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Abstract: This paper summarizes the recent post-occupancy evaluation (POE) method studies and
latest literature reviews. According to the research trends, data visualization of an occupant’s
feedback is an important perspective and surveys through POE methods have provided a quick and
cost-effective approach for gathering and analyzing an occupant’s feedback. Therefore, the objective
of this study is to establish a web-based building occupant survey system that incorporates new
approaches based on a geographic information system (GIS) tool and open-source spatial information.
This paper reports the following to provide the detailed system framework: (1) development
requirements from literature reviews; (2) integration of collected data and 3D (three dimensional)
spatial information; (3) system processes and user-friendly functions; and (4) pilot test and data
visualization. The difference between the proposed platform and existing online survey systems is
that in the former the survey responses are linked to the 3D spatial information of the buildings on
a map. Thus, the results provide more intuitive insights for building managers and occupants to
identify specific performance issues related to the building.

Keywords: building occupant survey system; post-occupancy evaluation (POE); indoor environmental
quality (IEQ); occupant satisfaction; data visualization; geographic information system (GIS); open data;
information integration

1. Introduction

Post-occupancy evaluation (POE) is a comprehensive method of assessing buildings that have
been occupied for some time in order to evaluate the building’s actual performance and help resolve
operational issues, eventually enabling the building to attain a higher level of efficiency [1,2]. POE helps
obtain a building user’s feedback on the operational performance of the building, including the energy
performance, indoor environmental quality (IEQ), occupant satisfaction, and productivity [3-8].
Pinder et al. (2003) emphasized that building occupants, as the end users of buildings, can provide
insights into the building performance. Effective POE methods must be equipped with practices that
include interrelated responses of occupants who reside in the buildings [9-12].

There are diverse POE methods to gain detailed and specific user feedback. Specifically, surveys and
interviews of occupants are typically incorporated into a POE framework [7,13]. Interviews are a good
method for in-depth discussions and insights into an occupant’s perception of the environment;
however, these approaches tend to be labor-intensive and difficult to examine. Although an in-depth
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review is not feasible, surveys provide a quick and cost-effective method for gathering and analyzing
occupants” feedback [14].

Therefore, in POESs, building occupant surveys have generally been conducted as an important
evaluation tool to evaluate occupant satisfaction [7,15-17].

The distribution of surveys conventionally involves labor-intensive delivery of paper-based
materials. As the conventional paper-based survey method requires researchers or surveyors to directly
visit the occupants of a building, the investigation time and costs are significant, particularly when there
are many occupants. In other words, paper-based surveys can be conducted only in a limited number
of buildings, which restricts the generalization and distribution of POE studies [7]. Furthermore, in the
event of a pandemic, such as COVID-19 (referring to the coronavirus disease that originated in 2019),
field surveys would need to be suspended, and alternative survey approaches would be required.

To overcome the drawbacks of a paper-based survey, computer software for web-based surveys
has been developed since the 2000s [18,19]. For example, the Center for the Built Environment (CBE)
of the University of California, Berkeley has developed an occupant satisfaction survey, which is the
most widely used web-based questionnaire and reporting tool [14,19-21]. Other internationally used
survey tools include the Building Use Studies Ltd.’s PROBE (Post-occupancy Review of Buildings
and their Engineering) in the UK, Overall Liking Score, and Building Occupants Survey System
Australia [7,22-26]. New digital web-based tools, such as SurveyMonkey™, Qualtrics™, and Google
Forms™, have alleviated the technological obstacles related to the use of online surveys in obtaining
and analyzing occupant feedback [27-29]. In addition, optimized mobile devices are gradually being
deployed to evaluate occupant responses [30-34]. Today, researchers only need to send an invitation
email, and participants can complete the survey on smartphones [35-37].

In recent POE studies, visualizing the data aggregated from surveys has gained attention.
In particular, geographic information system (GIS) technology has been employed in POE studies
as a powerful visualization tool [38—42]. GIS applications provide intuitive survey results with a
large array of statistical graphs on the map. In other words, a GIS-based spatial analysis in POE
studies can help better understand and identify patterns of the spatial distributions of occupant
satisfaction and dissatisfaction [43]. However, the GIS is specifically oriented to 2D (two dimensional)
systems (mapping, optimal routing), whereas architectures, such as buildings, are mainly three
dimensional [44—46].

