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Abstract: The presented study intends to demonstrate experimental protocol of indoor air quality measurements in diverse living environments, how they relate with the 
existing living conditions and affect future design of ambient assisted living systems. By addressing this specific issue, this study tends to reinforce the awareness about the 
issues related to the indoor air quality in the ambient assisted living field of research. The proposed experimental protocol includes an overview of the aspects, such as space 
size, ventilation, heating cleaning and immediate outdoor air quality, that need to be measured in the living environment in order to gain insight into the changes of indoor air 
quality through a comprehensive information dataset. The proposed experimental protocol describes the procedures for preparing the experiment, as well as collecting and 
analyzing data. Mentioned independent variables related to the living environment conditions and dependent variables that include temperature, humidity, carbon dioxide 
(CO2), volatile organic chemicals (VOCs), PM2.5 (atmospheric particulate matter smaller than 2.5 microns) and PM10 (atmospheric particulate matter smaller than 10 
microns) are defined, as is statistical analysis that should examine interdependencies. 
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1 INTRODUCTION 
 

Ambient Assisted Living (AAL) is a very broad sub-
area of Intelligent Buildings. It uses information and 
communication technologies in the automation of certain 
processes within the residential environments with the aim 
to provide assistance to the users in their everyday life. 
This specific category covers different types of users, but 
primarily refers to people who spend more time indoors, 
and therefore for this study, the population of elderly 
people presents the target group [1]. The aim is to enable 
users to remain healthy and comfortable for as long as 
possible through environmental and behavioral monitoring 
systems, providing the necessary care and detecting early 
signs of certain life-threatening conditions or situations. 
This technology includes systems integrated into the 
environment as well as mobile systems that users carry 
with them [2]. The amount and complexity of user 
requirements in this field is considerable and a 
commitment to creating efficient and reliable systems is 
essential. It is also important to note that developments in 
this field over the past decade have been significant [3], 
where user awareness of these systems has been enhanced. 
Users no longer see such systems as help related to their 
incapability of taking care of themselves, but as a reflection 
of the general awareness and benefits of using technology 
to improve quality of life [4]. 

An important part of AAL field are the systems for 
measuring indoor air quality (IAQ) [5] which have recently 
become even more relevant. Their main role is reflected in 
the timely and accurate measurement of data [6] that will 
inform other AAL systems such as Heating, Ventilation 
and Air Conditioning (HVAC) systems, security systems 
and notification systems (i.e. for healthcare actions). Many 
studies indicate the influence of IAQ on various health and 
cognitive parameters in humans [7, 8]. As the elderly are a 
specific category where particular attention should be paid 
to these aspects of life, the importance of monitoring the 
IAQ status is increased [9]. Respiratory problems are one 
of the first consequences of poor air conditions, and due to 
reduced movement of the target group and longer stay in 
the indoor environment [10], it is evident that this problem 

requires special attention. Also, studies show that the air 
quality that people breathe is directly related to their 
physical [11] and mental states [12]. 

Research into indoor air quality has begun as a 
consequence of increasing interest into outdoor air quality 
and the results that these studies have produced [13]. 
Research has suggested that indoor air is much more 
polluted than outdoor air [14]. The differences that 
occurred in differently urbanized (inhabited) settlements 
led to the conclusion that the quality of the air in the 
buildings, as well as in their immediate surroundings, 
needs to be examined more closely in order to discover the 
causes behind the possible differences [15]. Further studies 
have shown that indoor air quality plays a large role in the 
quality of life [16] as well as in causing certain undesirable 
conditions and diseases [17, 18], which motivated this 
study to create an experimental design that would allow the 
collection of adequate data to inform design practice in the 
AAL domain. However, challenges in IAQ research exist 
and they are reflected in new kinds of pollutants (both in 
outdoor and indoor environments) and different lifestyles 
[24]. Further challenges of IAQ measurements with elderly 
are related to their cognitive states and the issues that may 
arise from cognitive disabilities [20]. Equipment issues 
present another challenge of the IAQ research [25]. High 
quality equipment will reduce the possibility of noise 
appearance and disconnection of devices, which presents a 
relevant asset when equipment cannot be monitored 
throughout the whole experiment. Contribution to the 
already vast field of research would be in obtaining and 
structuring information related to connection between IAQ 
parameters and living environment conditions of elderly 
people. 

