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The stay coefficient: a novel quantification of the relationship between stay
time and travel time for urban shopping behavior analysis

Takashi Yamada

Department of Human Factors Engineering and Environmental Design, Faculty of Biology-Oriented Science and Technology, Kindai
University, Wakayama, Japan

ABSTRACT

Shoppers typically want to spend an amount of time at a destination that is proportional to the
travel time required to arrive there; thus, the travel time can be considered the cost of their trip.
This is likely to be the case across regions with different urban structures and cultures. The
purpose of this study was therefore to analyze the shopping behaviors contained in travel
survey data from three metropolitan areas in Japan to identify common patterns and indicators
based on travel time and stay time, thereby obtaining an understanding to inform future trade
area analyses. Both the travel time and stay time associated with shopping behavior were
found to be log-normally distributed regardless of metropolitan area, and four shopping
behavior patterns common among the metropolitan areas were identified. The “stay coeffi-
cient” was then defined to express the elasticity of stay time according to travel time, and its
values were similar according to shopping behavior pattern regardless of metropolitan area.
The stay coefficient proposed in this study can therefore be applied to identify shopping
behavior patterns in any urban area based on the relationship between travel time and stay
time, realizing a novel approach to the analysis of and marketing for trade areas when planning
the construction or renovation of commercial facilities. This approach can help inform the
decisions of urban policy makers, marketing advisors, and commercial facility operators, and
should be of interest to researchers and practitioners working with geospatial, shopping, and
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other human behavioral characteristics.

1. Introduction

Travel survey data contain of hundreds of thousands
of data points for a single metropolitan area.
Processing such a large quantity of data requires
a great deal of time, and the same analysis approach
is rarely applied across multiple metropolitan areas.
The purpose of this study was therefore to address the
need for an expedient, widely applicable method for
analyzing shopping behavior using travel survey data
from multiple metropolitan areas in Japan. The results
reveal new characteristics of shopping behavior by
quantitatively analyzing the relationship between the
travel time to a destination and the time spent there.
Thus, the objective of this study was to obtain an
understanding of shopping travel behavior that can
not only be used throughout metropolitan areas in
Japan, but also around the world.

At present, visitor stay time in existing commercial
facilities can be quantified relatively easily using shop-
per surveys conducted by facility managers, records of
entry and exit times, or camera-based behavior ana-
lyses. Facility managers can also calculate the expected
visitor stay time when developing a facility based on its
size, type, and provided service. If it were possible to
derive the travel time from a visitor’s home to a given

facility based on this calculated stay time, area market-
ing or trade area analyses of that facility could also be
performed during development by incorporating the
stay time into the existing spatial interaction model.
As a result, the primary focus of this study was to
derive the relationship between travel time and stay
time for urban shopping behavior. This relationship
can be applied to inform a better understanding of
shopping behavior characteristics and replace the use
of existing complex models that can only be under-
stood by specialized researchers, thereby enabling
community-level regional and store planning; this
should be of interest to behavioral researchers, urban
policy makers, marketing advisors, and commercial
property operators alike. Ultimately, the analysis of
shopping behavior patterns conducted in this study
using a “big data” set comprising travel survey
responses contributes to research in the field of loca-
tion intelligence by providing useful, accessible
insights supporting the trade area analysis process
typically undertaken when planning a commercial
facility.

The remainder of this paper is organized as follows.
First, the relevant research is reviewed in Section 2.
Then, Section 3 introduces the methodology applied
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in this study and Section 4 presents the results, fol-
lowed by a discussion in Section 5. Finally, the con-
clusions are presented in Section 6.