Building information modeling (BIM) has been employed alongside GIS technology as a spatial
information tool using a 3D computer-aided design (3D CAD). Ning and London (2010) and Porwal
and Hewage (2013) reported that the use of BIM will only increase in the near future, particularly for
POE, given the current state of BIM and its contribution to architecture, engineering, and construction
(AEC) industries [47,48]. However, BIM adoption in POE studies is still insufficient and has faced
significant drawbacks [49-51]. First, it is difficult to apply it to old and small buildings that do
not possess CAD floor plan files that are based on the BIM model. Second, the considerable time
required to generate a BIM model and the high cost of BIM software and high processing requirements
significantly limit the speed and cost-effectiveness of the survey. Thus, in this context, simple combined
open-source 3D spatial information is preferred over the BIM approach. Open sources are cost-effective
and customizable [52,53]. Therefore, it is necessary to base the framework development research of the
occupant survey system on open sources.

Furthermore, in this study, two significant new literature reviews on POE have been analyzed to
find the directions for a future POE system and for a data visualization perspective. Li et al. (2018)
conducted a comprehensive and critical review of 146 POE projects published since 2010. Five directions
for future POE studies were reported:

From one-off to continuing;
From high-level to detailed;
From researchers-oriented to owners/occupants-oriented;

L .

From academia to industry;
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5. From independent to integrated.

Leitner et al. (2020) also established a systematic literature review of 55 papers published from
2013 to 2017 [54]. They concluded that there cannot be a single response or a perfect solution in the
elaboration of POEs. Thus, a single-size-fits-all POE approach may not be sufficient or even feasible [55].
In other words, it is necessary to design a flexible survey system that can be developed and customized
by users and developers.

Solving the issues reported in the two literature reviews on POE is important to provide directions
for developing new systems. However, in contrast to the development of a global POE web-based
tool, POE studies in Korea have conducted one-off surveys without an occupant survey system model
that shows a comprehensive understanding of occupant’ responses [56-58]. A more advanced, new,
online survey system that can reflect the insights gained from many studies is required to gather
and analyze occupant responses cost-effectively. To be specific, a framework for building occupant
survey system that reflects these considerations, as well as connected to a comprehensive academic
perspective and the point of view of practitioners, needs to be developed.

Therefore, this paper aims to fill this knowledge gap by developing a new system on the basis of the
country’s context as a general framework for use in other countries. It provides a better understanding
of the open source development for an occupant survey system. To be specific, the objective of this study
is to establish a web-based building occupant survey system that incorporates these characteristics and
is based on a GIS tool and open-source spatial information. The proposed system in this study aims to
include significant design characteristics as follows:

1. Theability to conduct replicable and repeated occupant surveys in the same building. A sustainable
POE with aggregated data could help identify the reasons for dissatisfaction that otherwise
cannot be fully explained the first time. In this regard, a new system is required to design an
integrated database.

2. The ability to decipher the meaning of survey responses from broad aspects to in-depth details.
For instance, the average satisfaction level of the occupants can be analyzed from the entire
building level to detailed end-user patterns.

3. The ability to practically develop the actual system to reflect the owner/occupant-oriented
perspectives as well as the researcher-oriented perspective.

4. The findings of the POE are often displayed in the form of technical figures and charts in a
report or paper. Nonprofessionals, such as building owners and occupants, should be able to
understand the building’s performance from the figures and charts. Multidimensional displays
can improve the understanding of spatial distributions [42]. In this regard, GIS tools could be a
great solution to visualize the occupant feedback and display the spatial analysis of the building
on maps. Thus, it makes it easier to link diverse stakeholders from academia to industry. In other
words, the industry as well as academic researchers can play an important role in driving the
development and implementation of POE through data visualization.

5. Thenew comprehensive system, involving related stakeholders, helps POE activity to be integrated
into a cost-efficient building performance evaluation scheme.

