
Journal of Computational Design and Engineering 6 (2019) 666–674
Contents lists available at ScienceDirect

Journal of Computational Design and Engineering

journal homepage: www.elsevier .com/locate / jcde
How do people explore a large concourse in university campus?
A computational analysis
https://doi.org/10.1016/j.jcde.2018.12.004
2288-4300/� 2018 Society for Computational Design and Engineering. Publishing Services by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of Society for Computational Design and
Engineering.
⇑ Corresponding author at: Division of Architecture & Urban Design, Incheon

National University, 119 Academy-ro Yeonsu-gu, Incheon 22012, Republic of Korea.
E-mail addresses: youngchulkim@kaist.ac.kr (Y. Kim), taewkim@inu.ac.kr

(T.W. Kim).
Youngchul Kim a, Tae Wan Kimb,⇑
aDepartment of Civil and Environmental Engineering, Korea Advanced Institute of Science and Technology, Republic of Korea
bDivision of Architecture & Urban Design, Incheon National University, Republic of Korea

a r t i c l e i n f o a b s t r a c t
Article history:
Received 27 August 2018
Received in revised form 13 December 2018
Accepted 23 December 2018
Available online 27 December 2018

Keywords:
Spatial analysis
Grid analysis
Concourse
GIS
Space syntax
Regression model
Large concourses have been developed in shopping malls, bus and train terminals, concert, theatre halls,
and other places where people stand or/and are in constant motion. This study aims to develop a novel
method to analyze people’s space use and navigation, demonstrate how people explore a large space,
specifically a concourse in a university, and determine relationships of space with people’s movements
and activities. By collecting empirical data of spatial uses in a large concourse and implementing a
method of spatial analysis based on spatial grids to analyze such data, this study seeks to verify how
effectively people’s movements and activities can be established in a large space and which features have
significant effect in developing and managing a large space. A total of 865 activities in 265 days were col-
lected and analyzed in a large space of a concourse in a university campus. By adopting a locational-based
method of geographical analysis, the proposed method effectively illustrated relationships of people’s
movement, activities, and satisfaction in visual and quantitative values. As a result, spatial features were
found to be significant elements in improving spatial satisfaction. Space environment performance,
spatial form, user capacity, equipment adequacy, and equipment conditions were major spatial features
considered for improving people’s satisfaction in a large space.
� 2018 Society for Computational Design and Engineering. Publishing Services by Elsevier. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Analyzing people’s movements in space has always been a chal-
lenge for developing and managing space. People’s movements
have been used to establish suitable areas for built environments
(Hillier, Penn, Hanson, Grajewski, & Xu, 1993), emergency exits
from given built environment (Kobes, Helsloot, de Vries, & Post,
2010; Tavares & Galea, 2009), arrangement of a given place as a
factor of movement and activities of people in that space
(Cheshmehzangi, 2015; Ewing & Handy, 2009), and so on. Whyte’s
classic documentary file illustrates how people occupy space in a
plaza and where they tend to move, stop, stand, or sit (Whyte,
1980). Since urban planners, designers, and policy makers use their
empirical analysis and findings to rearrange codes in building
places in cities, various studies have demonstrated empirical evi-
dence in developing and managing space in a built environment
for those who actually explore it (Cheshmehzangi, 2015; Ewing &
Handy, 2009; Hillier et al., 1993).

Assuming that a person stands in space as shown in Fig. 1, the
person in a narrow space on the left of Fig. 1 can opt to move
toward A or B or not move at all. On the other hand, the person
in a large space on the right of Fig. 1 can choose to move in any
direction of his/her choice or stay at that same spot. With a large
space, a person is free to move in any direction to explore the
space. Large concourses have been developed in shopping malls,
bus and train terminals, concert halls, and theatre halls where
many people stand and move constantly and simultaneously.
Ways in which people explore in such space play an important role
in people’s movement patterns in an emergency (Lo, Fang, Lin, &
Zhi, 2004; Ma et al., 2013; Tavares & Galea, 2009) and how the
space is used effectively. These could influence cost-saving or
profit-increase in facility management (Cenani & Gülen, 2007;
Heo, Choudhary, Bafna, Hendrich, & Chow, 2009). In this sense,
finding how people explore a large concourse could shed light on
how to develop and manage a large space.