2. Literature review

Shopping behavior has been widely studied in various
countries. This literature review specifically addresses
the findings of studies related to travel time and stay
time, which constitute the subject of the present study.
Schwanen (2004) analyzed the determinants of shop-
ping time using data from the Dutch national travel
survey and found that more time tended to be spent
on single shopping trips in urban environments than
in suburban or rural environments. Studying shop-
ping malls in Mumbai, Meena, Patil, and Mondal
(2019) stated that travel time played an important
role in transportation choice behavior. Lundevaller
(2009) used Swedish travel survey data to analyze
how travel costs affect the frequency of recreation
and shopping, finding that the impact of changes in
travel costs can be measured using elasticity estimates.
Yamada and Hayashida (2020) analyzed the relation-
ship between stay time and travel time for shopping
behavior in Japan using data from the 2000
Keihanshin metropolitan area travel survey (corre-
sponding to the Kinki metropolitan area in this
study). In a study using field data describing shopping
routes and purchases at a large supermarket in the
eastern United States, Hui, Bradlow, and Fader
(2009) found that consumers were more likely to
shop and buy when they spent more time in the
store. Similarly, in a study of shopping malls in
China, Li et al. (2021) stated that increased shopping
duration led to an increase in the amount of money
spent by customers.

Previous studies employing travel surveys of urban
populations in Japan include comparisons and ana-
lyses of travel surveys from different countries, var-
ious travel and shopping behavior models, and
assorted commercial facility trade area aspects.
Sakai (2007) reviewed the implementation and utili-
zation of travel surveys in France, Germany, the
United States, the United Kingdom, and Japan.
Shimazaki et al. (2009) analyzed travel survey data
for the Tokyo metropolitan area in Japan and found
that the correlation between population data, time
of day, and the number of stores effectively explained
store locations. Kagawa (1972) analyzed the trade
areas of department stores and supermarkets in
Hiroshima City, Japan based on their floor space.
Furthermore, Suzuki et al. (2012) analyzed the char-
acteristics of pedestrians who remained in the city for
a long time and observed that people who went to the
city without a purpose tended to stay longer and take
breaks or eat and drink more often. In addition,
a study by Okada, Yoshida, and Kashihara (1970)
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investigated the length of stay (or service time) and
obtained its probability distribution for various facil-
ities such as libraries, shopping centers, zoos, amuse-
ment parks, museums, and exhibition halls.
A number of literature reviews (De Pascale,
Meleddu, and Abbate 2021; Jing et al. 2018; Lau
1995; McCarthy et al. 2017; Oh et al. 2018; Rasouli
and Timmermans 2014; Wang and Zhou 2017;
Zhang et al. 2012) have been published summarizing
various travel survey studies to inform urban plan-
ning and transportation policies. Travel surveys from
various regions have also been analyzed to derive
different travel and transportation demand models
(Nielsen, Mulalic, and Christiansen 2016; Omer
et al. 2010; Salon and Aligula 2012; Toole-Holt,
Polzin, and Pendyala 2005; Verma et al. 2018) and
explore health correlations (Merom et al. 2010;
Shirgaokar et al. 2020; Taniguchi, Sasaki, and Sasaki
2018; Wesolowski et al. 2014). More recently, travel
behavior has been studied through activity-based
models (Garrett 2014; Hafezi, Millward, and Liu
2018), which use travel survey data to model travel
behavior and identify clusters of activity patterns
according to personal attributes (Millward, Hafezi,
and Daisy 2019; Daisy, Liu, and Millward 2020;
Daisy, Millward, and Liu 2020; Hafezi et al. 2021).

However, few studies in the literature reviewed by
the author have focused on the correlation between
the travel time to a destination and the stay time at
that destination; only a case study by Yamada and
Hayashida (2020) analyzed this correlation in
a single metropolitan area. However, as it is unclear
whether their analysis would yield similar results in
other metropolitan areas, this correlation should be
analyzed in multiple metropolitan areas.

3. Methodology
3.1. Study area

Today, Japanese cities are confronting issues asso-
ciated with population decline, regional revitalization,
and the realization of environmentally friendly com-
pact cities. Japan’s population grew quickly after
World War II until a period of rapid economic growth
beginning in the early 1970s, when the population
flowed into urban areas. The total population of
Japan peaked at 128.08 million in 2008, and then
began to decline. According to the Ministry of Land,
Infrastructure, Transport and Tourism (2021a),
Japanese cities are currently striving to realize envir-
onmentally friendly compact forms to prepare for
impending population decline. Indeed, supermarkets
and stores in regional cities are already finding it
difficult to maintain their operations owing to declin-
ing consumer demand associated with depopulation.
However, while residential populations and
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Figure 1. Analysis target areas.

commercial sales are declining in urban centers, large-
scale commercial facilities are expanding on former
factory sites and in suburban areas.

