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Abstract: Indoor air quality (IAQ) plays an important role in human health as people spend the 
majority of their time indoors. A self-reporting application was developed to collect long-term 
perceived IAQ data and symptoms caused by poor IAQ immediately at the onset of symptoms. The 
feasibility of the application was tested in a real-world environment by four teachers in two school 
buildings for 18 weeks. The participants received two questionnaire notifications per day to answer 
IAQ, symptoms, productivity, stress, sleep, and pupil concentration/restlessness related questions. 
They were also able to report those issues any other time. During the pilot, the participants 
answered 569 questionnaires in the application. They found the application to be usable and useful, 
however, the frequency of questionnaire notifications became heavy, because the perceived IAQ did 
not change much. The feasibility study showed the potential of the self-reporting application to 
capture perceived IAQ and symptoms, promptly enabling fast reaction to possible problems in IAQ. 
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1. Introduction 

The World Health Organization (WHO) has recognized various problems in indoor air quality 
(IAQ) as major risk factors for human health [1]. Knowing the fact that people spend most of their 
time indoors (ca. 90%) and children spend a large portion of it at school, indoor environments should 
support health and promote learning [1,2]. However, quite often, the indoor environments are  
not optimal. 

Poor IAQ is shown to be associated with several adverse health effects, such as allergic reactions, 
asthma, or neurological symptoms [3]. The likelihood of the effects caused by the contaminants in the 
air depends on the individual’s sensitivity, contaminant concentration, and the duration and 
frequency of exposure, although actual exposures are often difficult to quantify [4]. In addition, the 
current state of the individual’s psychological and physical health affect the response to poor IAQ. 
Sick-building syndrome (SBS) is a term that refers to non-specific symptoms, which people complain 
about while spending time in a particular building. The symptoms include, for example, upper-
respiratory irritation symptoms, headaches, fatigue, and rash [5]. Adequate ventilation with outdoor 
air can remove pollutants in the indoor air, and higher ventilation rates in offices have been shown 
to be associated with reduced prevalence of SBS symptoms and sick leave [6]. Thermal conditions 
and IAQ have also been found to affect the productivity and performance of pupils [7]. Previous 
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studies have shown that increased ventilation rates in schools are associated with improved test 
performance among school children [8–10]. 

IAQ can be assessed either by real time monitors utilizing sensor technology or by samples 
analyzed in a laboratory, but both methods have some drawbacks. Despite recent improvements in 
sensor technology, it is possible to measure only a limited number of compounds and not complex 
mixtures of pollutants with low-cost sensors [11], but machine learning methods may detect 
characterizing variance in redundant sensor data to identify multiple pollutants more precisely [12]. 
In addition, IAQ sensor equipment requires regular calibration and other maintenance activities. 
Laboratory analysis can provide information on the total exposure level of a certain pollutant, but the 
analysis takes time and is not cost-efficient. Thus, human perception is still a considerable method to 
assess IAQ [13]. 

Perceived IAQ is typically assessed retrospectively by questionnaires over the past 1 to 12 months. 
In the work of [14], a more real-time inquiry of perceived IAQ factors was pursued by developing an 
online questionnaire to asses IAQ and symptoms once per hour by teachers and pupils at school. 
They tested the usability of the questionnaire in six schools, receiving answers from 105 teachers and 
1268 pupils (aged 11–15 years) over the two-week study period. They received a total of 719 answers 
from the teachers and 6322 answers from the pupils. The respondents were asked to fill in the 
questionnaire after each lesson in specific classrooms. The questionnaire was delivered as an email 
link or through a school online communication channel. However, opening the questionnaire link 
proved to lead to technical problems and 5%–40% of answers were received via traditional  
paper format. 

So far, there has not been an easy-to-use tool to capture perceived IAQ in real time as 
experienced by the facility users, and thus an IAQ self-reporting application for mobile phone was 
developed. The aim of this study was to evaluate the feasibility of the application for long-term use 
in the real-world environment. Four teachers in two school buildings tested the application for  
18 weeks as part of a larger IAQ pilot and evaluated its usability, usefulness, and user satisfaction. 
This paper introduces the features of the developed self-reporting application and presents the 
questionnaires compiled for collecting perceived IAQ, symptoms, productivity, stress, sleep, and 
pupil concentration/restlessness data via the application. This paper also presents initial analyses of 
the IAQ data collected via the application. 