Therefore, this study aims to develop a novel method to analyze
people’s space use and navigation, demonstrate how people
explore a large space, specifically a concourse in a university, and
determine relationships of space with people’s movements and
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Fig. 1. People standing in space.
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activities. To achieve these aims, we established the following
research questions: (i) where do people move in a large con-
course?, (ii) where do their activities take place in a large con-
course?, and (iii) how do these movements and activities
correlate to spatial characteristics of that space? A large concourse
in a university campus was chosen for this study. Empirical data
are essential for this study. By collecting empirical data of spatial
uses in a large concourse and implementing a method of spatial
analysis based on spatial grids to analyze such data, this study
seeks to verify how effectively people’s movements and activities
can be established in a large space and which features have signif-
icant effects when developing and managing a large space. This
study also seeks to expand geographical-analysis methods to ana-
lyze a large indoor space in a built environment.

2. Literature review

2.1. Behaviors, perceptions, and satisfaction in a building space

Architects and planners have been using occupants’ movement
behavior as a major factor for buildings’ design and construction as
a means to improve the performance of both buildings and people
who use them. Patterns of using the idea of occupants’ movement
as a factor are different depending on the degree to which occu-
pants’ movement is planned or controlled. If the main purpose of
a building is to produce goods or services and activities of occu-
pants are planned to make a certain sequence to maximize the pro-
duction such as healthcare facilities and factories, architects and
planners can use space configurations as a control to optimize peo-
ples’ movement (Heo et al., 2009; Stichler, 2008). If the main pur-
pose of a building is to serve multiple activities of autonomous
people that occur at their discretion without forming sequences
such as shopping malls and educational facilities, architects and
planners can predict peoples’ movement and plan space configura-
tions that can fulfill pre-determined building requirements accord-
ing to their prediction (Çağdas�, 2009; Cenani & Gülen, 2007).
Simulation is essential in the prediction of occupants’ movement.
In this context, this study aims to contribute to the latter type of
building development by providing empirical data on how auton-
omous people move in a large space to aid better prediction and
simulation of occupants’ movement.

Current models that simulate occupants’ movement have
shown limitations in accuracy and reliability due to the lack of
empirical data known to be useful for expounding and fine-
tuning occupants’ movement in these models. For example, Yan
and Kalay (2006) have modeled occupants as autonomous agents
who go through knowing, finding, seeing, and counting tasks to
perceive the built environment represented in cellular automata
and tested the model in a plaza (a large space) at a university cam-
pus located in the United States. Other researchers have adopted
this model to simulate occupants’ movement in a museum build-
ing (Çağdas�, 2009) or a shopping mall (Cenani & Gülen, 2007).
However, these models only considered collision and obstacle
related behavior while moving agents without the support of
empirical data measured in a scientific manner. Turner and Penn
(2002) have used visual information that virtual agents can capture
in a built environment to encode their movement. However, Wang,
Lo, Liu, and Kuang (2014) have noted that this model depends
heavily on space configurational information which is not easily
captured by an agent in a large open space.

Some people tend to feel (dis)satisfaction when they move to a
space and make use of the space in a built environment. Because
the feeling of (dis)satisfaction of people affects their work produc-
tivity (Vischer, 2007), many environmental psychology studies
have attempted to explain the relationship between ambient envi-
ronmental conditions (e.g., lighting, noise, indoor air quality, ther-
mal comfort) or building/space features (e.g., furniture, location,
access to specific rooms) and satisfaction (Frontczak et al., 2012;
Vischer, 2008). One typical approach is to see whole buildings as
units of analysis and analyze the relationship between features of
buildings and satisfaction of people who use these buildings
(Brager & Baker, 2009; Gonzalez, Fernandez, & Cameselle, 1997).
In addition, since the feeling of satisfaction is affected by various
factors including building features, this type of study considers
many factors simultaneously to statistically explain and predict a
feeling of satisfaction. For example, Qatari and Haran (1999) have
included environmental structure, staff attitude, consultation time,
and response to questions/inquiries by staff as potential determi-
nants for the satisfaction of users of healthcare facilities. Similarly,
Varni et al. (2004) have considered inclusion of family members,
staff’s technical skills, and communication skills as factors affecting
satisfaction of users in a children’s convalescent hospital. However,
such studies do not provide information about (dis)satisfaction of
people by specific space within a building. They can only offer
overall satisfaction of people at a building level.