The analysis of shopping behavior in this study was
conducted in the three major Japanese metropolitan
areas shown in Figure 1. The Tokyo metropolitan area
comprises the capital city of Japan, Tokyo, and four
neighboring prefectures. The Chukyo metropolitan area
comprises four neighboring prefectures, including Aichi
Prefecture, which has the second largest economy (in
terms of gross domestic product) after Tokyo and
Osaka Prefecture. The Kinki metropolitan area comprises
five neighboring prefectures, including Osaka Prefecture.

3.2. Survey data

Since the first full-scale person trip survey (hereafter
referred to as the “PT survey”) was conducted in the
Hiroshima metropolitan area in 1967, PT surveys have
been conducted every ten years in metropolitan areas
throughout Japan - typically by the Transportation
Planning Council of each metropolitan area. The PT
survey is synonymous with the travel survey (Bricka
2021), which informs an understanding of “who is travel-
ing, for what purpose, from where to where, at what time
of the day, and by what means of transportation,” and is

[ Tokyo metropolitan area
Tokyo, Kanagawa, Chiba,
Saitama, and Ibaraki prefectures

[MChukyo metropolitan area
Aichi, Gifu, and Mie prefectures

[T Kinki metropolitan area
Osaka, Shiga, Kyoto, Hyogo, Nara,
and Wakayama prefectures

N
A 0 200 400km
[ R S

used to elucidate the current status of urban transporta-
tion, forecast future transportation demand, and create
urban transportation master plans (Ministry of Land,
Infrastructure, Transport and Tourism 2021b).
Invitations to participate in PT surveys are distributed
to households in Japan by mail, and respondents are
asked to complete a paper survey form. Respondents
provide their sex, age, occupation, and place of residence,
and for a specified 24-hour period on a specified day, they
indicate their address of departure, time of departure,
address of arrival, time of arrival, purpose of travel, and
mode of transportation.

Table 1 summarizes the PT survey data used in this
analysis, which consisted of weekday data from the
2008 Tokyo, 2011 Chukyo, and 2010 Kinki metropo-
litan area PT surveys. The “number of total person
trips” in Table 1 is the total number of person trips
undertaken in a single day: 587,434 for the Tokyo
metropolitan area, 200,916 for the Chukyo metropo-
litan area, and 808,794 for the Kinki metropolitan
area. Since these PT surveys examined travel behavior
over the full course of a single day, the survey data
include stopover shopping behavior such as a route
from home to work, from work to a shopping location,
and from a shopping location to home. In order to
analyze only the shopping behaviors consisting of pure



Table 1. Summary of survey data.
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Survey data Tokyo metropolitan area PT survey

Chukyo metropolitan area PT survey

Kinki metropolitan area PT survey

Survey year 2008
Number of total person trips 587,434
Target data

2011 2010
200,916 808,794

Weekday shopping behaviors

Routes not including stopover behaviors (home — shopping place = home only)

Number of target person trips
Survey items

61,337

11,498 11,773

Age, sex, occupation, transportation means, departure time, travel time, travel distance, and duration of time at the

destination

The Tokyo metropolitan area includes Tokyo Metropolis, all of Kanagawa, Chiba, and Saitama prefectures, as well as part of Ibaraki Prefecture. The Chukyo
metropolitan area includes Aichi, Gifu, and Mie prefectures. The Kinki metropolitan area includes Osaka, Shiga, Kyoto, Hyogo, Nara, and Wakayama

prefectures.

travel time to and stay time at the destination and
exclude other travel purposes, this study targeted
behaviors following a direct route from home to
a shopping destination and from a shopping destina-
tion to home. If stopover shopping behavior was
included in the study data, the primary purpose of
the travel behavior, such as going to work, would be
mixed in with secondary shopping behavior, making it
difficult to analyze the latter alone. Furthermore, as PT
surveys do not capture travel priorities, the primary
purpose of travel behavior can only be determined for
direct trips, such as those from home to a shopping
destination as considered in this study.