2. Materials and Methods 

2.1. Self-Reporting Application 

An Android self-reporting application was developed to collect perceived IAQ and possible 
health symptoms. The application facilitates the collection of data via time-triggered questionnaires 
and user-triggered reports. The first login on the application is done with a user specific personal 
identification number (PIN) code. The user’s answers are tagged with a pseudo-anonymization code 
that the application gets during the first login. Figure 1 illustrates the user interface of the application.  

The structure of both data entry methods—questionnaires and reports—can be tailored to suit a 
variety of purposes. Both methods support conditional sections, that is, the structure and content of 
the forms may change based on the user’s prior answers on the same report or questionnaire. Also, 
it enables clarifying the choice made with conditionally appearing fields (either open text or 
checkboxes). The client application buffers the filled questionnaires or reports in case a server 
connection is unavailable. 

The application utilizes Android notifications to remind the user of when she/he has to answer 
a scheduled questionnaire. The active time (both the start time and duration) for the questionnaire is 
individually configurable. If the user misses the active time window, the questionnaire is no longer 
available for that day, and it is marked as unanswered in the user interface. Scheduled questionnaires 
are activated on specific weekdays only, whereas spontaneous reports can be filled in by the user at 
all times. At the end of the questionnaire or report, the user provides his/her location, for example, 
“Room A123”. There are no predefined locations, but each new location the user enters manually 
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becomes available for that user in a drop-down list. Room codes are pseudo-anonymized via data 
encryption standard (DES). 

  

Figure 1. Screenshots from the self-reporting application. 

The application user interface texts, data entry forms, and questionnaire schedules (referred to 
as “assets”) are fetched from an application server that also receives and stores the user’s answers. 
By default, the application queries the server for new or changed assets once at login and then every 
night, making it possible to fine-tune the questionnaires even during the survey. The application 
server gets the assets from a Google Sheets document, which is also where the survey organizer 
specifies the user PIN/pseudonym pairs, as well as the structure and content of the assets. The assets 
can be tailored separately for each user, or the same assets can be used for multiple users. The 
application server is typically run on a virtual machine. It consists of a remote procedure call server 
(gRPC) for client communications; an Hypertext Transfer Protocol/Representational State Transfer 
(HTTP/REST) server for Google Sheets requests and service monitoring requests; and a MongoDB 
document database for storing the assets, the users’ reports, and questionnaire answers. The answers 
are stored in one document question by question. The answers pertaining to one questionnaire share 
a common timestamp. 

Answers can be monitored via the REST Application Programming Interface (API) in order to 
detect any issues as soon as possible. In the pilot, the API was protected from unauthorized access 
via Internet Protocol (IP) address whitelisting at the virtual machine firewall. Furthermore, as the 
participant and room codes are pseudonymized, the data are not as such directly associable with 
actual persons or locations, even when accessed from whitelisted IP addresses. The same API was 
also used for fetching the answers data for further analysis. The fetched data were converted to 
comma-separated records via a Python script. 