Other types of studies see rooms or specific spaces that people
would use for conducting a single activity (e.g., having a meeting,
studying individually) as components of analysis to explain the
relationship between satisfaction of people and space features at
room level. For example, Frontczak et al. (2012) have conducted
a web-based survey to explore how office layout, office furnishing,
air quality, lighting, acoustic quality, cleanliness, and maintenance
factors might affect satisfaction of office users. Arneill and Devlin
(2002) have measured the perceived quality of care of various
physicians’ waiting rooms by showing pictures of rooms to people
and discussed what factors of rooms would determine their per-
ceived quality. Kim, Cha, and Kim (2016) have theorized a model
of space choice, rejection, and satisfaction in a university campus.
The model consisted of space, user, and equipment. The space fea-
ture consisted of space environment performance and spatial form.
The user feature consisted of user capability and locational acces-
sibility while the equipment feature consisted of equipment ade-
quacy and condition (Kim et al., 2016). These six elements in the
model of space choice, rejection, and satisfaction can help evaluate
space use and its satisfaction. Additionally, they can help illustrate
relationships between spatial features and satisfaction.

2.2. Analytical methods in space

Space syntax methods have been used to investigate the rela-
tionships between spatial features and people’s movements. The
theory of space syntax demonstrates networks of space segments
in a given built environment. A given space is divided into small
segments of convex shapes and a set of space segments that
include a network of space segments to demonstrate the topolog-
ical relationship between space segments as shown in Fig. 2 (Bafna,
2003; Hillier & Hanson, 1984; Jiang, 2006; Porta, Crucitti, & Latora,



(a) A hypothetical urban layout, (b) Space segments representing the urban layout, (c) Connectivity 

Fig. 2. Space-syntax analytic method in an urban layout.
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2006). Relationships between space features and people’s move-
ments have been widely investigated using various spatial analysis
methods. In a built environment including buildings and urban lay-
out, metric and topological methods are two popular approaches
that mainly interpret distances and connections in the built envi-
ronment. Space is a logical language with a set of space segments.
Analysis of space patterns can demonstrate logical relationships
between space features and activities in the space (Bafna, 2003;
Hillier et al., 1993; Jiang, 2006; Porta et al., 2006).

In particular, connectivity and integration as two representative
measures have been adopted to analyze spatial relationships
between space segments in a given space (Hillier et al., 1993). Mea-
sures of connectivity and integration demonstrate factors affecting
space regarding people’s movements within the space (Bafna,
2003; Hillier et al., 1993; Watts, Ferdous, Diaz Moore, & Burns,
2015; Wineman et al., 2014). The connectivity of a space segment
is defined as the number of other space segments connected to it
(Hillier & Hanson, 1984; Jiang, 2006).

Connectivyi ¼
X

j
Nij ð1Þ

where Nij ¼ 1 if the ith space segment is connected to the jth space
segment. Otherwise, Nij ¼ 0.

Therefore, the integration of a space segment is defined as a
degree of relational asymmetry (Foltête & Piombini, 2007; Hillier
& Hanson, 1984; Jiang, 2006). Given the kth space segment, the
mean depth (MD) from the kth space segment to the other space

segment in the spatial network is calculated as MD ¼ 1
n

PS
i¼1i� Si,

where n is the total number of space segment in the whole spatial
network, s is the total number of spatial depth in the whole spatial
network, and Si is the total number of space segments at the ith
spatial depth. The integration is calculated as below:

Integrationi ¼ Dn
ðn� 2Þ

2ðMD� 1Þ ð2Þ
where Dn ¼ 2fnðlog2
nþ2
3

� �� 1Þ þ 1g
ðn� 1Þðn� 2Þ

According to the space syntax theory, both the metrics of con-
nectivity and integration can be used to analyze space and its topo-
logical relations between space segments. Many empirical studies
have demonstrated that these metrics presented in space are
related to people’s movements, pedestrian frequency, accessibility,
and spatial features (e.g., Foltête & Piombini, 2007; Hillier et al.,
1993; Jiang & Liu, 2009; Jiang, 2006).