To focus on these target data, a program written in
Microsoft Excel using Visual Basic for Applications
extracted all person trips for which the starting coordi-
nate was home and the purpose of travel was shopping,
and the purpose of travel was returning home after
staying at the shopping destination for more than
one minute. After this data extraction, the target data
set included 61,337, 11498, and 11,773 person trips in
the Tokyo, Chukyo, and Kinki metropolitan areas,
respectively. The travel times, travel distances, and
time spent at the destinations were calculated from the
survey data, and the corresponding age, gender, occu-
pation, means of transportation, and departure time
were extracted. Note that as the type and size of the
establishments where the shopping behavior took place
were not included in the survey data, the considered
shopping destinations included all types of commercial
establishments from small retail stores to large shop-
ping malls. Therefore, the widest possible picture of
shopping behavior was obtained in this study by con-
sidering all survey responses listing the purpose of travel
as “shopping” in the analysis.

3.3. Analysis methods

In this study, shopping behavior was analyzed accord-

ing to metropolitan area, pattern, and stay coefficient.

(1) Shopping behavior according to metropolitan
area

The shopping behavior in each metropolitan area was
classified based on aggregate data. A chi-square test was
conducted on the extracted data describing person

attributes and shopping behavior and the results were
analyzed for significant differences between metropolitan
areas. Furthermore, the overall trend of the extracted data
was ascertained based on the aggregate graphs. Next, the
distributions of travel time, length of stay, and ratio of
stay time to travel time were obtained and subjected to
the Kruskal - Wallis test to determine whether significant
differences were found among their relationships.

(2) Shopping behavior patterns

A cluster analysis was used to analyze shopping behavior
patterns in each metropolitan area by classifying objects
into groups characterized by similar values within a set of
variables (Vandeginste et al. 1998). The cluster analysis
conducted in this study used a nonhierarchical k-means
method to classify patterns for each metropolitan area
using departure time, travel time, and stay time as vari-
ables. After evaluating the use of three to five typological
clusters, four clusters were applied to explain the shop-
ping behavior patterns in each metropolitan area as this
resulted in a significance of p < 0.05 for all variables.

(3) Stay coefficient

If either travel time or stay time can be derived from the
other, a facility manager can establish the travel time
(visitor’s sphere) by assuming or investigating the user’s
stay time at the location where the shopping activity takes
place. Conversely, if the travel time is estimated or sur-
veyed at the location where the shopping activity takes
place, the visitor stay time at that location can be deter-
mined. Thus, the relationship between travel time and
stay time was analyzed using a regression analysis to
obtain the stay coefficient.

4, Results

4.1. Shopping behavior according to
metropolitan area

The extracted shopping behavior data are summarized
in Figure 2. When subjected to the chi-square test,
these summary distributions all exhibited p <0.001,
indicating that significant differences in shopping
behavior existed among the three metropolitan areas.
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Figure 2. Aggregations of extracted shopping behaviors when undertaking shopping trips according to metropolitan area in terms
of: (a) Sex, (b) Age, (c) Occupation, (d) Means of transportation (multiple responses allowed), (e) Departure time, (f) travel time
(one-way average), (g) Travel distance (one-way average and straight-line distance calculated by coordinate), and (h) Stay time.

However, several overall trends were common to all ~ proportions of “Employed,” “Homemaker,” and
metropolitan areas: sex was dominated by “female”  “Unemployed” were consistently high (Figure 2(c)).
shoppers (Figure 2(a)), there were many “40s-50s”  These results reflect the fact that the survey data cap-
and “60s or older” shoppers (Figure 2(b)), and the  tured weekday shopping activity consisting of round



trips from home, as well as differences in the employ-
ment rates of males, females, and different age groups.
The means of transportation reflects the forms of
transit used along each travel route and includes mul-
tiple responses (Figure 2(d)); the distributions of
transportation forms differed according to metropoli-
tan area, possibly reflecting the fact that the Tokyo
metropolitan area has a higher population density and
more public transportation options than the other
areas. The departure times were mostly during the
daytime (Figure 2(e)), and approximately 70% of tra-
vel times were less than 15min in all metropolitan
areas (Figure 2(f)). The travel distance in the Chukyo
metropolitan area tended to be shorter than those in
the other areas (Figure 2(g)). Finally, each stay time
range accounted for 10% to 30% of the overall distri-
bution (Figure 2(h)).