2.2. Feasibility Pilot 

The feasibility of the self-reporting application was tested as part of a larger pilot study that also 
included the following elements: (1) IAQ monitoring with environmental sensors, (2) visualization 
of sensor data for the participants, (3) physiological data collection with wearable wrist sensor,  
(4) pupils’ concentration evaluation with regular performance tests, and (5) portable indoor air 
purifiers. The participants were four teachers, referred here with letters A–D (all females, 26–59 years, 
average age of 43.5 years) in two school buildings in Finland. The buildings were within the same 
yard and each teacher was working in their own classroom. Two teachers (A and B) worked in 
building 1 and two teachers (C and D) in building 2. The four classes had 83 pupils in total  
(8–11 years, average age of 8.6 years, 39.8% girls, 60.2% boys). All classrooms had a mechanical 
ventilation system, but school personnel could not control ventilation in the classrooms. 
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The pilot lasted 18 weeks and included an installation phase and four pilot phases. At the 
beginning of the pilot, the self-reporting application was installed into each teachers’ personal work 
mobile phone and they were able to start reporting the perceived air quality and possible symptoms. 
Notifications for predefined morning and afternoon questionnaires were timed individually 
according to the school timetable. The first one was to appear when the teacher came to the school 
and the afternoon questionnaire a couple of hours before leaving the school. When teachers were not 
in the classrooms, they were not expected to answer the questionnaires, but they were able to use the 
“Report here” function whenever they wanted (see Figure 1). In addition, the teachers received a 
Polar M600 wrist device (www.polar.fi) for collecting their activity and heart rate data. They were 
not able to see these data themselves during the pilot. 

In phase 1, the classrooms were installed with an IAQ monitoring system consisting of 
commercial sensor equipment and a cloud platform. MCF-LW12CO2 was used to measure 
temperature, relative humidity, carbon dioxide (CO2), air pressure, total volatile organic compounds 
(tVOC), and ambient light sensors. Moreover, sound level was monitored with PeakTech PT8500 
devices and the number of people in the classroom was detected using Orbbec Astra 3D cameras. All 
collected data were stored in MS Azure Table storage via Message Queue Telemetry Transport 
(MQTT) interface. However, the collected sensor data were not included in the data analysis 
conducted in this paper. 

In phase 2, the teachers were provided with visualizations of the environmental sensor 
measurements via Power BI web interface. In phase 3, air purifiers (UniqAir, www.uniqair.fi) were 
brought into the classrooms (two real, two mock-ups). With a mock-up, we mean a purifier that only 
circulated the air in the classroom and did not actually purify the air. In phase 4, the air purifiers were 
cross-changed so that all classrooms had both real and mock-up air purifiers during the pilot. In 
phase 3, the air purifiers were with teachers B and C, and in phase 4, they were with teachers A and 
D. The teachers did not know that some of the purifiers were mock-ups. The self-reporting 
application was in use the entire time and this paper focuses on the evaluation of its feasibility, 
although a description of the whole pilot is given to understand the context of use. The study protocol 
was approved by VTT Technical Research Centre of Finland Ltd ethical committee and the 
participants signed an informed consent. 

2.3. Application Questionnaires 

The pilot participants reported perceived IAQ or symptoms via timed questionnaires  
(morning and afternoon questionnaires) or on-demand whenever teacher noticed something in the 
IAQ. Questions on self-reporting application were specified based on validated questionnaires  
MM-40 [15], Office Environment Survey [16], Single-item measure of stress [17], and prior IAQ 
studies [18,19]. Many standard questionnaires consider the air quality retrospectively from a period 
of several months, thus, for the application, the answer scales had to be adapted for measuring  
short-term perceptions repeatedly. Table 1. lists the questions asked in the morning questionnaire 
and Table 2. lists those in the afternoon questionnaire. 
  



Proceedings 2019, 31, 47 5 of 12 

 

Table 1. Questions in the morning questionnaire. 

Question Answer Alternatives 
(M1) How rested you felt in  
the morning? 

Very tired 
Quite 
tired 

Not rested nor 
tired 

Quite 
rested 

Very rested 

(M2) How would you estimate at 
the moment the indoor air  
quality ? * 

Very bad Bad Acceptable Good Very good 

(M3) How would you estimate at 
the moment the freshness of air? 

Extremely 
stuffy 

Stuffy Neutral Fresh 
Extremely 

fresh 
(M4) How would you estimate at 
the moment the odor intensity? 

Unbearable 
odor  

Strong 
odor 

Moderate 
odor 

Slight 
odor 

No odor  

(M5) How would you estimate at 
the moment the temperature? 

Hot Warm Neutral Cool Cold 

(M6) How would you estimate at 
the moment the air humidity? 

Extremely 
dry 

Dry Neutral Humid 
Extremely 

humid 
(M7) How would you estimate at 
the moment the noise level? 

