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Abstract. Indoor environmental quality (IEQ) and its effect on occupant-well

being and comfort is an important area of study. This paper utilized the latest

mobile app technology, hybrid app, to develop #dendly periodic

guestionnaires in the responses of inmdervironmental quality (IEQ) survey.

This hybrid app technique is cost effective and easy to use, not only to users

but also to administrators. The hybrid app makes the survey work become

simple, fast and sernneattime feedback can be realized by per@odi

questionnairesA casestudywas conducted to evaluate the feasibility of the
developed hybrid app, focusimyjn t he occupantsd responses
environmental qualityMore than100 responses from The Open University of

Hong Kong (OUHK) wereinvited to provide their feedback about their

personal experience about IEQ at a newly built building. The feedbacks are

collected by a mobile app based periodic questionnaire survey of personal

feeling about IEQ in different time slots (the beginning,dieédand end of the

lecture).This Hybrid app based survey shows its huge advantage in our study

to help researchers to launch a safe, efficient and high data quality survey easily.

Comparing to the traditional paper based, web based and native app based

survey methods, in terms of development, maintenance, cost and speed, mobile
device features (camer a, the GPS, the a
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notification system in questionnaire survey. Furthermore, the hybrid app based
survey methodology can be dgsised in other survey area

Keywords: Smart apgbased survey; indoor environmental qualipgriodic
guestionnairesoccupant satisfaction

1. Introduction

1.1. Occupant satisfaction on indoor environmental quality
Indoor Environmental Quality (IEQ) encompasses the conditions inside a
buildingd air quality, lighting, thermal conditions, ergonon@icand their effects
on occupants or residents (occupant health, wellness, comfort and productivity)
(Wargocki, Wyon et al. 2000)in general, the quality of air is assessed by
measuring the various physical parameters, such as temperaturégithuoo2,
CO, TVOC, PM10 and PM 2.5, etc. In Hong Kong, the Environmental Protection
Department (EPD) of the Hong Kong government implemented the Indoor Air
Quality Certification Scheme in 2003 to promote public awareness of IAQ issues
and IAQ managemei offices and public places, and a guide was published that
sets out the Schemed Departmert 2083Wnderghe f or
IAQ Certification Scheme, a benchmark consisting of -lexel objectives

(6excellentdé or 6goodd class) is used

The parameters assessed under the IAQ Certification Scheme are some common

physicalpaa met er s menti oned above. However

between Indoor Environmental Quality and the quality of ligol). The
harmonization of them is hard to be achieved. While, in China, the currently in
force national standard, named Stamts$ for Indoor Air Quality (SIEQ GB/T
188832 0020) includes the personal feeld.
IEQ index (2002) We may realize that besides scientific data collected by
different sensors, personal feeling of occupants is a chic and important data
regarding IEQ. Therefore, in this study, individual personal egpee about IEQ

were investigated in our survey.

Previous studies from the views of needs theory show it is incontestable that
the improvement in subjective Qdnappens as a result in the social and economic
aspectgCharles and Liu 1984).iao, Fu et al. 2005)Gulsah Yavuz, Filiz Senkal
et al. 2017) It was found that the better quality environment (messby
objective indicators of pollution) are strongly related to the higher satisfaction
(Liao 2009) However, the question about such a correlation between IEQ and
overall QoL is not clear (despite the impact of pollution on life satisfaction has
been highlighted). This demands (objective air quality on individual QoL
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pei odically through the i r@tuserfitendlyof ai r

and periodic survey (at specific time) method for the IEQ studies.

In order to verify these relationships, we compared different survey methods
(traditional paper based, eteonic based and mobile based) and applied the
hybrid app based survey method for collecting the data to analyze the
aforementioned relationship in the Jubilee College at the Jockey Club Campus of
the Open University of Hong Kong, which was accreditedh wie BEAM Plus
Platinum Project award by the Hong Kong Green Building Council for its green
campus design in 2015

1.2. Traditional paper based survey Vs electronic based survey
In the past, papdrased questionnaires were the popular delivery modeveysur
researches. They're generally straightforward to use, have comparatively low
implementation prices, and have low support and training néafilsox,
Gallagher et al. 2012However, papebased survey questipaires tend to be
longtime, hard to use periodically, with a high risk of entlated errors,
massive paper storage, | ow security
across geographically distributed us@sang, Wu et al. 2012)