Next, the distributions of travel time, stay time, and
the ratio of stay time to travel time were obtained to
determine the relationship between travel time and
stay time, with the results shown in Figure 3. A large
percentage of travel times were in the range of 5-10
min (Figure 3(a)), and most respondents stayed for
20-30 min (Figure 3(b)); the stay time to travel time
ratios were mostly in the 1-2 and 2-3 ranges
(Figure 3(c)); and all three figures exhibit a similarly
shaped log-normal distribution of data. The Kruskal -

40% p— .
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Wallis test was conducted on the data in Figure 3 to
compare the medians of three or more groups that do
not follow a normal distribution; no significant differ-
ence was found among the metropolitan areas (p >
0.05). Figure 4 shows the distributions of travel and
stay times; note that as the travel time or stay time
increases, the other tends to increase as well.

4.2. Shopping behavior patterns

Shopping behavior patterns were defined using the
departure time, travel time, and stay time as variables.
Data for the “unknown/other” occupation were
excluded from this analysis. All independent variables
showed p < 0.001 (Figure 5 and Table 2). Four clusters
were created using a nonhierarchical cluster analysis:
“Early departure and home surrounding type,” “Early
departure and long trip type,” “Early departure and
long stay type,” and “Late departure and home sur-
rounding type.” The naming of these clusters is the
same as that applied by Yamada and Hayashida
(2020), who analyzed shopping behaviors in a single
metropolitan area. The “Early departure and home
surrounding type” is characterized by an early depar-
ture time, short travel time, and short stay at the desti-
nation; the “Early departure and long trip type” is
characterized by an early departure time and long travel
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Figure 3. Aspects of undertaken shopping trips according to metropolitan area: (a) Distribution of travel time, (b) Distribution of

stay time, and (c) Distribution of stay time/travel time ratio.



50 (&) T.YAMADA

7 7 7 —~
s | ‘ . ‘

Z s L i ‘ e
g oo ‘ é 3 ‘ é
= 5 § 1 5 ] il e | 5 °
_ 3 — q ¥ =
) & i . g i H N A )
E 4| i R e £4 -
> i o 7 . 4 : S
n 3 ] €D 3 . » 3
E ] £ sk E

2. 21— 2 .

H o fea RERI
1 f—=p ‘ 1 1
0 0 0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
In(Travel time (one-way average)) (min.) In(Travel time (one-way average)) (min.) In(Travel time (one-way average)) (min.)
(a) ) ©

Figure 4. Distributions of travel and stay times on a natural log scale in the (a) Tokyo, (b) Chukyo, and (c) Kinki metropolitan areas.
Note that transparency is assigned to each point according to data concentration, with darker points indicating a larger quantity of
data.
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Figure 5. Shopping behavior pattern clusters in the (a) Tokyo, (b) Chukyo, and (c) Kinki metropolitan areas.

Table 2. Number and percentage of cases in each cluster.

Early departure and home Early departure and long trip Early departure and long stay Late departure and home
Area surrounding type type type surrounding type
Tokyo 25,484 (42.43%) 7,006 (11.66%) 2,101 (3.50%) 25,472 (42.41%)
Chukyo 5913 (52.30%) 337 (2.98%) 753 (6.66%) 4303 (38.06%)
Kinki 4531 (38.58%) 49 (0.42%) 969 (8.25%) 6196 (52.75%)

The cluster analysis reported in this table excluded the “other/unknown” occupation.

time to the destination; the “Early departure and long  characterized by a late departure time, short travel
stay type” is characterized by an early departure time,  time, and short stay at the destination. The Tokyo
long travel time, and long stay at the destination; and ~ metropolitan area and the Chukyo metropolitan area
the “Late departure and home surrounding type” is  had many trips in the “Early departure and home



surrounding type” and “Late departure and home sur-
rounding type” clusters, but the Kinki metropolitan
area had the largest number of trips in the “Late depar-
ture and home surrounding type” cluster (Table 2).