Extremely 
noisy 

Noisy Neutral quiet 
Extremely 

quiet 
* Indoor air quality is affected by oxygen level, odors, temperature, noise, and humidity. 

Table 2. Questions in the afternoon questionnaire. 

Question Answer Alternatives 
(A1) There is positive and negative 
stress. What kind of stress you felt 
today? *  

Strong negative 
stress 

Negative 
stress 

Neutral Positive stress 
Strong 

positive stress 

(A2) How productively did you 
work today? 

Much less 
productively 
than usually  

Less 
productiv
ely than 
usually  

As usually 
More 

productively 
than usually 

Much more 
productively 
than usually  

(A3) How would you estimate at the 
moment the indoor air quality? ** 

Very bad Bad Acceptable Good Very good 

(A4) Are you bothered at the 
moment by the indoor air quality of 
your office? (Indoor air quality is 
affected by odour, temperature, air 
humidity and noise for example). 

No 
Yes (If answer = YES, questions M3–M7 from the morning 

questionnaire are repeated) 

(A5) Do you have at the moment 
indoor air quality related 
symptoms? (Symptoms can be 
headache, nausea, breathing 
problems etc.) 

No 

Yes (If answer = YES, eight follow-up questions: Do you have 
at the moment X symptoms?) Answer alternatives: not at all, 

slightly, to some extent, quite a lot, very much  
X = head/nose/throat/breathing/eye/skin/nausea/tiredness 

(A6) Which of the following actions 
did you do during the day for 
improving indoor air quality? 

Nothing, Opened a window, Opened a door, Adjusted air condition, Adjusted 
thermostat, Something else 

(A7) How would you estimate 
calmness/restlessness of the  
pupils today? 

Extremely 
restless Restless Neutral Calm 

Extremely 
calm 

(A8) How would you estimate the 
concentration of the pupils today? 

Extremely non-
concentrated 

Non-
concentrat

ed 
Neutral Concentrated Extremely 

concentrated 

* Positive stress = enthusiasm, excitement, determination, or inspiration due to a current or recent 
challenge (e.g., the feeling when you successfully solve a difficult problem). Negative stress = distress, 
nervousness, or anxiety due to the current or recent challenge (e.g., fear of failure). ** Indoor air 
quality is affected by the oxygen level, carbon dioxide level, odours, temperature, noise, and 
humidity, for example. 

In general, the morning questionnaire included items on rest/sleep and air quality  
(general evaluation and details on indoor air quality, seven items in total). The afternoon 
questionnaire was longer (including 8 to 21 items depending on the answers). The afternoon 
questionnaire included items about stress, productivity, air quality, symptoms, actions during the 
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day for improving air quality, pupil restfulness, and pupil concentration. In addition, there were text 
fields after questions (M1)–(M3), (M5)–(M7), (A1–A3), and (A6–A8), where the user was able to write 
additional details if they wanted. Questions M4 and A5 were followed with a possibility to select 
additional options describing odors or symptoms in more detail. When using the “Report here” 
function, the person could choose a specific parameter to report on, that is, air quality, symptoms, 
stress, productivity, pupil restlessness, or pupil concentration. Each questionnaire had additional 
questions on the location, time spent in that location, and number of people. 

2.4. Application User Experience 

User experience of the self-reporting application was inquired with four online questionnaires 
sent to the teachers as an email link at the end of each pilot phase. Teachers were asked about their 
satisfaction with the self-reporting application with the net promoter score (NPS) [20]. Usability of 
the application was asked with selected items from the system usability scale (SUS) [21], along with 
additional questions on perceived usefulness, intention to use, robustness, and open feedback. The 
user experience related questions are presented in Table 3. 

Table 3. User experience questions asked in phases 1–4 (marked as P1–P4). 