6. To enhance the flexibility of survey options, such as criteria, items, and categories, an easily
changeable survey module with various open sources should be developed and integrated into
the survey tool.

This paper reports the following aspects: (1) integration of open data; (2) visualization of collected
data and 3D spatial information; and (3) pilot test.

2. Development of an Open-Source-Based Online Platform, K-BOSS

We call the proposed system the Korean Building Occupant Survey System (K-BOSS). In Korea,
surveys for POE research are limited to temporary measurements and evaluations [58]. Therefore, it is
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necessary to discuss a new system that can systematically link, accumulate, and manage the data
collected from the occupants of each building. In this paper, we introduce the K-BOSS, including data,
added functions, survey process, and visualization.

2.1. Integration of Open Data from the Korean Government

The primary reason for utilizing open-source libraries and public data (open data) from the Korean
government was to reduce the costs of development and data collection. Furthermore, public data
from government agencies provide high reliability and availability with annual updates. The road
name address building application programming interface (API) provided by the Spatial Information
Industry Promotion Institute’s V-World website and the GIS building-integrated information provided
by the National Spatial Data Infrastructure Portal both represent building information. For each
building address, if a bonding box is sent as a parameter in the latitude and longitude coordinates,
the information related to the buildings belonging to the corresponding area is returned to the system.
However, we checked which building information was more accurate and stable with the related
government agencies and decided to use the GIS building-integrated information only. The open data
used in the system are as follows in Table 1.

Table 1. Used open data list in the system.

Organization Data Description

When a user enters and searches an address
in the system, a list of addresses

Address and Location searching APIs corresponding to the search term is displayed

Spatial Information Industry on the screen.
Promotion Institute’s K d The background map image is in the form of
V-World website Background Map a tile map

Road Name Address Building API Building information provided by V-World;
The system searches for the building
National Spatial Data information selected by the user.
Infrastructure Portal GIS building-integrated information The polygon shape of each building is
obtained, so it is displayed on the map.

The map program used in the system was built using an open source library called Leaflet.
When developing a map function in a web system, it is possible to use other map services, such as
Google Maps; however, the purpose of the system is to achieve a low cost and high-efficiency
development using an open source map library. Leaflet [59] and Openlayers [60] are the most
commonly used open source map libraries. Leaflet was chosen due to the larger open source
community and expandability for additional functions.

To represent buildings on a map in a polygonal form, it is necessary to use a function to draw
lines on the map in this Leaflet library with a list of latitude and longitude coordinates in the EPSG
(European Petroleum Survey Group): 4326 coordinate system. However, the GIS building-integrated
information API provided by the National Spatial Data Infrastructure Portal offers polygon data
of buildings with a list of latitude and longitude coordinates in the EPSG:5174 coordinate system.
Therefore, it is necessary to convert the list of latitude and longitude coordinates provided in the
EPSG:5174 coordinate system to the EPSG:4326 coordinate system to be adopted in the Leaflet library.
An open-source library called Proj4js [61] is used for this coordinate conversion, and the code for the
coordinate conversion is as follows.

2.2. Spatial Information Collection

The difference between this platform and existing online survey systems is that the survey
information is linked to the shape and spatial information of the buildings. Thus, the collected data
can be visualized in three dimensions to determine any problems in the space (x, y, z), as shown
in Figure 1. To perform a 3D visualization, we collected the latitude (x), longitude (y), and height
(z) information, and mapped the survey results. A user can directly click the [x, y] latitude and
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longitude points on the map to record a 2D location, after which the user can directly enter the
height [z] information. The interior of the building was visualized using the Indoor3D API open
source. The feedback provided by the occupants is displayed in multilevel colors such as red, yellow,
and green. For example, occupant satisfaction is displayed in red if the occupants are not satisfied,
yellow if the satisfaction is normal, and green if the occupants are satisfied. While other existing
studies conventionally display information through primary methods (mainly graphs or floor plans),
this study displays results in a 3D space to enhance the spatial intuitiveness for the user, as shown in
Figure 2.