4.3. Stay coefficient

The relationship between the independent and depen-
dent variables was analyzed by a multiple regression
analysis using sex, age, occupation, means of transpor-
tation, departure time from home, and travel time from
home to the destination as independent variables and
stay time at the destination as the dependent variable.
The travel distance was excluded from the list of inde-
pendent variables because it can be directly correlated
with travel time. Because there is no clear linear rela-
tionship between the independent variables and the
dependent variable, both travel time and stay time
were transformed into logarithms. This logarithmic
transformation yielded the rate of change (elasticity)
of the stay time in relation to the travel time. Next,
sex, age, occupation, means of transportation, and
departure time were transformed into dummy variables
in the regression analysis. As shown in Tab. 3, all results
were above R* = 0.9, indicating that the obtained corre-
lation had a high degree of accuracy. Urban shopping
behavior is thus proposed to have a “stay coefficient”
determined by the relationship between the logarithms
of travel time and stay time, expressed as a nonstandard
regression coefficient (B) given by

B = In(stay time) /In(travel time) (1)

In the case of the three Japanese metropolitan areas
analyzed in this study, the average value of B was
approximately 1.5 (Table 3). Thus, a 1% increase in
travel time will result in an approximately 1.5%
increase in stay time. For example, when travel time
increases from 100 minutes to 101 minutes (+1%), the
stay time increases from 150 minutes to 151.5 minutes
(+1.5%). This positive relationship between travel time
and stay time means that visitors can be attracted from
distant areas by facilities warranting a long stay time.
However, it is assumed that the value of B will vary
depending on the unique social and cultural attributes
of a city or nation. Furthermore, because this study
focused on the travel time and stay time to analyze
their relationship, the resulting model does not
account for the type of shopping facility or the type
of shopping activity at that facility; reflecting this

Table 3. Relationship between travel time and stay time.
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information in the model would be difficult at this
time because it is not collected by the PT survey.

Next, the strengths of the relationships between the
independent variables and stay time were determined
and expressed in terms of the standard regression
coefficient 3 (Table 4). In all metropolitan areas, the
B value for travel time was the highest, indicating that
changes in travel time had the greatest impact on
changes in stay time. The 8 values for departure time
were also consistently high. Table 5 shows the rela-
tionship between travel time and stay time for each
shopping behavior pattern. In all metropolitan areas,
the B values for the “Early departure and home sur-
rounding type” and “Late departure and home sur-
rounding type” were between 1.4 and 1.5. Table 2
shows that these two shopping behavior patterns
accounted for the majority of trips and thus heavily
contributed to the overall stay coefficient. On the other
hand, the “Early departure and long trip type”
describes people who shop even if it takes a long
time to get to their destination, whether because
there are no places to shop nearby or because some
highly attractive destinations sell items that are not
available at nearby stores; hence, the B values for this
trip type were all considerably less than 1.5. Notably,
the “Early departure and long stay type” exhibited
a relatively wide range of B values from 1.4 to 2.0.

5. Discussion

In this study, the relationship between travel time
from home to a shopping destination and the stay
time at that shopping destination was analyzed to
quantify shopping behavior in three different
Japanese metropolitan areas. As a result, the “stay
coefficient” was derived to serve as a common index
enabling comparison among different cities assum-
ing that the basic characteristic of increasing stay
time with increasing travel time is consistent across
metropolitan areas. Once the stay coefficient is deter-
mined for a particular city, the manager of
a commercial facility can calculate the average travel
time from a visitor’s home to the facility based on
the anticipated stay time, allowing them to deter-
mine that facility’s trade area. In addition, local
governments and commercial facility advisors can
use this information to help businesses ensure that
they are planning their facilities appropriately.
However, note that the stay coefficient is thought to

Regression analysis Variable B Significance probability VIF

Tokyo (R* = 0.916) Travel time (min) (In) 1.503 0.957 i 1.000
Chukyo (R? = 0.933) Travel time (min) (In) 1.506 0.966 il 1.000
Kinki (R? = 0.922) Travel time (min) (In) 1.453 0.960 ¥k 1.000

B is the nonstandard regression coefficient (stay coefficient), § is the standard regression coefficient, VIF is the variance inflation factor, R%is the

adjusted coefficient of determination, and *** indicates p < 0.001.
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Table 4. Relationship between all variables and stay time.