Question P1 P2 P3 P4 Scale 

Self-report app was robust. x x x x 
5-point 
Likert 

I thought the self-report app was easy to use. x x x x 
5-point 
Likert 

I would imagine that most people would learn to use the self-
report app very quickly. x x x x 

5-point 
Likert 

I felt very confident using the self-report app. x x x x 
5-point 
Likert 

How likely is it that you would recommend self-report app to a 
friend or colleague? x x x x 11-Point 

I think that I would like to use the self-report app frequently.    x 
5-point 
Likert 

I found the self-report app unnecessarily complex.    x 
5-point 
Likert 

I think that I would need the support of a technical person to be 
able to use the self-report app.    x 

5-point 
Likert 

I found the various functions in the self-report app were well 
integrated.    x 5-point 

Likert 

I thought there was too much inconsistency in the self-report app.    x 5-point 
Likert 

I found the self-report app very cumbersome to use.    x 5-point 
Likert 

I needed to learn a lot of things before I could get going with the 
self-report app. 

   x 5-point 
Likert 

How useful did you perceive the self-report app?    x 10-point 

I would use self-report app in the future.    x 5-point 
Likert 

Open feedback (“What did you think about the self-report app? 
What was good/bad about it?”, “Tell, what kind of thoughts or 

comments related to self-report app you have?”) 
x x x x Open 

What kind of feedback you would like to give about the usability 
of the self-report app? 

x    Open 
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3. Results 

3.1. Self-Reporting Application Answers 

The four teachers participating in the study answered 569 questionnaires during the 18-week 
pilot. The number of questionnaire notifications was 10 per week for each teacher (five days a week, 
morning and afternoon questionnaire each day). Figure 2 presents the number of answered 
questionnaires per week per teacher. On average, we got eight answers per teacher each week. The 
minimum number of answered questionnaires was 3 and the maximum number was 12 within one 
week. The numbers in Figure 2 include both answers for the timed questionnaires through 
notifications and those reported through the “Report here” functionality. 

 

Figure 2. Number of answered questionnaires per week for each teachers A–D. 

The average answers to the question on perceived IAQ during different phases of the pilot are 
presented in Figure 3a. Teachers in building 1 (A and B) seem to have given consistently lower ratings 
for the IAQ compared with teachers in building 2 (C and D). However, the average answer of teacher 
A was increased during phases 3 and 4 compared with the previous pilot phases. In phase 1, teacher 
A experienced the IAQ as bad, when the other teachers described it to be closer to acceptable or over 
the acceptable level. Seeing the visualizations of the measured air quality did not significantly affect 
perceived air quality in phase 2. In phase 3, the air purifiers were with teachers B and C. Teacher C 
reported more acceptable air quality compared with the previous phase, but teacher B did not find 
any improvement. Both teachers A and D reported improved air quality even if they had mock-up 
purifiers in their classrooms. In phase 4, teachers A and D did not report any improvement in air 
quality even if they had the real purifiers. However, teachers B and C reported a decrease in the air 
quality in their classrooms when the purifiers were changed from the real ones to mock-up purifiers. 

The average answers to question on perceived indoor air quality on different weekdays during 
the whole pilot are presented in Figure 3b. Teachers seemed to answer the question similarly, 
independent from the day of the week. 
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Figure 3. (a) Average answers for perceived indoor air quality question during different pilot phases. 
(b) Average answers for perceived indoor air quality question on different weekdays. 

The most notable difference between the two buildings was in perceived air humidity. Teachers 
in building 1 (A and B) both considered the indoor air as dry during the whole pilot, whereas teachers 
in building 2 (C and D) considered the air humidity to be neutral. Visualizations (phase 2) or purifiers 
(phases 3 and 4) did not change the perceived air humidity. 

Figure 4 presents the number of reported symptoms (answer values from “slightly” to  
“very much”) during the whole pilot. Teacher C did not report any symptoms and teacher A reported 
most consistently different types of symptoms on the head, nose, throat, breathing, eyes, skin,  
and tiredness. Teacher D had the highest number of reported symptoms in all the other categories, 
except breathing. 

 
Figure 4. Number of reported symptoms per teacher during the pilot. 

Table 4 presents the average and standard deviation values for the questions (presented in 
Tables 1 and 2) during the whole pilot for each teacher. In general, the lowest values were from 
teacher A. For example, she reported being quite tired in the mornings on average. She perceived the 
air quality as bad, stuffy, and dry. She also experienced more negative stress than the other teachers. 
On the contrary, teacher D answered most positively to the questions on average. The teachers 
complained the least about the odors and dry air seemed to bother them the most in building 1. 
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Table 4. Average and standard deviation of answer values on a scale of 1 to 5 during the whole pilot *. 