Experimental design is a powerful methodology for 
establishing cause-and effect relationships between 
variables [25]. Study explains [26] how experimental 
design uses statistical analysis to determine relationships 
between explanatory (independent) variables and outcome 
(dependent) variables. Therefore, experimental design 
presents an approach suitable for understanding the 
relationship between IAQ and living conditions of the 
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elderly, which is why it is used in creating experimental 
setup presented in this study. 

This study focuses on investigating the differences in 
indoor air quality in different housing units where elderly 
people live. As they are users who spend more time 
indoors, the impact of indoor air quality on their physical 
and mental health is greater. Recent research shows 
possible correlations between various aspects of living 
conditions, such as cleaning methods [19], ventilation 
systems [20] and type of heating [21] to be influential on 
the quality of the air inside living environments. Therefore, 
it is clear that the long-term exposure to faulty cleaning, 
ventilation or heating habits could lead to the serious 
degradation of user's health. Investigation of these 
occurrences has been present in the AAL research field 
[22], and provided substantial proof that there are certain 
dependencies, but further research has to be 
comprehensive in order to provide clearer answers about 
the causes of problems. Furthermore, besides examining 
these issues with the objective of removing potential 
hazards from living environments, there is a necessity for 
durable guidelines in terms of AAL systems design. 

The aim of this study is to analyze the dependence 
between indoor air quality and different indoor conditions 
and contribute to the expansion of knowledge in the field 
of AAL by discussing potential implications that should be 
considered. This paper presents the first part of the study, 
where detailed experimental design has been created. 
Health aspects of users will be recorded only 
informatively, but not analyzed in more detail within this 
study. Environmental factors such as outdoor air quality in 
the immediate environment, the type of ventilation system, 
the total floor area, the total window area, the type of 
heating system and the type of cleaning products will be 
treated as the independent variables in the design of the 
experiment. Parameters of outdoor air quality that will be 
measured are Carbon Monoxide (CO), Nitrogen Dioxide 
NO2, Ozone O3 1 - hour avg, Ozone O3 8 - hour avg, PM 
10 (atmospheric particulate matter than 10 microns), PM 
2.5 (atmospheric particulate matter smaller than 2.5 
microns) and Sulfur Dioxide SO2. They will also be treated 
as independent variables and will be related to each 
considered living environment. It is important to mention 
that VOCs are numerous and this study focuses on the ones 
containing carbon-containing organic chemicals present in 
indoor air, which come from a large number of indoor 
sources including building materials, furnishings, 
consumer products, tobacco smoking, people and their 
activities, and indoor chemical reactions. 

These environmental factors have shown to have 
significant influence on the indoor air quality. Dependent 
variables, which are expected to show differences in indoor 
air quality between independent variables, will include 
temperature, humidity, carbon dioxide (CO2), volatile 
organic chemicals (VOCs), PM2.5 (atmospheric 
particulate matter smaller than 2.5 microns) and PM10 
(atmospheric particulate matter smaller than 10 microns) 
as parameters of indoor air quality. By analyzing 
mentioned dependencies, we will address the following 
research question: 
● RQ: What type of experimental setting is needed 
to comprehensively obtain and structure the information 

related to indoor air quality with the aim to improve the 
AAL design? 

This study aims to answer the research question by 
presenting the concept of experimental design that 
integrates qualitative and quantitative analysis of indoor air 
quality data. The study relates the indoor air quality data to 
the characteristics of the living environment and generates 
novel insight into this aspect of AAL research. The 
experimental design concept presented here contributes by 
providing a structured data acquisition methodology that 
would generate a comprehensive dataset for informed 
decision making in the design process of AAL systems in 
assisted living environments. 
 