Regression analysis Variable B B Significance probability VIF
Tokyo Male (D) 0.020 0.002 * 1.671
(R* = 0.948) 10s (D) 0.005 0.000 - 5.101
20s-30s (D) 0.159 0.018 il 1.672
40s-50s (D) 0.171 0.025 el 2.145
Employed (D) 0.385 0.051 rx 2404
Student (D) 0.419 0.021 bl 5.215
Homemaker (D) 0314 0.054 wx 3.561
Walking (D) 0.282 0.053 *x 3.585
Bicycle (D) 0.354 0.052 il 2.364
Motorcycle (D) 0.329 0.011 *rx 1.061
Car (D) 0.419 0.059 il 2.395
Bus/Taxi (D) 0.152 0.010 bl 1.189
12 am-6 am (D) 1.594 0.013 il 1.012
6 am-12 pm (D) 1414 0.232 Frx 5.312
12 pm-6 pm (D) 1.283 0.238 *xx 6.020
Travel time (min) (In) 0.729 0.464 il 9.847
Chukyo Male (D) 0.008 0.001 - 1.658
(R* = 0.961) 10s (D) —-0.166 —0.005 - 4.785
20s-30s (D) 0.099 0.011 *xx 1.576
40s-50s (D) 0.098 0.015 bl 2.101
Employed (D) 0.236 0.030 rx 2315
Student (D) 0.468 0.016 bl 4.840
Homemaker (D) 0.216 0.039 wx 3.689
Walking (D) 0.238 0.033 *x 2.139
Bicycle (D) 0.415 0.051 il 2.041
Motorcycle (D) 0.562 0.014 *rx 1.044
Car (D) 0.601 0.126 il 5.813
Bus/Taxi (D) 0.223 0.010 bl 1.130
12 am-6 am (D) 1.082 0.009 il 1.016
6 am-12 pm (D) 1.455 0.275 Frx 8.141
12 pm-18 pm (D) 1.331 0.228 *xx 6.613
Travel time (min) (In) 0.677 0.434 el 11.779
Kinki Male (D) 0.110 0.017 i 1.884
(R* = 0.954) 10s (D) 0.372 0.027 bl 8.874
20s-30s (D) 0319 0.039 *xx 2.050
40s-50s (D) 0.288 0.049 *x 2.730
Employed (D) 0.405 0.070 rx 3434
Student (D) 0.232 0.016 ** 8.936
Homemaker (D) 0.364 0.052 wx 2.596
Walking (D) 0.299 0.062 *x 2.683
Bicycle (D) 0.272 0.048 il 1.994
Motorcycle (D) 0.258 0.015 *rx 1.087
Car (D) 0.349 0.063 il 2.400
Bus/Taxi (D) 0.171 0.009 b 1.077
12 am-6 am (D) 1.404 0.012 il 1.008
6 am-12 pm (D) 1.071 0.133 bl 2.466
12 pm-18 pm (D) 0.934 0.200 *xx 4.532
Travel time (min) (In) 0.745 0.493 il 8.641

Note: In this table, B is the nonstandard regression coefficient (stay coefficient), 8 is the standard regression coefficient, VIF is the variance inflation
factor, R? is the adjusted coefficient of determination, *** indicates p < 0.001, ** indicates p < 0.01, * indicates p < 0.05, and (D) is a dummy variable.

Table 5. Relationship between travel time and stay time according to shopping behavior pattern.

Regression Early departure and home Early departure and long Early departure and long Late departure and home
analysis surrounding type trip type stay type surrounding type
Tokyo B 1.571 1.255 2.040 1.536

R 0927 0.964 0.919 0916
Chukyo B 1.507 1.133 1.729 1.521

R? 0.935 0.967 0.963 0.932
Kinki B 1.436 0.937 1.431 1.498

R 0.924 0.963 0.951 0915

In this table, B is the nonstandard regression coefficient (stay coefficient), R?is the adjusted coefficient of determination, and the bold numbers indicate the
maximum values for each trip type in each metropolitan area.

vary depending on area residents’” perception of tra-
vel time as a cost and stay time as a reward rather
than on factors such as the road network, public
transportation system, or automobile usage. In
other words, the value of the stay coefficient will
vary depending on the culture and social structure,
regional characteristics of shopping behavior, and
time spent shopping in a day.