There is a lack of research that explains the relationship
between people’s satisfaction and space features in a large space.
Also, existing studies often assume that the causality between fac-
tors and satisfaction is symmetrical. For example, if an increase of
an environmental condition affects (dis)satisfaction to a certain
degree, a decrease of the environmental condition would affect
the (dis)satisfaction in the opposite direction to the same degree.
The present study intends to test this assumption of causal sym-
metry based on empirical data.
3. Methods

This study adopts a combined strategy of correlational and
qualitative methods to analyze people’s movements, activities,
perceptions, and satisfaction in space. Based on this combined
strategy, data on movements, activities, perceptions, and satisfac-
tion of people were collected in the form of a survey, converted
to digital data, and then analyzed in a geographic information sys-
tem (GIS) with a statistical analysis package. This combined strat-
egy demonstrated empirical evidence to illustrate space uses and
preferences, which are represented in movements, activities, and
spatial satisfaction. This study adopts Kim et al. (2016)’s model
of space choice, rejection, and satisfaction because the model con-
sists of specific elements in a built environment affecting people’s
preference for space. The model of space choice, rejection, and sat-
isfaction consist of three major features (i.e., space, user, and
equipment) and each major feature includes two elements: the
space feature consists of space environment performance and spa-
tial form; the user feature consists of user capability and locational
accessibility; and the equipment feature consists of equipment
adequacy and condition (Kim et al., 2016). This study seeks to find
a gap between the theoretical model and people’s actual behaviors
in space. A grid analysis method was adopted as a correlational
method. People’s comments and explanations about space were
categorized and analyzed qualitatively.
3.1. Grid analysis method for analyzing a large space

A grid analysis method was adopted to analyze various ele-
ments in space. Dividing space into a union of small spaces with
a fishnet grid enabled analysis of multiple variables in an efficient
way. A small square space on the grid was representative of each
space divided within the grid. Values at the small square space rep-
resented characteristics of the small space within the grid as
shown in Fig. 4. By using a geo-locational system (i.e., GIS), a grid
became a polygon in the GIS, and each polygon represented the
area within each polygon. Therefore, a center point in a polygon
represented its location and efficiently illustrated locational rela-
tionships with other points of polygons in grids. A large space in
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the concourse was converted to a union of small points within its
polygons. Since locational, geographical analyzed in a GIS were
conducted to investigate spatial relationships between elements
in an urban layout, these locational data and relationships were
also significant elements in analyzing space in a large area.

If a large concourse space in a built environment can be con-
verted to a union of polygons, researchers can adopt a geographical
analysis method to analyze space inside a building. The union of
polygons in a large indoor area also includes locational information
of small space in its building layout. Since GIS is widely adopted to
analyze geo-locational information in urban layout, it can also be
adopted to use spatial location and locational correlation in build-
ing space layouts. Geographical-analysis approaches could be
expanded to analyze a large space in a building.

According to Kim et al. (2016)’s theorizing a model of space
choice-rejection, space consists of multiple layers of spatial form,
environmental systems, user’s activities and movements, and fur-
niture and equipment. Space is also shaped and sized differently,
although it is limited to its boundaries such as walls. As seen in
Fig. 3, various elements in space can be categorized with multiple
layers. Each layer includes elements such as movements, activities,
and satisfaction, and its locations in space. Based on locations of
elements, a grid becomes a reference division to identify spatial
correlations between elements.

3.2. Procedures for analyzing a large space

To demonstrate the proposed method for analyzing a large
space, the authors collected, prepared, and analyzed the data. After
data analyses, findings were discussed and reviewed in terms of
whether the proposed method would be effective in illustrating
spatial characteristics and howmovements, activities, and satisfac-
Fig. 3. Grid analysis method for analyzing a large space.
tion correlate with spatial characteristics in a large concourse. A
large concourse in a university was selected for the case study as
shown in Fig. 4. This large concourse is a common area in a univer-
sity in Hong Kong where students, staff, and visitors explore. They
move around, stand, sit to work, or do other things. The large
indoor space is directly connected to the ground level. Stairs and
escalators are connected to other floors of the building.