2 METHOD 
2.1 Overview 
 

Proposed experimental design (Fig. 1) is based on the 
findings and conclusions from previous research, as listed 
above. Indoor air quality greatly contributes to the various 
aspects of quality of life and should be included as an 
important factor in the design and operation of the AAL 
systems. The measurements of indoor air quality 
parameters and the factors affecting it are a complex 
process and the introduction of this process into the design 
flow and operation of AAL systems must be well 
structured. The proposed experimental design should test 
the setup, where the experimental output parameters 
should have an adequate format and a wealth of 
information. Proposed experimental design is tested with 
open IAQ dataset [23] and simulated values for living 
environment characteristics. The presented values are 
informative and they do not provide realistic measurements 
taken. Their main role in this paper is to demonstrate the 
process of examining the relations between living 
environment conditions and indoor air quality. They 
should demonstrate how to include data into analysis and 
comprehensively analyze all parameters. Following 
paragraphs provide a detailed explanation on how data 
would be gathered in a real setting and the results present 
the main concept of data analysis with the mentioned data 
taken from the open source. 
 
2.2 Participants 
 

Participants in the experiment would be persons over 
65 years of age, from different living situations (living 
alone, living in a couple, living with family) and from 
different living environment conditions. Each housing unit 
considered in this study provides only one participant in the 
experiment. Participation in the experiment is voluntary. 
Participants with cognitive disabilities where qualitative 
data cannot be collected (and there is no caretaker to 
provide it) will not be included in the experiment. 
 
2.3 Measurements and Materials 
 

All measurements are carried out in the living quarters 
of the experiment participants. Experimental design 
involves the use of sensors, questionnaires, interviews and 
observation as a means of gathering information. Used 
materials are part of the experimental design developed in 



Milica VUJOVIĆ et al.: Experimental Protocol for Assessing the Relation Between Indoor Air Quality and Living Unit Conditions in AAL 

538                                                                                                                                                                                                            Technical Gazette 29, 2(2022), 536-541 

this study and they are supported by previously mentioned 
literature. 
 

 
Figure 1 Experimental protocol flowchart 

 
The IAQ sensor is placed in the room where the 

participant spends the most of his/her time during the day 
(If there are more rooms, the measurement is repeated for 
each of them. Time is not divided by the number of rooms). 
The measurement takes 7 days. Observations and surveys 
are taken right before and just after the experiment where 
independent variables are collected. Tab. 1 shows how 
each of the variables is measured, where the independent 
variables are combined to be measured by a sensor for 
measuring indoor air quality. Independent variables were 
obtained through questionnaires, interviews and 
observation. Questions related to the types of heating and 
ventilation, as well as questions about the areas of floor and 
windows are open-ended so that the participant or the 
interviewer can enter the information. In cases where 
participants cannot provide information on the area, 
researchers will conduct the measurement. Two options 
(entering or measuring the values) are left for participants 
to decide, as her/his own decision is related to privacy 
concerns. Questions related to the frequency and duration 
of actions are structured in a way that the collected data can 
be quantified and later compared with quantitative 
measurements. This means that the time unit for expressing 
the frequency of ventilation will be "per day" and 
frequency of cleaning and heating will be "per week". 
 

 
Table 1 Independent and dependent variables 

Independent variables  
Outdoor air quality in the immediate environment Outdoor air quality sensors 
Type of ventilation system (window, duct) Survey + observation (checklist) + interview 
Type of heating system (electrical, central, wood) 
Total room area 
Total window area 
Type of cleaning products 
Frequency of ventilation 
Duration of ventilation per occurrence 
Frequency of cleaning 
Duration of cleaning per occurrence 
Frequency of heating 
Duration of heating per occurrence 
Dependent variables 
Temperature Indoor air quality sensor 
Humidity 
Carbon dioxide (CO2) 
Volatile organic chemicals (VOCs) 
PM2.5 (atmospheric particulate matter smaller than 2.5 microns) 

 
Table 2 Survey that collects the information on the living conditions 

Usage and characteristics of living environment-survey 
1. What is the area of the room you spend most of your day? 
2. What is the total area of the windows in your apartment? 
3. What is the area of the windows in the room where you spend most of your day? 