Data collection Longitudinal

Selection of Building Online questionnaires Visualization
on the Map (Cell phone)

—

3F

PI1
Thermal
comfort

X: 000.0000
Y: 000.0000
Z: Floor

3

~
< (-]

PI2
Acoustic
quality

2

G

PI3
Lighting
quality

P14
Indoor air

quality

PIS
Privacy

Figure 1. Conceptual model: data collection in the latitude [x], longitude [y], and height [z] coordinates
with online questionnaire [S] (left). Visualization of the collected information (right).

V Satisfied

V Neutral
V Dissatisfied

Figure 2. Visualization of results: conventional vs. proposed method (illustrative view).

Traditional 2D Model Proposed 3D Model

2.3. System Working Process and Functions

The developed system consists of three functions: a survey creation function, a survey conduction
function, and a visualization function. Figure 3 shows a schematic of the main components.
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SURVEY CREATION

Search and :
Make Review ictr
: choose target i . 7 Distribute
m_- Log-in building(s) questionnaires question questionnaires
f naires
. User DB : Lj“,g

Korean Spatial Information Industry Promotion Institute"s V-World
SURVEY CONDUCTION

Kerean National Spatial Data Infrastructure Portal

——

o —— Select —_— Submit
Access website location[x,y,z] survey garvey

; ’ t sponse DB
VISUALIZATION l

buildings analysis report

Figure 3. Operational process of the system: survey creation, conduction, and visualization.

e Survey creation function. This function is accessed by survey designers (researchers,
facility managers, building owners, etc.). After logging in, the surveyor selects the building to
be surveyed and then creates and distributes the questionnaires. The building to be surveyed
is selected from the GIS building-integrated information provided by the National Spatial Data
Infrastructure Portal. The process of creating the questionnaires is similar to other survey
schemes; the main difference is that this system requires the respondents to choose their location
in the building in terms of geospatial information (latitude [x], longitude [y], and height [z]).
Furthermore, the survey can be customized for various purposes using open-source libraries.

e  Survey conduction function. This function is accessed by the survey respondents. A respondent
accesses the distributed survey on the webpage and confirms the location and shape polygon of
the building to be surveyed. First, the respondents type and choose the address of the building
that they have occupied. Second, they choose their occupied location in the building by inputting
the 3D spatial information [x, y, z] in the shape polygon of the building. After this process,
the occupant satisfaction survey of their location commences. The final responses and location
information completed and submitted by the respondents are saved in the database.

e  Visualization function. This function is accessed by the surveyor and respondents. To create a
3D visualization of the collected dataset, a free editable map, OpenStreetMap (OSM), and OSM
Buildings (3D building geometry data based on OSM), and API are used for the online map.
In addition, the Indoor3D API is used for the 3D space. OSM Buildings and Indoor3D are open
sources that provide a form that can be viewed directly in a web browser without having to install
any program to express 3D visualization. The data from the response database are displayed
in the dashboard, as shown in Figure 4. The dashboard service shows a building from a list
of buildings on which the survey was conducted and detailed information on the buildings.
In this figure, “User ID” means the K-BOSS’s user’s ID. “Survey ID means unique identification
number in the survey and “Building ID” means the number of the state, city, and town and
unique building number. Additionally, “Responses No” means the number of responses and
“Details” shows the details of survey results. Furthermore, the dashboard displays the state of the
surveyed buildings nationwide on a web-based GIS map and allows the entire list of buildings to



Sustainability 2020, 12, 9943 7 of 16

be downloaded to Excel. Building ID on the dashboard means building register code in the GIS
building-integrated information.

¢ mar

User ID Survey ID Building ID Responses No
kictpoe 3 41287.228534 2

nul 3 41287228535 15
kictpoe 3 4161000292520 3
kictpoe 3 11620- 1
kictpoe 3 11620- 1

Kictpoe 3 11620- 1

kictpoe 168 41287-228532 1

kictpoe 159 41287-228535 80

kictpoe 159 41287-230805 50

g
DOEECE0A0E

kictpoe 135 1123012286 12

Leaflet| Map data © VWORLD -

Figure 4. Dashboard screen.