With the rapid development of information and communication technologies
(ICT), the survey questionnaires are able to be delivered electronically nowadays.
Electronic males of delivery can maximize the speed and scalability of data
collection, and scale back its prices, with high data quality (thus addressing a
number of the constraints of the papased instrumentgshah, Rajgor et al.
2010) In addition, the reduction of administrative burden has been reported by
(Cook, Ludens et al. 2013)

El ectronic modes also I|likely to be
paperbasedmethods. In addition, it can support the implementation of complex
skip patterns as well as the continuous periodical collection of data without
temporal or geographical constrainf€oons, Gwaltney et al. 20Q9)
Consequently, using the electronic survey questionnaires has become common in
many analyis areas, e.g. study smoking behavior, tobacco use, likepain and
asthmgKastaun, Brown et al. 2017)

1.3. Mobile app based survey
A mobile app is a powerful tool for every people. With the testelopment of

mo

mobile devices and dbéappd (applications

more people switch from the PC to mobile devices to follow the news, check
weather and chat with friends, because mobile device App is not only support for
text, but also support voice, pictures and even multimedia messaging. The
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continued rise in mobile devices adoption attracted many researchers paid
attention on using mobile device technology to do the questionnaire survey.

For the environment related issue ¥ocused on in this project, mobile app is
regarded, as it can get instant feedback and deal with the huge ala¢dfective
and efficientway. In the meanwhile, the prompt analysis results may contribute
to control and building management further imessier and faster way.

Nowadays, there are three popular mobile development techitigaiean be
used for the questionnaire survey study: native app, web app, and hybrid app.
Each technique has its own advantages and disadvantages. A native app is an
application program that has been developed for a particular platform or device,
such as Android or IO$Rouse 2013)A web app is generalized for multiple
platforms. It is available over the Internet through a browser and installation it on
local devices is avoided. While, a hybrid app is one that combines rakeiwfe
both native and web applicatiofinh, Prashant et al. 2017)

Native Appis an app developed essentially for one particular mobile device
and is installed directly onto the device itself. Users of native apps usually
download them viapp storesnline or theapp marketplace, such as Apple App
Store, Google Play stoend so onAn example of a native app is the Camera+
app for Aevigpds@®duse 2018 S

Web App, on the other hand, is basically Intemwdbled apps that are
accessible via the mobile deviceds Web
ont o t lmebileudsvecdn®sler to be accessed. The Safari browser is a
good example of a mobile Web app. While, a hybrid app is one that combines
elements of both native and web applicatiMsh, Prashant et al. 2017)

Many studies were launched to compare them in different aspects. Some
preliminary results of the comparison about completion time, response length and
user experience on PC and/or mobile browsers were rep(teskirk and
Andrus 2014) In addition, in terms of design of system structure layout of user
interface and types of question/response, the comparison of questionnaire items
& layout design on a nile device is reported bgPeytchev and Hill 2010)
Development skills & distribution are compared(8tangarone 2016§Wang
2016)(Panhale 201dpvestigate the development speed aspects of the native app
and mobile web, anq2012) (Martin 2014) focus on the development &
maintenance cost during the native app & mobile web dewsdop &
deployment. Graphical/ App performance issues are also discughbésl 2012)

It shows that native app and hybrid app development rdetbgies provide a
more OOprofessional &8 and (@iovend Mapadco,f or ma n
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Campillo Carrera et al. 2015)hich also presents that native app and hybrid app
methods take more advantage of all the device features than web based method.
The comparisons of three types of mobile techniques including relevant

limitations were summarized ifiable 1. In all, hybrid app shows its significant
advantages in developmemhaintenance cost, speed, mobile device features
(camer a, the GPS, the accelerometer,
which are quite important in survey area.