4. 
Which type of ventilation do you use in your house (opening the windows, non-automatic ventilation ducts, automatic ventilation ducts etc.)? 
Please write your answer and elaborate if necessary. 

5. 
Which type of heating system is used in your house (electrical heating, central heating etc.)? Please write your answer and elaborate if 
necessary. 

6. Which cleaning product do you use in your house? Please write your answer and elaborate if necessary. 
7. For how long you ventilate the space during the day in winter months (if the frequency is lower, it can be expressed in "times per week")? 
8. For how long do you heat the space during the day in winter months (if the frequency is lower, it can be expressed in "times per week")? 
9. For how long do you clean the space during the day in winter months (if the frequency is lower, it can be expressed in "times per week")? 

Tab. 2 shows the survey that would collect the 
information on the living conditions for each participant of 
the experiment and provide dependent variable data. 
Answers to the question will be post-processed in a way to 
obtain string or numerical values suitable for the statistical 

analysis software. Therefore, the required areas will be 
numerical values. Types of heating system, ventilation and 
cleaning products will be one-word instances. Duration of 
ventilating, heating and cleaning will be expressed in time 
units per day, except in cases where the action is less 
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frequent when it can be expressed in units of time per week. 
All qualitative data that cannot be expressed in numerical 
values will be quantified either by Likert scale application 
or by categorization of the answers and assigning category 
numbers to each answer. Due to the limited size of the 
paper, detailed data processing protocol is excluded. As a 
contingency plan for data loss, several actions are 
considered. Both Data measured with sensors and 
qualitative data will be checked immediately after the 
recording and backed up at the same time. If some data is 
missing, the recording will be repeated, and time assigned 
for that will be included in the experiment session. 
 
2.4 Analysis 
 

The quantitative and qualitative data collected during 
the experiment will be analyzed using two analysis 
methods-mean comparison and multivariate analysis of 
variance (MANOVA). Air quantitative data, comparison 

of mean values for each dependent variable should indicate 
which living environment condition produces better indoor 
air quality parameters. This simple analysis should only 
imply clues for the deeper examination of the causes of 
pollution. Multivariate analysis of variance (MANOVA) 
considers several dependent variables by testing the 
difference in two or more vectors of means which provides 
deeper insight compared to means comparison. In other 
words, we are testing the hypotheses regarding the effect 
of one or more independent variables on two or more 
dependent variables. Null hypothesis here would be to 
claim that indoor air quality parameters (expressed through 
dependent variables) are not affected by living conditions 
(independent variables) and we will see if the null 
hypothesis will be rejected. Results from qualitative 
analysis will later be triangulated with results from 
quantitative analysis in order to provide deeper insight into 
the obtained findings. 

 
Table 3 Presentation of prospective results with the aim of explaining the experimental protocol 

Living environment conditions 
subject 1 2 3 4 5 6 

room area 10 12 11 22 25 30 
window area 2 3 1.3 3 2 1.3 

heating method electricity central central electricity wood central 
cleaning product A B A A A B 
time (ventilation) 3 5 1 2 1 3 

time (heating) 10 8 7 8 10 8 
time (cleaning) 1 0.5 1 2 1 0.5 

Outdoor air quality 
CO 0.62 0.55 0.48 0.70 0.62 0.58 
NO2 42.68 29.73 22.00 28.42 31.43 23.69 

O3_1H 119.56 102.86 38.96 73.58 76.64 83.31 
O3_8H 119.32 110.36 41.83 69.67 73.14 83.31 
pm10 56.09 35.65 11.26 38.92 47.86 42.15 
pm25 47.50 26.18 7.17 23.83 21.50 23.31 
SO2 11.04 9.27 8.00 10.46 12.00 9.54 