2.4. User-Friendly Functions of K-BOSS

The first screen of this system on the website, as shown in Figure 5, contains the following user-friendly
functions: Q&A bulletin board, live chat, document and video clip manual, mobile application link,
interactive user guide design.

EraeT &LinkIt QaA

K-BOSS

KOREA BUILDING
OCCUPANTS SURVEY SYSTEM

START

-0)-

I Please leave a message

INTRODUCTION

Figure 5. First page of Korean Building Occupant Survey System (K-BOSS).
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The functions mentioned above are intended to provide a guide for various stakeholders who
can easily use the system as well as for researchers from an academic perspective. The details are
as follows:

o  Q&A: the Q&A bulletin board is for questions and answers on how to use the system between
different users and between users and administrators. Anyone can register inquiries and answers
regardless of membership registration. There is a button on the top right of the system. Questions
and answers are documented through the Q&A bulletin board for other mid-term users and
long-term users.

e Live chat: although the Q&A bulletin board has a history management function in the long
term, a live chat function is also applied to respond to immediate questions. Clicking the button
at the lower-right corner of the site opens the chat window and allows users to chat with the
administrator in real time. Through the live chat, a user can have a one-on-one conversation with
the administrator in the system. If users leave inquiries in the chat window, administrators can
view and respond to the chats not only on the web page but also on the mobile app. Anyone can
enter a live chat without membership. This live chat function is developed as an open source.

e  User manual: an instruction video and a document manual have been added to the first main
page of the system. The function of selecting the location in a building based on the GIS map
provided by K-BOSS is a new concept, so users may find it initially difficult to use this function.
Therefore, three video manuals are provided: “Selecting the location and number of floors in my

V77 ”

building”, “Checking my building on a GIS satellite map”, and “Registering photo information
so that users can conveniently use the system. In addition, the system is used by the building
managers as well as the occupants, so a manual for the administrators is added.

e  Mobile accessibility: the web-based survey system is not only used on the web but is also linked
to a mobile application in order to have the expandability to conveniently participate in the survey
anytime, anywhere. By clicking the messenger icon at the bottom right of the first webpage, a user
can share the page via a messenger application. Users with whom it is shared can access K-BOSS
and conduct surveys by clicking on the shared link in the messenger application.

e Interactive user guide design: the system has an interactive user guide design based on Introjs,
an open source that allows web and mobile developers to easily build a step-by-step introduction.
This open source is small, which is suitable for cost-effective systems. When clicking on the
question mark in each description, it highlights parts of the system as a guide.

2.5. Survey System Open Source and API Interaction Function

The K-BOSS was developed on the basis of WordPress, which has the most users in the world as an
open-source content management system. A system for administrators to create, edit, distribute surveys,
and for users to participate in the surveys was developed using WordPress’ plugin. The plugin is an
extension that allows the use of features that WordPress does not provide by default. The plugin can
be developed by the developer and installed on WordPress. The modified source code of the plugin
provides the survey function to search for an address, and then to select an occupant’s location in the
building through a map.

In addition, the system can provide its own data through API services to other survey systems.
Other survey systems can access the API from K-BOSS and retrieve data from our system. Three types
of data can be provided: user AP, building API, and response API The user API is the information
provided by the respondents who log in to use and respond to the survey, and response API represents
the detailed responses of the occupants who have participated in the surveys. Table 2 lists the details.
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Table 2. User application programming interface (API) and response API information.

USER API RESPONSE API
Column Name Description Column Name Description
(ID) (Table Primary Key) (ID) (Table Primary Key)

user_login User ID m_id Survey ID (ID of survey table)

user_pass User Password m_type Survey form (form of survey table)

user_name Username ip Survey respondent’s IP address

user_email User Email Address details Survey response history-questions and answers

user_url User Homepage Address info Survey respondent’s web browser UserAgent information

user_registered User Registration Time created_date Survey participation time

Building API represents the building data retrieved through the Open API from the National
Spatial Data Infrastructure Portal, which is a hub for the spatial information published by the Korean
government. This Open API uses a GIS building-integrated identification number as the primary key.
Among them, the following list in Table 3 is provided through the K-BOSS:

Table 3. Building API information.