Table 1 Comparison of native app, hybrid app and mobile web

Cl assi fi Nati ve Hy bdr i We b
Obj et i HTML, CS
Skills nee i OS SD Javascrip HTML, C
Android a Java, A Devel opm Javasc
S DK Framewor
App

Di stribu Store/ N App Store We b
Devel opme Sl ow Moder at Fast
Devel opme Hi gh Moder at Low
Mai nt enan Hi gh Moder at Low
Graphical Hi gh Moder at Moder a

perfor ma

Camer a Yes Yes Yes
Push Noti Yes Yes N o

Contact Yes Yes N o
of fline Yes Yes Yes

Geol ocat Yes Yes Yes

Fiugl oad Yes Yes Yes

Gyr oscoj Yes Yes Yes
Accel ero Yes Ye s Ye s

Mi crophao Yes Yes Ye s

In the survey area, as there are many open

source online survey software,

considering the easy development & small amount of cost, many researchers used

mobile web method Pet r ov | i | ,
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2016)(Vieira, Oliveira et al. 2016)Balachandran, Lee et al. 20X¥yoo, Kim et
al. 2015)(Calengor 2007f o r collecting the survey d

notificationsd i s -basetd méthodpim thebsey amea,f or t h
because many surveys require participants to take periodical questionnaires in
desired time periods, and most surveys

game). In addition, some studies used the native(Bpgthalie Sonck 2013)
(Glass 2015§Kim, Yeon et al. 2015)Susilo, Abenoza et al. 201{@onck 2013)
( OO0 R-Shah, IWolf et al. 2017)Reilly-Shah 2017)to collect relevant
information (e.g. GPS, Contract info.) in their research for periodic survey.

1.4. Hybrid app based survey in the field of indoor environmental quality
For the scientists who are engaged in environmental study, it is hard for them to
manag@ the IT technigues about survey generation and data analysis. Therefore,
how to provide a usdriendly interface and simplify the operation and
maintenance procedures is quite important. For the app design, the hybrid app
technique waselectedto achiere the goal, because it takes advantage of both
native app and mobile, such as the across platform function, can handle most
requirement, at a fraction of the price), and reduce the limitation in an acceptable
level (as a moderate option).

We investigatehe methods and modules fievelopingthe hybrid app in the
IEQ survey study in section 2 to how to create the online survey for IEQ step by
step. The survey results analyzed from our hybrid app based survey are compared
in section 3. Some limitation & fther works are summarized (or discussed) in
section 5.

2. Methodology and Implementation

2.1.Design of questionnaires
The periodic survey questionnaire in this pilot study was designed drafted by
Department of Building Services Engineering (BSE), Polyld eeviewed for
content and programming issues by a member of the BSE research staff. As it is
periodic questionnaire, we expect the ¢
indoor air environment 3 times (morning, afternoon and night) each day. Quick
respnses are necessary. Therefore, there are only eight questions with some basic
occupant demographics information included in the questionnaire. The sample
guestionnaire is shown in Appendix 1. The questionnairepigifit scale with
endpoints sfalt isfverddo chind A5 = very sati s
To integrate the questionnaires into hybrid app, three main steps were used to
build the hybrid app based survey (Fig.1): 1) Create an online survey website; 2)
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Wrap the online survey into hybrid app; and 3) Deployntiobile app to different
app stores (e.g. Google play and Apple store). This paper mainly describes the
first 2 technical steps in section 2.2 and 2.3.

1. Create the online 2. Wrap the designed 3. Deploy apps to the targst
survey system & design  ————={ online survey into mobile apps stores (e.q.
the survey questionnaire different mobile apps Google play or Apple store)

Fig. 1 Flow chart of building a hybrid app

2.2. Online survey website creation
Firstly, anonline survey website is created (The free and open sourtireon
survey system: LimeSurvey is selected in this study). The system enables users
using a web interface to develop and publisHioa& surveys, collect responses,
create statistics, and exptie resulting data to other applications.
Herethewordbuser sé is a joined name for so
web based survey. Actually, there are serval parties may be served as users, such
as administrator, survey designer, participant andareker. In general, the site
is installed by administrator; survey questions are answered by designed groups
and the data is collected by researches
summarized in table 2.1 for clarity.
Consideration during thdesign. (Because the role of different parties may
have different needs). For participants, they need to have a clear interface and can
answer the questions in short time. For administrator, the flexibility is quite
important, because there may be manfedit surveys running in the system for
different research projects at the same time. The administrator can edit/update
surveys and control the visit access when needed. For researchers, they want to
collect the partici pamiipaddresseGPp iofo.ane an d
elapsed time, etc.) in an easy and efficient way.