 Teacher A Teacher B Teacher C Teacher D 
Question Average std Average std Average std Average std 

M1 1.72 0.51 2.74 0.82 2.47 0.94 3.31 0.78 
M2/A3 2.11 0.52 2.77 0.49 3.15 0.49 3.46 0.64 

M3 2.13 0.63 2.70 0.52 2.86 0.48 2.97 0.70 
M4 4.74 0.50 4.14 0.86 4.64 0.61 4.84 0.37 
M5 2.39 0.80 3.49 0.81 3.05 0.28 3.09 0.34 
M6 1.97 0.30 2.04 0.20 3.00 0.00 2.99 0.18 
M7 3.40 0.61 3.86 0.56 4.01 0.92 3.93 0.32 
A1 2.15 0.50 2.61 0.52 2.88 0.52 3.01 0.50 
A2 2.42 0.53 3.00 0.39 3.08 0.41 3.00 0.40 
A7 2.70 0.55 2.85 0.59 2.56 0.56 2.94 0.47 
A8 2.77 0.58 2.86 0.58 2.98 0.28 3.01 0.55 

* Value 1 represents negative/low values, e.g., “very bad air quality” or “extremely dry air”,  
and 5 represents positive/high values, such as “very good air quality” or “extremely humid air”. The 
questions behind these answers can be found in Table 1 and Table 2. 

3.2. User Experience Results 

User experience related to the self-reporting app was received from all the participant teachers 
(N = 4). Four usability items were tracked at each pilot phase and their averages are illustrated in 
Figure 5. The average of usability items remains quite good throughout the pilot, above 4.2, even 
though, after phase 3, there is a slight decrease in all of the items. Already, in the beginning of phase 1, 
teachers felt that most people would learn to use the self-reporting application very quickly—it was 
easy to use, they were confident using it, and it was robust. At the end of the pilot, usability was 
measured with a more extensive questionnaire, the system usability scale (SUS). The scores are 
calculated according to the work of [21] and range between 0 and 100. The average SUS score was 78.1. 

 
Figure 5. Usability items related to self-report application by phase. 

The usefulness at the end of the pilot was evaluated to be mediocre, 6.75 in the scale from 1 to 
10. The intention to use at the end was also mediocre, 3.25 in the scale 1 to 5. Teachers’ satisfaction 
towards the self-reporting application was measured at every phase with the net promoter score 
(NPS). It decreased towards the end of the pilot. NPS was formed based on the percentage of 
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promoters (answer 9 or 10) minus the percentage of detractors (answer 6 or less) scale ranging from 
−100 to 100 and was measured at each phase [20]. In the beginning of the pilot, at phase 1, the average 
satisfaction was on a very good level of 50. At phase 2, the NPS was 25, and at phase 3 and phase 4, 
the NPS ended up at a mediocre level of 0. 

In their open feedback at the end of phase 1, the teachers considered the application as clear and 
easy to use. They appreciated that there were a lot of answer alternatives for the questions and the 
possibility to elaborate on the answers further. However, one participant would have wanted a longer 
time window for the questionnaire to be available. One of the participants felt the answers were 
repeating themselves and she was answering similarly all the time. In phase 2, this issue was brought 
up by all the respondents. They said that the answers were almost always the same and they 
repeating themselves, which made answering heavy and boring. The frustration continued in phases 
3 and 4, as they felt their answers still stayed almost the same. One of the participants suggested that 
there could be a button for reporting “situation has not changed” and previous answers would be 
copied. The busy afternoons, when there was, for instance, a meeting after the class, were the most 
difficult times to remember to answer the questionnaires. 