Indoor air quality 
CO2 1184.88 1099.06 1162.87 659.86 1200.67 872.44 

humidity 58.13 43.36 42.15 41.40 41.10 39.36 
pm10 6.29 6.77 5.19 32.58 6.08 19.52 
pm25 5.77 6.26 4.79 30.75 5.30 18.03 

temperature 25.66 22.60 24.61 20.72 24.95 25.11 
VOCs 0.07 0.06 0.07 0.09 0.08 0.12 

 

 
Figure 2 Visual presentation of MANOVA analysis presented only on selected parameters due to the visual clarity 
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3 RESULTS FROM THE SIMULATION 
 
Presented data (Tab. 3) only simulates the results with the 
aim to illustrate the procedure, where the IAQ data displays 
differences between conditions of living environment and 
outdoor air quality. Mean values can indicate certain 
dependencies and provide general conclusions about the 
influences of various living conditions. In the presented 
example, IAQ for two living environments displayed 
higher levels of unwanted elements, which could imply 
that the combination of conditions could cause the 
pollution. Together with outdoor air quality, the 
information can be triangulated and input for the AAL 
system could be generated. Namely, findings from the 
obtained analysis can be used for creating the AAL system 
working protocol. Definition of this protocol is not within 
the scope of this paper. However, this paper proposes steps 
if more detailed analysis could be required, depending on 
the needs of the future studies in AAL systems. Therefore, 
the MANOVA analysis is adopted, that provides more 
detailed insight and Fig. 2 illustrates the conceptual 
application of it. 
 
4 DISCUSSION AND LIMITATIONS 
 

Presented paper addresses the research question: What 
type of experimental setting is needed to comprehensively 
obtain and structure the information related to indoor air 
quality with the aim to improve the AAL design? The 
experimental protocol elaborated here introduces a 
structured approach to comprehensively detecting the 
relationship between certain indoor air quality parameters 
and indoor environmental factors for the specific context 
(living space of elderly people). The presented method is 
modular, which means it can be expanded with additional 
variables, depending on the need for the output of the 
individual research case. However, this study purposefully 
focuses on the limited variety of data aiming at creating 
feasible protocol that can later be expanded. The 
experimental protocol also aims to provide data that would 
address the insufficient correlation between the actual state 
of the living environments and the AAL systems used and 
overcome this issue by optimizing the operation of AAL 
systems. This paper does not discuss the specifics of AAL 
benefits that could be obtained from the results of this 
experimental protocol, due to the focus on the experimental 
protocol itself. Specific benefits will be the subject of the 
future work. Therefore, the paper focuses on the 
comprehensiveness of the methodology to obtain and 
structure the available information on the indoor air 
quality. 

The methodology has certain limitations. Because of 
the specific characteristics of the target group, it is difficult 
to obtain high number of participants. Also, it should be 
taken into account that there are additional parameters that 
can influence but are difficult to measure. It is difficult to 
group categories of users so that anyone can be treated as a 
case study rather than a user study, which allows validity 
to be conducted with a small number of participants. 
 
 
 
 

5 CONCLUSION AND FUTURE WORK 
 

Proposed experimental protocol provides grounding 
for conducting analysis of IAQ that should inform AAL 
systems. It presents the first step in the research study that 
collects various aspects in one place and addresses 
dependencies between living environment, outdoor air 
quality and indoor air quality at the same time. 

Future work considers conducting the experiments in 
a real setting by applying presented experimental protocol 
and testing real data in the statistical analysis process. In 
other words, a certain number of subjects will be included 
in the experiment and the parameters in their living space 
will be measured. In this way, the experimental protocol 
will be tested. Iterations are expected to optimize the 
protocol. The limited number of data types presented in this 
paper will potentially be augmented and adapted to each 
new context where the experimental protocol is applied. 
However, any complication of the experiment should be 
feasible, due to the established robust 
methodology.Findings should provide initial guidelines for 
the design practice of AAL. 
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