87



Li,Han & LdJournal of System and Management Sciences94{@019) Na2, 81-103

Survey

Administrator
instaliation

Survey Response Statistics

Survey designer User group Question group

LA

User Question Participant Researcher

Answer option -]

Question attribute 1

Condition ~

Fig.2 Roles and information flow in the survey system

Table 2 Roles in the survey system

Role Name Role Description
The person who created the surgitg. This person manages all
surveys on this site, and has full control over managing users
The person who create/update/main the specific survey (assign

Administrator

Sur_vey administrator). In the surveys, designer get most of the sam
designer . . . .
permissions ashe administrator, with a few restrictions.
Participant The survey participant
The person who collect/export the survey result from the onlin
Researcher system

Considering researchers will set up several surveys and wrap the different
hybrid app for eeh research projects, researchers are able to set up different
surveys in one survey system. In the survey system, its hierarchy has 3 layers:
survey questions are organized into question groups (each question must be a
member of a group (and only that gp), in the other words, a question group is
a 'page’ of questions presented to the survey respondent. As shown in Fig. 2.3, it
is at least one group in each survey, and a group can have questions about a similar
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subject or simply be set up as a manageainteber of questions. This hierarchy

take an advantage on the survey design and participants responses. For example,
the survey system we created are hosting 20 different surveys, researchers can
easily copy/export the questions/question groups from tiséirex survey into a

new survey, which saveslot of efforts & resources.

/ Survey 1 // Survey 2 / / Survey 3 / / Survey n /

v

ﬂun‘e} 1 \
Question Group 1 Question Group 2 Question Group 3 Question Group n
Question 1 [ Question 1 ] [ Question 1 ] [ Question 1 }
Question 2 [ Question 2 } [ Question 2 ] [ Question 2 }
Question n E Question n l [ Question n ] [ Question n }

Fig. 3 The hierarchy among the survey system, question groups and questions

2.3. Wrapping the online survey into hybrid app
A hybrid app is a native, downloadable app.shswn below, it runs all or some
of its user interface in an embedded browser component, which is downloaded
from the app store or marketplace, stored on the device and launched like any
other app. e.g. WeChat, Facebook, WhatsApp, etc.

Combining the bestefitures of mobile and wdiased app, the hybrid app
provides a powerful design pattern. A "hybrid app" is an application which has
been partitioned so that part runs on the mobile device and part is delivered by a
server. Keeping the mobile app small reskithe cost/risk for updates, and
placing most content in the wdtased app allows instant updates, can be achieved
by simply modification of the web server content. For example, as mentioned in
the Fig. 2.3, the surveys in the survey system are indepeifdesearchers want
to modify some questions in the survey 1, they just login the survey system to
update the question contents, participants will see the latest questionnaire, no
need for participants to download/upgrade the existing app.
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Native Wrapper

Web View

Survey
system
(HTML/JS)

Fig. 4 Thesimple system structure of the hybrid app development

As there are many opeource mobile frameworks/websites that presently
supports both Android and iOS platforms, we are looking for the tools which
enable authoring of native mobile applications usimjj-known HTML, CSS,
and JavaScript languages, and provide accesses to native hardware features of the
mobile device through a common platfeimaependent JavaScript API (camera,
GPS, etc.). To package the survey service, the url (generated in Limsurvey in
previous section) is wrapped into app by the online service of appgeyser.com
(android) and appyourself.com (1ISO).

Figure 5 show three main steps from starting compile the website to install
corresponding app. Here, a mobile phone running android 5.0rsyss used
for demonstration. Firstly, register an account from their website, and select
6create app from a URLOG (Fig.5FaWy, then
generate the App (Fig. 5c¢); lastly for publishing in Google play.
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ppsgeyser.com, Ent RL t bil f Jr Websiti
APP SETTINGS
Refresh |
Enter URL APP NAME
APP SETTINGS
DESCRIPTION
ICON
Indoor Air Qualityl
How To Be Fopuylas \pp St useful tips
NEXT CREATE
4 g troubles with this form? Fo le | nmmne———

@ (b) (©
Fig. 5 Steps of creating an app starting fromaregadyd e 6 Websi te URLOS

The features of this method are not only limited to simple to use, but also to
modify the content of the questionnaires very easily. More important and useful
data can also be collected from responses, such as time spent on the survey,
language used, IP drbss of each participant, etc. The demonstration table is
shown in Fig. 6.