Eighty-one university students (end users) participated in this
study. They recorded their movements and activities and explained
their evaluation and comments on ‘Good things about the space’
and ‘What to be improved or worked on’. These 81 students partic-
ipated for a total of 265 days. The total number of activities
observed and recorded was 865. The survey consisted of general
information, gender, time-use records, satisfaction, and comments
on where in the concourse participants spent more time, ‘Good
things about the space’, ‘What to be improved or worked on’, and
daily maps of where participants stayed and moved in the
concourse.

Collected survey data were digitized into two forms: drawing
and text files. Where participants stayed was a point and where
they moved was a polyline in the concourse plan. Each point and
polyline had participant’s name which was used to identify each
participant in the GIS. Fig. 5 illustrates participants’ movements
and Fig. 6 illustrates participants’ activities in the concourse. All
comments on ‘Good things about the space’ and ‘What to be
improved or worked on’ were also digitized into text files. Based
on the six elements of the model of space choice, rejection, and sat-
isfaction described in Section 2, their comments were checked to
identify which elements they mentioned. The following six ele-
ments were chosen as variables for analysis: (1) space environ-
ment performance, (2) spatial form, (3) user capability, (4)
locational accessibility, (5) equipment adequacy, and (6) equip-
ment condition.
Fig. 4. Concourse plan.



Fig. 5. People’s movements in the concourse.

Fig. 6. People’s activities in the concourse.

Fig. 7. Movement on the grid in the concourse.
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Space on the concourse was divided into grids of 1 by 1 m.
Based on the grid, a polygon of 1 by 1 m was set up to analyze
the space. First, for the given data including the plan and partici-
pants’ paths in the concourse, path counts on polygons, and the
connectivity and integration of polygons were calculated. Paths
were counted as movements in QGIS which was an open source
software geographic information system package. Connectivity
and integration were calculated in Depthmap, an open source
Space-Syntax software package. Fig. 7 illustrates the movements.
Fig. 8 illustrates connectivity and Fig. 9 illustrates integration in
the concourse. Second, according to locations of activities in the
concourse, a heat-map of activities was generated from the fre-
quency of activities on polygons. Third, variables (movement,
activity, satisfaction, space environment performance, spatial form,
user capability, locational accessibility, equipment adequacy, and
equipment condition) were analyzed to find their relationships
using a multiple regression method in MATLAB. These variables
included numerical counts and orders. A dummy variable of 0 or
1 indicated its existence. The variable of movement was the num-
ber of path counts. The variable of activity was the value on the
activity heat-map. The variable of satisfaction had a numerical
scale of 1 to 5. Spatial feature that each participant mentioned
on their chosen area was a dummy variable that took a value of
0 or 1 to indicate whether each of the following features was men-
tioned in the survey: space environment performance, spatial
form, user capability, locational accessibility, equipment adequacy,
and equipment condition. The following equation showed a multi-
ple regression method:

Satisfaction ¼ cþ a1x1 þ a2x2 þ � � � þ anxn

Correlation coefficient values were then calculated. For the mul-
tiple regressionanalysis,multi-collinearitywas examinedamong15
variables. These variables were selected, counted, and calculated.
They comprised three parts: physical attributes, activities, and per-
ceptions in a large concourse. Except for connectivity, 14 variables
were finally identified. According to the results of multi-
collinearity, the variable of connectivity was excluded for develop-
ing a model. These 14 variables were satisfaction, integration, con-



Fig. 8. Connectivity on the grid in the concourse.

Fig. 9. Integration on the grid in the concourse.

A 

B 

C 

Fig. 10. Activity heatmap on the grid in the concourse.