BUILDING API
Column Name Description
GIS_IDNTFEC_NO GIS building-integrated identification number
Vector file structure used to store the location and attribute information of
SHAPE . .
the points, lines, and faces
SRC_OBJECTID Raw Figure ID of the continuous cadastral map defined in open DB
PNU Parcel Serial Number
LD_CPSG_CODE Administrative district code where the land is located
MNNM Identification value of the land (first section number)
SLNO Identification value of the land (second section number)
REGSTR_SE_CODE Special land code
BULD_PRPOS_CODE Building use code
STRCT_CODE Building structure code
AR Building area
USE_CONFM_DE Building use approval date
TOTAR Total floor area
PLOT_AR Land area
HG Height
BTL_RT Building-to-land ratio
MEASRMT_RT Floor area ratio
BULD_IDNTFC_NO Unique Building Identification number
VIOLT_BILD Violation of the building
REFRN_SYSTM_CNTC_NO Reference system linkage key
LAST_UPDT_DT Database date

3. Pilot Test

To evaluate the visualization in K-BOSS, pilot tests were conducted with developers and researchers.
Diverse and flexible parameters and questionnaires were created for K-BOSS. Specifically, we focused
on the fact that “occupant satisfaction” refers to an occupant’s subjective evaluation of the residential
conditions of a living space. Thus, the evaluations of occupant satisfaction must consider residential
environment factors. Many previous studies have classified residential environment factors in terms of
physical (climate, temperature, humidity), socio-cultural (geography, ethnicity, psychology), and economic
(costs) characteristics [62]. Among these parameters, IEQ, which requires a substantial amount of energy,
was found to have the greatest impact on residential satisfaction [63-66]. Thus, this pilot test prioritizes
the IEQ survey. Regarding the factors affecting the indoor residential environment studied in existing
literature, we identified thermal quality, acoustic quality, lighting quality, and indoor air quality as universal
factors affecting the indoor environment quality for evaluating the building’s performance [2,67-69].
Thus, this pilot test was performed with K-BOSS to collect information on four indoor environment
quality factors. The pilot test was conducted on a seven-point rating scale.
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The 3D screens, shown in Figure 6a,b, are visualizations obtained through the pilot test.
An M-shaped building in Goyang-si, Korea is shown on a background map and on a satellite
map. This building is a five-story building, and information regarding the number of floors is
automatically linked from the GIS building-integrated information. As it is difficult to identify the exact
floor height, it was assumed that each floor is three meters tall, and the building height is automatically
expressed on the map. In Figure 6c, the occupant satisfaction is expressed using small cubic colors
by responding to a survey on the IEQ for each floor of the building. The color red indicates that the
resident is extremely dissatisfied with the IEQ factors, orange color indicates somewhat dissatisfied
satisfaction, and yellow indicates moderate satisfaction. Since the color of the occupant satisfaction
level for each floor may not be visible, the building is highlighted in translucent gray.

(b) (c)

Figure 6. Three-dimensional spatial visualization (a) on a background map; (b) on a satellite map;
(c) on an indoor map.

Another pilot test was performed at the International Finance Center Seoul in Seoul city, Korea,
with 51 responses for the IEQ factors as shown in Figure 7. All the buildings in the map show the
average occupant satisfaction for the IEQ factors. The height of each building was automatically
visualized from Open API as described above. Regarding the IEQ factors, buildings with a high
occupant satisfaction are colored closer to green, whereas buildings with a low IEQ satisfaction are
indicated in red. In addition, a selection box under the map was added to show the average of all IEQ
factors and of each of the four factors. For instance, when clicking on the International Finance Center
Seoul building, the number of responses, 51, appears in a blue box. The average value of the IEQ
factors is expressed as total, and the average value of each of the four IEQ factors is displayed.
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Intenational Finance Center Seoul S

The number of responses : 51 '\ €

Total : 5.8

Thermal Comfort : 4.7
¢ Indoor air quality : 3.7

Lighting quality : 5.7

Acoustic quality : 6.3

@ Total O Thermal Comfort O Indoor air quality O Lighting quality (O Acoustic quality

Figure 7. Colorful building 3D visualization.