A E 4 E F G H | 1 K L M N 0 P qQ

P address Gender  |ige (1. Which C1. Which 01 Which 0L Which 02 y & i
1247245 Hale & fes Ho Ho Ho

Male |12 ies Ho Ho Ho

Female |24 Yes Ho Ho Ho

Female |24 Yes Ho Ho Ho

Male |12 Ho fes fes Ho

Female |24 Ho Yes Yes Ho

Female |24 Ho Yes Yes Ho

Female |21 Ho Yes Yes Ho

Female |21 Ho ies ies Ho

Male |21 Ho Yes Yes Ho

Hale 4 Yes Ho Ho Ho

Hale 1 Ho fes fes Ho

Female |20 Ho ies ies Ho Si<n HNo HNo HNo HNo HNo HNo

Female |20 Ho es es Ho Ho Mo Ho Ho Ho
Male |21 es Ha Ha Ha Ves Ho Ho Ho Ho
Male |21 fes Ho Ho Ho Ves Ho Ho Ho Ho
Female |21 Ho es es Ho Ho Ho Ho Ho Ho
Male |24 Ho Ves Ves Ho Ho Ves. Ho Ho Ho
Female |22 Ho Ves Ves Ho Ho Ves Ho Ho Ves

Ho es Ho Ho
Ho es Ho Ho
Ho Ves Ho Ho
Ho fes fes Ho

Female |20 Ves Ho Ho Ho Ho
Ves HNo HNo HNo HNo
Ves Ho Ho Ho Ho

Ho Ho Ho Ho Ho

Female |20

Female (20
158152174090 Female |20

Fig. 6 Raw data of participants®o

3. Results and Discussion

The case study was conducted to verify the feasibility of the developed hybrid
app for theevaluation of the indoor environmental quality in the lecture room of
the new building.The survey is taken from 07/03/2018 to 10/03/2018, in the
Jubilee College at the Jockey Club Campus of the Open University of Hong Kong.
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Doubleglass curtairwalls areinstalled on the other three sides, helping to
i mprove air quality and reducshlheaddbdand
design and the additional opening at the lower three levels of the building can
facilitate air movement and visual permeabitt the street leve{Kong 2015)
Students show their high interests on using our app, as shown below, our app
offers a better overlay than any traditional paper based or pc based survey, to
make the questionira easier for the students to read. The design capabilities of
our hybrid app based survey are more flexible than paper based survey, as there
are some design limitations in the paper based survey. As we know that both
survey methodologies are able to pop singleresponse questions, multiple
choice questions (MCQs), list questions and grid questions. Moreover, our hybrid
app based survey supports more #dgendly features, e.g. dregown options,
interactive slider, starating options and even intege some multimedia files.

INDOOR AIR QUALITY ~ PERSONAL INFO.  MARKE INDOOR AIR QUALITY ~ PERSONAL INFO.  MARKI INDOOR AIR QUALITY  PERSONAL INFO.  MARKET

Indoor Air Quality = Indoor Air Quality — Indoor Air Quality -

Room INDOOR AIR
ENVIRONMENT
QUESTIONNAIRE
Q1. Which of the following are (Periodic)

currently operating in your office?
(Check all that apply)

Nothing

v Computers / lap tops

Hot and Humid

Lighting
Copier / Fax machine
18 Dishwasher

19 Other
Cold and Dry

Fig. 7 Examples of interfaces of our app shown on smartphone

Al so, the triggered APush notificati ol
remind students to response the periodic questionnaire, during differestdime
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QQA Kindly submit your response !!
Thanks! Qingyun

Fig. 8 I ntegrated fiPush notificationo

In this study, the average time for students to complete the questionnaires is
around 4 mins. After that, researchers can immediately to collect questionnaire
survey results. As we knowahthe paper based survey needs plenty of time to
prepare, print and collection of survey from respondents, especially, for the data
collection and consolidation, as data collected should be record into excel file for
further process.

The detailed resultsf the questionnaire survey for the indoor environmental
guality can be explained in three aspects: (i) satisfaction with temperature; (ii)
satisfaction with humidity; and (iii) satisfaction with air quality.