Y. Kim, T.W. Kim / Journal of Computational Design and Engineering 6 (2019) 666–674 671
nectivity,movements, activities, space environmental performance,
spatial form, user capability, locational accessibility, equipment
adequacy, and equipment condition of ‘Good things about the
space’, and ‘What to be improved or worked on’ in the data analysis.
4. Results

4.1. Human movements on the concourse

As shown in Fig. 7, two straight areas had higher values of
movements on both sides of the concourse. Areas around the wide
escalator at the middle and the area around the shop at the bottom
had the highest values of movement in the concourse. The top left
side also attracted a lot of movements. Although people moved on
both sides of the concourse, some areas appeared to attract more
movements in the concourse. As shown in Fig. 8, central areas were
highly connected to surrounding areas. The wide area in the mid-
dle of the concourse was also highly connected. However, areas
around the wide escalator in the middle and the shop at the bot-
tom were not well connected to the surrounding. Both sides
showed similar distributions of connectivity values in the
concourse.

As shown in Fig. 9, two straight spaces of high integration val-
ues existed on both sides of the concourse. Values of integration
of the center of the wide area in the middle of the concourse were
higher than values of the surrounding area in the middle of the
concourse. Both sides showed similar distributions of integration
values in the concourse. Areas behind the wide escalator and the
shop at the bottom showed low values of integration in the con-
course. According to relevant previous studies about movements
and integration (Watts et al., 2015; Wineman et al., 2014), integra-
tion was positive in affecting movement in a built environment.

4.2. Human activities in the concourse

Fig. 10 illustrates a heat-map of activities in the concourse. The
light red parts represented participant’s activities in the concourse
while the dark red area was where more activities occurred in the
concourse. Three areas were significant in the heat-map: A, at the
top left corner; B, at the area in the middle of the concourse; and C,
around the shop at the bottom of the concourse.

4.3. Satisfaction with the concourse

Table 1 shows the effects of the 14 variables on satisfaction with
the space in the concourse. Space environment performance



Table 1
Multiple regression analysis between satisfaction and spatial features.

Estimate SE tStat p-Value

(Intercept) 3.755 0.28354 13.243 1.9679e�35
Integration* �0.037715 0.022574 �1.6707 0.095282
Movements �0.0010738 0.0027612 �0.38887 0.6975
Activities �0.00078488 0.00199 �0.39441 0.69341
Good things about the space Space environment performance** 0.28659 0.073331 3.9082 0.00010324

Spatial form** 0.26922 0.076423 3.5228 0.00045842
User capacity 0.13044 0.080637 1.6176 0.10625
Locational accessibility 0.043673 0.083779 0.52128 0.60235
Equipment adequacy** 0.27092 0.076899 3.5231 0.00045793
Equipment condition 0.074532 0.11977 0.62228 0.53399

What to be improved or worked on Space environment performance** �0.46402 0.075533 �6.1433 1.445e�09
Spatial form** �0.34074 0.07661 �4.4477 1.0285e�05
User capacity** �0.29351 0.078794 �3.725 0.00021312
Locational accessibility �0.11923 0.1187 �1.0044 0.31557
Equipment adequacy** �0.19281 0.074286 �2.5955 0.0096694
Equipment condition** �0.29956 0.097861 �3.0611 0.0023009

Number of observations: 636. Error degrees of freedom: 620.
Root Mean Squared Error: 0.889.
R-squared: 0.149, Adjusted R-Squared 0.129.
F-statistic vs. constant model: 7.25, p-value = 7.82e�15.
** p-value < 0.05.
* p-value < 0.1.
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(p < 0.05), spatial form (p < 0.05), and equipment adequacy
(p < 0.05) were statistically significant in ‘Good things about the
space’ while space environment performance (p < 0.05), spatial
form (p < 0.05), user capacity (p < 0.05), equipment adequacy
(p < 0.05), and equipment condition (p < 0.05) were statistically
significant in ‘What to be improved or worked on’ in participants’
comments. Locational accessibility in both categories was found to
be statistically insignificant. Besides movement and activities, only
integration was statistically significant (p < 0.1) for satisfaction
with the concourse. Regarding satisfaction, these significant fea-
tures showed positive relationships with ‘Good things about the
space’ but negative relationships with ‘What to be improved or
worked on’. As shown in Table 2, a regression model of satisfaction
by a stepwise method was proposed. According to F statistics and P
values, the multiple regression model between satisfaction and
spatial features was statistically meaningful in explaining people’s
satisfaction in a built environment.