4. Discussion 

In this study, the self-reporting application was developed to capture perceived IAQ as 
experienced by the facility users. The application was tested and evaluated in an 18-week pilot in a 
school environment by four teachers. During the long-term pilot, adherence was on a very good level; 
teachers participated actively by answering on average eight of ten questionnaires each week. 
Usability of the self-reporting application was evaluated to be good. The application was easy to learn 
to use, easy to use, and robust. In addition, satisfaction was very good at the beginning. The drop of 
satisfaction to a mediocre level at the end of the pilot might be because of the pilot setting, where 
reporting was requested twice a day even when the respondents perceived no changes in the 
situation. An advantage of our application was that the teachers participating in the study did not 
report any technical problems and, as can be seen from the response rates, the teachers answered the 
questions consistently throughout the study. Mobile phone as a channel for reporting seems to have 
great potential, as it is usually close by and easily available. Furthermore, it enables a reminder 
functionality that diminishes the possibility of forgetting the reporting. A strength in our approach 
was that we asked the perceived IAQ continuously from the same respondents over several months, 
enabling inspection of long-term trends and possible slow changes in the conditions. This kind of 
study has not been reported previously. 

The application questions seem to be able to detect differences in IAQ conditions. In general, 
teachers in building 1 gave lower ratings for IAQ compared with teachers in building 2, and they also 
reported dry air. The day of the week did not affect perceived IAQ. In both buildings, the ventilation 
is usually turned off during the weekends, but the perceived IAQ did not differ on Monday compared 
with other week days. This study investigated whether seeing objective IAQ measurement results 
would change how the facility users perceive IAQ, but the provided visualizations did not affect the 
perceived IAQ of the pilot participants. The effect of the air purifier on perceived IAQ was, however, 
contradictory. There was an increase in perceived IAQ with both the real and mock-up purifiers, but 
also a decrease with the real one. In this case, however, each of the respondents were in different 
rooms and reported their perceptions regarding that. Another consideration is that the school 
environment is complex, and many physical, physiological, and psychological factors can influence 
the perceived IAQ [22]. In the future, the effect of air purifiers should be studied with several people 
in the same room. The cross-over setup used in this study enables investigation into whether 
expectations alter how the person is perceiving the IAQ, that is, whether bringing mock-up purifiers 
falsely increases the perception of better air quality. 

In the work of [14], dry or stuffy air were the most commonly reported IAQ problems, and sore 
throat, hoarseness, headache, eye symptoms, and stuffiness were the most common symptoms. 
Tiredness was also reported by pupils [14]. In our study, teacher C did not report any head, nose, 
throat, breathing, eyes, skin, or tiredness symptoms during the pilot, and she felt that the IAQ was 



Proceedings 2019, 31, 47 11 of 12 

 

on an acceptable level. Teacher D in the same building reported the highest number of symptoms in 
most of the categories, but also the most positive perceived IAQ. So, the perceived IAQ did not 
explain her symptoms. Teacher A in another building reported most consistently different types of 
symptoms and she evaluated the IAQ on the lowest level. There seem to be notable differences in 
how different people perceive IAQ. 

These findings cannot be generalized widely, especially because of the rather small number of 
participants. Participants tended to have only little variety with their answers and reported that 
answering was heavy and boring when the answers were almost the same during the long pilot. 
However, it is not clear whether people would actually answer on-demand with the application if it 
is not reminded. This kind of practice was needed to implement the pilot. In the future, in commercial 
solutions, it would be valuable to adapt the application so that it, for example, sends invitations for 
questionnaires when the IAQ sensors sense changing IAQ values. The advantage of this kind of 
application is, for example, real-time reporting of perceived IAQ conditions for the facility owners, 
enabling a fast reaction to changes in IAQ or problems in ventilation. 

5. Conclusions 

This paper introduced a novel self-reporting application for collecting perceived IAQ data and 
symptoms caused by poor IAQ in a frequent manner from facility users. The four school teachers 
participating in the 18-week feasibility study evaluated the application as useful and usable. The 
questionnaires designed for the application seem to be able to detect differences in perceived IAQ 
between facility users. Adherence was on very good level during the pilot, although the reporting 
frequency of twice a day became heavy over the long term. The application should be adapted in the 
future and possibly include sensor information for the dynamic timing of the questionnaires. 
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