(i) Satisfactionwith temperatureNobody feelvery dissatisfied on the room
temperature and it reveals that 82.2% students feel ok or satisfied with the room
temperature. Moreover, among the 30 dissatisfied responses, most concerns are
on the temperature of the -@ionditioner, as showin Fig.9
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If you are dissatisfied with the temperature, how would
you best describe the source of your discomfort

Incoming sun
15

/ 2t R & dzNN® dzy R ADfa@sfrom window

I 230 & dzZNNER R Ay I Drafts from vent

¢c22 2922 KAIKX

Fig. 9 Source of discomfort on temperature

(i) Satisfaction with humidity The satisfied and dissatisfied responses
symmetric temperature and 82.2% students feel acceptable? or satisfied on the
room temperature. Among the dissatisfied responses, mosenstudvere
concerned about the low humidity from the outside, as shoWwiy.10.

If you are dissatisfied with the humidity, how would you
best describe the source of your discomfort?

Too high humidity from
gutside

10

5
Low humidity due to O>Too low humidity from
frequent ventilation outside

High humidity due to
lack of ventilation

Fig. 10 Source of dissatisfaction with humidity

(i) Satisfaction with air quality (including CO2, TVOC, micro dulitjeveals
that only 22.2% students feel vetljssatisfied or dissified on the room air
quality.
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How satisfied are you with the current room air
guality (including CO2, TVOC, micro dust)?

\

Very dissatisfied= dissatisfied = Moderate = Satisfied = Very satisfied

Fig. 11 Distribution on room air quality

Also, we studied in if there is any interaction between the independent variables
(age and gender) with the variables (How important the following indoor
environments are: 1) Temperature, 2) Humidity, 3) CO2 (Carbon dioxide), 4)
TVOC (Total volatile orgari compound), 5) Micro Dust (PM10, PM2.5)).
However, by using thANOVA analysis of betweesubjects effects in SPSS, we
find there no statistical significance with the variables and the aspects mentioned
above (please see the Appendix 2 for the SPSS inadgsilt).

4. Conclusions

This study compared the different survey methodologies (paper based, web based,
native mobile app based and hybrid mobile app based) in different aspects
(development, maintenance cost, speed, mobile device features (cam@RSthe

the accelerometer, etc.) and deviceds n
hybrid mobile app based survey in the IEQ satisfaction questionnaire survey,

which helps researchers collect the periodic data more precisely than other survey
methodlogies. The Indoor Environment Evaluation are collected for analyzing

the occupantsé quality of 1ife, and t he
to the building manager as a reference |
andmaycontributet a better | EQ management to im
occupant health, wellness, comfort and productivity.

Furthermore, the studentso6 feedback an

hybrid mobile app integrated survey methodology as an easier, tost, stable,
accurate, efficient and cross platform solution in survey research, which can be
easily used in other research survey area.
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Appendices

Appendix 1. The periodic questionnaire used in the survey

| INDOOR AIR ENVIRONMENT QUESTIONNAIRE |

Gender (Male or Female)

Age

BASIC INFORMATION

Il ROOM ENVIRONMENT
Q1. Which of the following are currently operating in your office? (Check all that apply)
O Nothing
O  Computers/ lap tops
Lighting
[0  HVACsystem
[0  Other. Please describe :

Q2. How many people are there in the room?
n<10

10<n<20

B0

20<n<30
n230

OO0

W OCCUPANT STATUS

Q3. Which of the following apply to your health condition? (Check all that apply)
Athma

Chromic cough

Nasal congestion

Rhinitis

Atopy

Eye disease

Headache

oooomEe0OO0O

Q4. Which of the following are your present clothing?
Jacket Shirt Trousers Skirt
[m]

Not wearing|
Light

Heavy
Short

Long|

ooo|o|iE=
ooo|E|I0
][ 5] () (] ]
(] () () )

Q5. Choose one of the following for your activity level.
Reclining

Seated

Standing relaxed

Light activity, standing

Medium activity, standing

High activity

ORO0O0O0O0O

Q6. How long have you been in the room?
h < 30 minutes

30 minutes < h < 1 hour

1 hours = h <2 hours

OooE 0O

2 hours < h < 3 hours
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INDOOR ENVIRONMENT EVALUATION

Q7. How do you feel the current thermal comfort (including temperature and humidity)?

[} Hot and Humid
O Warm

Neutral

O Cool

[}

Cold and Dry

Q8. How satisfied are you with the current room temperature?