Satisfaction ¼ 3:8006� 0:4414� Integrationþ 0:289

� Spatial enviroment performance of Good things about space

þ 0:2801� Spatial form of Good things about spaceþ 0:262

� Equipment adequacy of Good things about space� 0:44468

� Spatial enviroment performance of What to be improved� 0:33569

� Spatial form of What to be improved� 0:29857

� User capacity of What to be improved� 0:1746

� Equipment adequacy of What to be improved� 0:28235

� Equipment condition of What to be improved

According to standardized coefficients shown in Table 2, spatial
environment performance, spatial form, and equipment adequacy
of ‘Good things about the space’ were the first, second, and third
most influential variables that positively affected satisfaction of
people in the large space concourse. Spatial environment perfor-
mance, spatial form, and user capacity of ‘What to be improved or
worked on’ were the first, second, and third most influential vari-
ables that negatively affected satisfaction of people in the large con-
course. Integration was the least influential one in the regression
model.
5. Discussion

While satisfaction is significantly affected by spatial features,
movement and activities in a concourse are affected by the number
of people in an area regarding whether they move or stay. Based on
such findings, this section discusses how movement, activities, and
satisfactionof people are related and their implications. First, people
tend to move to space with less movement andmore activities than
to space with a lot of movement. Second, regarding activities,
regardless of space conditions, people stay and perform certain
activities in the space. One situation would be an area that is large
andwell organized enough to accommodatemany people. This area
can be a spacious relaxing area or a table with chairs where people
spend their time in the large concourse. Another situation would
be that an area that is a necessity and important in people’s daily life.
It can be a shop or a café where people frequently stop by. Third,
regarding satisfaction, spatial features in the model of space choice,
rejection, and satisfaction can effectively illustrate the relationship
between satisfaction and spatial features. In particular, equipment
condition significantly affects negative spatial satisfaction such as
cleanness and maintenance of furniture in the area. Locational
accessibility is an insignificant feature since space in the concourse
is relatively easy to access as it is located in a large and open area.

The proposed method in this paper presents results that can
effectively identify spatial characteristics in a large concourse. It
identifies locations and relationships among various features in a
large area. Locational-based analysis can effectively illustrate
where people stay and move in a large area. Location is also useful
in putting various layers of features in the same location so that a
multiple regression method can be adopted to demonstrate rela-
tionships between layers of features.

To support the validity of using multiple regression method for
analyzing participants’ comments, we conducted text mining to
analyze narrative responses in the collected survey. People wrote
their perceptions and analysis in the survey. There were a total of
15,723words fromthese responders’ comments in the collected sur-
veys, including 7,979 words of ‘Good things about the space’ and
7,744 words of ‘What to be improved or worked on’. The authors
used a text mining method to count and reveal significant words.
The text mining method significantly reduced the time to analyze
all words and effectively selected significant words in the survey
as shown in Fig. 11 and Table 3. This work also supported findings
of the categorical analysis for the two groups of ‘Good things about
the space’ and ‘What to be improved or worked on’. The top five
words in ‘Good things about the space’ were space, provided, light-
ing, area, and student. The top fivewords in ‘What to be improved or
worked on’ were table, people, space, area, and lighting.



Table 2
Regression model of satisfaction by stepwise method.

Estimated coefficients SE tStat p-Value Standardized coefficients

(Intercept) 3.8006 0.26937 14.109 1.8845e-39 �7.7403e�16
Integration** �0.04414 0.021727 �2.0316 0.042617 �0.077515
Good things about the space Space environment performance** 0.289 0.071752 4.0278 6.3209e-05 0.15188

Spatial form** 0.2801 0.074903 3.7395 0.00020128 0.14132
Equipment adequacy** 0.262 0.0751 3.4887 0.00051934 0.13304

What to be improved or worked on Space environment performance** �0.44468 0.074378 �5.9786 3.7823e-09 �0.23344
Spatial form** �0.33569 0.076223 �4.4041 1.2493e-05 �0.16533
User capacity** �0.29857 0.07722 �3.8665 0.00012195 �0.14759
Equipment adequacy** �0.1746 0.073226 �2.3844 0.017403 �0.091265
Equipment condition** �0.28235 0.096882 �2.9144 0.0036914 �0.10933

Number of observations: 636, Error degrees of freedom: 626.
Root Mean Squared Error: 0.887.
R-squared: 0.144, Adjusted R-Squared 0.132.
F-statistic vs. constant model: 11.7, p-value = 4.51e�17.
** p-value < 0.05.

