit well the normal 
distribution function, as regards subjective human sense of smell.  

In my study 8 different acetone sources were used, under 5 measuring process with 
208 participants. Normality analyses were carried out by Kolmogorov- Szmirnov tests. I 
checked the significance levels at 5 unattached measuring series combined with 8 
acetone sources. In this way it was possible to create 40 independent databases. The 
significance level of the Kolmogorov- Szmirnov tests was higher than 0,027 in each 
cases, however in 36 cases it was increasing even above 0,1. 

 
The publications for the thesis: [P1, P2, P3, P4, P5, P6] 

 
 
 
6.2. Regarding accuracy, I evaluated judges of members of the 5 independent teams 

considering mathematical criterion systems (Euclid-, City-block- and Csebisev-
metrics). I analyzed the results of the best 10, 20, 32 and the full group separately. 
Assessments were carried out with acetone sources.  

It was confirmed, that a panel of 10, the most sensitive subjects, choosing from 
40 naive panel participants at least, reached the full-group accuracy level. In the 
comparison, the rate of accepted tests was 95%, considering significance level 0,01. 
At 0.1 the rate was 60%. 

 
Based on results of yearly organized unattached studies with 5 different panels 

(including 33-45 participants), it can be state, that the best panels of 10, 20 and 32 
persons were appropriate at significance level 0,1, moreover at 60%, 52,5%, and 32,5% 
as regards t-test. 

 
The publications for the thesis: [P3] 
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6.3. Based on the results of my studies, I determined with mathematical statistic 

methods that the air quality etalon below odour intensity of 12 decipol is over 
estimated, above 12 decipol is under estimated by test persons. Difference can be 
approached with linear regression:  

 
       y=-0,3499x+4,1345 (R2=0,6529) 
 

The publications for the thesis: [P2, P3] 
 
 

6.4. Based on results of laboratory studies involving acetone sources, I developed an 
examination method considering Hungarian circumstances in order to determinate 
sensory pollution loads of interior design materials using olf-decipol units. This 
method is building on the unique laboratory measuring state, approaching and 
evaluating process, combined mathematical statistical error analysis.   

With 5 independent measuring teams, grouped 208 participants, I evaluated 40 sorts 
of interior design materials. Based on results, input data are provided for design, 
corresponding 95% confidence level, regarding materials used in Hungarian practice.  
My research’s outcomes are valid under at given circumstances of measurements.   

 
The publications for the thesis: [P1, P2, P3, P4, P5, P6, P7] 

 
 

6.5. In the course of laboratory examinations of interior design materials’ emission, I 
established that results – regarding Hungarian building materials – approach 
normal distribution, according to plot tests (P-P plot for normal distribution, box-
plot, and distribution function). 

 
The publications for the thesis: [P2, P3] 
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7.  BENEFITS OF THE RESULTS, FURTHER RESEARCH 
OPORTUNITIES: 

 
- Developed measuring method helps to evaluate emission from optional interior design 

materials.  
- Emission data can be used as input to design process. 
- Developed research method makes it possible to determinate dependence of sense of 

odours for other materials as well.  
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