Very dissatisfied | & [ ] | @] = @] Very satisfied

Q9. If you are dissatisfied with the temperature, how would you best describe the source of your discomfort?
Incoming sun

Drafts from window

Drafts from vent

Too high temperature of air-conditioner

Too low temperature or air-conditioner

Hot surrounding surfaces (floor, eeiling, wall or windows)

Cold surrounding surfaces (floor, ceiling, wall or windows)

Other. Please describe:

goooEOCOO0

Q10. How would like to change the current room temperature?
[ Cooler
Warmer
O  Nochange

Q11. How satisfied are you with the current room humidity?

Very dissatisfied O O] (@] [») [®] Very satisfied

QI2. If you are di:
() Too high humidity from outside

d with the | idity, how would you best describe the source of your discomfort?

Too low humidity from outside

[} High humidity due to lack of ventilation
[0 Low humidity due to frequent ventilation
[m]

Other. Please describe

Q13. How satisfied are you with the current room air quality (including CO,, TVOC, micro dust)?

Very dissatisfied 0 ['»] [»] O] [ ] Very satisfied

Q14. Which of the following changes have made in your body since you entered the room? (Check all that apply)
And if you feel any symptoms, check the intensity

(] Nothing Symtom intensity

O  Drawsy Weak [ [®] [®] = [} [®] | severe
O Shoulder stiffness Weak | [@] [@] [@] = [®] | severe
[ Headache Weal [ [@] [@] = [@] 0 ] Severe
O Dizziness Weak [ (o] [@] [®] [&] O | sever
[ Difficulty in breathing Weak | [w] [®] [@] [#] =] | severe
O Sneezing Wealk [ [w] [@] @] [w] [0 | severc
O Nasal congestion weak [ B [»] 0 [®] [®] | severe
O Alergic conjunctivitis Weak | [w] [w] [w] [#] 3 ] severe
[m] Skin trouble (e.g., itching) Wcukl | @] | @] 0 B | ®] | Severe
O Other. Please describe:

Q15. How satisfied are you with your current overall room environmental quality?

Very dissatisfied ] n @] = 0 | Very satisfied

Q16. Please check how important the following indoor environments are.
1 (Not important), 2 (Neutral), 3 (Important), 4 (Very important)

Temperature |

i)

Humidity |
CO, (Carbon lli(!xideil

TVOC (Total volatile organic compound) |
Micro Dust (PM 10, PM2.5) |

a|af(a)a Q-
@)@ |9 a)a)-
a|af(a)@ o
a|a|@

97




Li,Han & LdJournal of System and Management Sciences94{@019) Na2, 81-103

Appendix 2. The anova analysis results between the independent variables (age
and gender) and the variables (How important the following indoor environments
are: 1) Temperature, 2) Humidity, 3) CO2 (Carbon dioxide), 4) TVOC (Total
volatile organic compound5) Micro Dust (PM10, PM2.5)).

Tests of Between-Subjects Effects

DependentVariahle: Q16. Please check how important the indoor environment - [Temperature] is:

Type lll Sum Partial Eta
Source of Squares df Mean Sguare F Sig. Squared
Corrected Model 41 6087 g 4623 6.337 .0oo 375
Intercept 274.982 1 274982 376.924 .0oo 799
Gender 589 1 589 808 3M .0os
Age 35.005 5 7.019 9.621 .aoo 336
Gender * Age 2.742 3 914 1.253 205 038
Error 69.307 a5 730
Total 1038.000 105
Corrected Total 110914 104

a. R Squared = 375 (Adjusted R Squared = .316)

Tests of Between-Subjects Effects

Dependent Variable: Q16. Please check how important the indoor ervironment - [Humidity] is:

Type Il Sum FPartial Eta
Source of Squares df Mean Square F Sig. Squared
Corrected Mocel 148617 9 1.651 2375 018 184
Intercept 273.851 1 273.851 384,008 .0oo .BO6
Gender 16 1 16 AGT 684 .00z
Age 11.981 5 2,396 3.448 o7 154
Gender* Age 37 3 046 D66 878 .002
Error 66.053 95 695
Total 921.000 105
Corrected Total 80.914 104

a. R Squared = 184 (Adjusted R Squared = .108)
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