(a) ‘Good thing about the space’ (b) ‘What to be improved or worked on’

Fig. 11. Word clouds of ‘Good things about the space’ and ‘What to be improved or worked on’ in collected surveys.

Table 3
Word counts of ‘Good things about the space’ and ‘What to be improved or worked
on’ in collected surveys.

Rank Good thing about
the space

Counts What to be improved
or worked on

Counts

1 space 297 table 283
2 provided 286 people 251
3 lighting 251 space 213
4 area 208 area 197
5 student 193 lighting 170
6 table 190 provided 167
7 enough 188 noise 161
8 good 185 more 151
9 sufficient 174 student 148
10 people 166 use 138
11 sofa 146 socket 134
12 comfortable 135 place 116
13 seat 123 enough 115
14 location 119 sofa 105
15 use 119 seat 91
16 computer 117 computer 90
17 place 117 many 90
18 access 103 chair 85
19 quiet 102 small 85
20 easy 99 electricity 82

. . . . . .

Total word
counts

7,979 7,744
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6. Conclusions

The objective of this study was to investigate relationships
among satisfaction, movements, activities, and spatial features in
a large built environment and to establish a model of spatial satis-
faction with movement, activities, and spatial features. To do so,
this study developed an analysis method that adopts a
geographical-analysis approach with grid patterns in a GIS and
analyzed a concourse of a university in Hong Kong. A total of 81
university students participated in this study. Data on 865 activi-
ties in 265 days were collected and analyzed. By adopting a
locational-based, geographical-analysis method, movements and
activities were converted into locational elements in a concourse
space. We were able to demonstrate spatial satisfaction with a
regression model of space features. The proposed method effec-
tively illustrated relationships among movement, activities, and
satisfaction in visual and quantitative values. In particular, adopt-
ing a locational-based analysis normally used in geographical and
urban spaces was proved to be effective for analyzing an indoor,
enclosed space with a large area. The grid analysis method pro-
posed in this study was used to analyze a large space of an indoor
built environment although grid analysis method is not an entirely
new method in geographical analysis.

In this study, spatial features were significant elements in
improving spatial satisfaction. Space environment performance,
spatial form, user capacity, equipment adequacy, and equipment
conditions were found to be key spatial features that could
improve people’s satisfaction in a large space. While people moved
to where space was easily accessible, spatial satisfaction depended
on static conditions in the built environment. Independent of peo-
ple’s movements, activities, or satisfaction in a large concourse, the
number of people in a space segment played a significant role on
people’s activities in that given space segment. This study
demonstrates that people will move to where many people stand



674 Y. Kim, T.W. Kim / Journal of Computational Design and Engineering 6 (2019) 666–674
and perform certain activities while they will avoid areas where
many people move around. Regarding satisfaction in a large con-
course, spatial form and equipment adequacy are significant fea-
tures in improving positive satisfaction. Since a large concourse
is easily accessible, locational accessibility is not a significant fea-
ture affecting spatial satisfaction.

The proposed method in this study is expected to contribute to
the analysis of large space in buildings. Since a large space can be
viewed as a set of space segments, small specific areas can be
found during space planning and management. By adopting the
proposed, advanced method of geographical analysis for analyzing
a large space, we believe that architects and facility managers can
identify characteristics of spatial segments in a large space.
Although this study demonstrated relationships among satisfac-
tion, movements, activities, and spatial features, the proposed
model could only help improve spatial conditions in a university
concourse area. People might have different perceptions of their
satisfaction with public plazas, open outdoor playground, and
other spaces. In the future, we plan to continue to investigate peo-
ple’s satisfaction and preference to choose appropriate space to
explore their daily lives.
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