Specifically, the indoor visualization of the International Finance Center Seoul is as follows:
for each floor, when the respondents selected occupant satisfaction for the IEQ factors as an example,
the satisfaction level of the IEQ factors was expressed in color up to the 17th floor. Figure 8 shows the
average value of the IEQ factors for each floor. Figure 9 shows the satisfaction level on the first and
17th floors in color and the average value of each IEQ factor for each floor in the small box on the right.
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Figure 8. Building indoor visualization.
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Figure 9. International Finance Center Seoul indoor visualization: (a) first floor, (b) 17th floor.
4. Discussion

The difference between this platform and the existing online survey systems is that the survey
information is linked to the shapes on the map and the spatial information of the buildings provided
by the government. Since the system is linked in the API format, the map and building information of
the system are automatically updated when the data provided by the government are periodically
updated. This is different from other survey systems that only have a database of occupant feedback.
In addition, since this system emphasizes data visualization using GIS and 3D spatial information,
it helps to intuitively view information on occupant satisfaction in the buildings and on the map.
Specifically, while only the overall occupant satisfaction could be known for each building or floor in
other existing systems, this system provides a service that helps analyze specific satisfaction levels for
each occupied location by identifying the occupant’s x- and y-coordinate information. Furthermore,
while other systems with a 2D-based planar maps provide 2D information, our system provides 3D
information, so that both horizontal and vertical information of the building can be intuitively known.
For example, if an occupant is dissatisfied with the noise problem on the northwest side of the building
in each floor, it helps to conclude that there is a noise problem in the northwest direction.

This study also conducted a pilot test and showed cost-effective data visualization.
Light open-source libraries can help quickly load diverse functions such as rotation and zoom.
Since this system is flexible and changeable regarding the creation of new questionnaires of occupant
satisfaction, the IEQ factors can be customized on a 5-point or 7-point scale along with colors. A 3D
building was created with latitude and longitude coordinates similar to the polygon coordinate data of
the building. Accordingly, it is possible to provide the user with various types of visualization results
that can be switched between two dimensions and three dimensions. In other words, a building can be
automatically created with only polygonal latitude and longitude coordinates.

5. Conclusions

The paper summarized and analyzed the recent POE studies in view of the importance and
capabilities of a new occupant survey system based on GIS tools and open-source spatial information.
Furthermore, directions for future POE research reported in recent literature reviews were incorporated
in the occupant survey system with the following six categories: (1) from one-off to continuing, (2) from



Sustainability 2020, 12, 9943 13 of 16

high-level to detailed, (3) from researchers-oriented to owners/occupants-oriented, (4) from academia
to industry, (5) from independent to integrated, (6) design of a flexible survey system.

It is important to develop the Korean Building Occupant Survey System. Compared to the heavy
visualization system using BIM [40-43], this quick and cost-effective building occupant survey system
is expected to significantly reduce time and costs associated with similar systems. Most importantly,
this paper provides detailed used data and a framework development process on how to connect
3D spatial information, so that other developers can follow and use open sources such as OSM and
Indoor3D that are available in other countries.

In addition, the collected survey responses provide more intuitive insights for the owner and
occupants of the building with data visualization through a web-based survey system. In this
study, pilot tests were performed to confirm how 3D data visualization can be well displayed and
how well it can assist visual inspection intuitively. Therefore, with the 3D visualization function,
building managers and owners can check the building’s environmental performance in a short
time. Similarly, human resources personnel who wish to conduct a survey on the indoor environment
satisfaction of employees can check the employees’ feedback for their IEQ. From a long-term perspective,
it is expected that policymakers and planners can compare low and high building performance by
comparing neighborhoods, as shown in Figure 7, and thus the results of the system can be evidence for
helping propose regulations on building performance improvement [70].

However, studies on specific literature analysis and factor selection for the IEQ were not
conducted. Thus, it is necessary to conduct research on IEQ factors. In addition, we were unable
to suggest a direction for analyzing occupant satisfaction and the visualization displayed vertically.
Thus, future studies are needed to conduct a case study of occupants in an actual building to suggest a
direction for statistical analysis with 3D visualization.
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