The relevance and usefulness of the stay coefficient
can be discussed in relation to existing representative
models of shopping behavior. There are two well-
known spatial interaction models: Reilly’s (1931) grav-
ity model and Huff's (1963) potential model. In
Reilly’s model, the attraction of a shopping area is
proportional to the population of the city and inver-
sely proportional to the square of the travel distance to



the shopping area. Huff's model relies upon the total
floor space of the shopping area to serve as an indica-
tor of its attractiveness. Previous studies have sug-
gested that variables related to the attractiveness of
a shopping area include not only “travel time” and
“total sales floor space,” but also “employees” (Satani
et al. 1998), “competition and agglomeration” (Li and
Liu 2012), “brand attraction” (De Beule, Poel, and
Weghe 2014), and “service” and “facility” quality
indexes (Lin et al. 2016). Note that the travel time
considered in this study corresponds to the travel
distance considered in previous studies, and the stay
time considered in this study corresponds to the facil-
ity attractiveness considered in previous studies. Thus,
it the distance to a shopping facility is large, more
travel time is required, and if the total floor space
(attractiveness) of a shopping area is large, it is
assumed that the customers will stay longer. In addi-
tion, if the stay time at a shopping destination is
considered as a personal choice behavior, it can be
incorporated into the explanatory variables of the dis-
crete choice model utility function. The findings of
this study indicate that these explanatory variables
can be obtained using only the stay time rather than
relying on surveys to collect private home addresses
and travel times to the facility. Note also that because
the stay coefficient is constant within a city, the trade
area will change depending only on the amount of
time visitors spend at a facility. For example, if
a facility is changed to encourage visitors to stay longer
without otherwise changing its floor area, the number
of visitors from more distant areas will increase. This
characteristic has not been discussed in previous
studies.

However, there are inherent limitations to the
descriptive abilities of analyses conducted using the
stay coefficient, namely that the stay coefficient cannot
differentiate between a change in the number visitors
coming from a distance and a change in the overall
number of visitors, which are distinct phenomena. For
example, consider the case in which a supermarket is
changed to a car dealership while the facility area
remains constant. If the stay time is longer at the car
dealership than at the supermarket, it will attract users
from farther away than the supermarket (as indicated
by an increased stay coeflicient), but the overall num-
ber of users may decrease. The results of this study
indicate only that commercial facilities can expect to
attract customers from farther away by enhancing
their contents and increasing their scale to lengthen
visitor stay time; as Hui, Bradlow, and Fader (2009)
and Li et al. (2021) have stated, increasing the stay
time can be expected to increase the amount of money
spent at a facility.

Furthermore, recent studies have investigated how the
rapid progress of online shopping has affected shopping
behavior in brick-and-mortar stores (Saphores and Xu
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2021; Shi et al. 2019), and it remains necessary to observe
the resulting changes in physical shopping behavior. As
the data considered in this study were collected from 2008
to 2011, some differences may exist when considering
current shopping behavior in the context of the develop-
ment of online shopping. In addition, the COVID-19
pandemic has affected a number of shopping-related
behaviors and attitudes, resulting in increased online
shopping (Shaw, Eschenbrenner, and Baier 2022), shift-
ing transportation choices (Javadinasr et al. 2022), and
changes in spatial preferences and usage habits among
shopping mall users (Biiyiiksahin 2022); the transforma-
tions of these shopping behaviors should be closely mon-
itored even after the threat posed by COVID-19 has
passed. Critically, recent research into online shopping
has found that “e-shopping has a substitution effect on
the frequency of shopping trips” (Shi et al. 2019; Le,
Carrel, and Shah 2022). Comparisons of online versus
brick-and-mortar shopping behavior have concluded
that: online consumers tend to purchase higher-priced
products and products that can be easily chosen on the
web as they require less handling or close inspection
(Crocco, Eboli, and Mazzulla 2013); “while COVID-19
had a significant impact on improving the attractiveness
of online shopping, people still prefer to go back to stores
for buying the items that need to be touched or visually
evaluated” (Adibfar et al. 2022); and “people who order
groceries online are a small percentage of the population”
(Dominici et al. 2021; Saphores and Xu 2021).

Thus, products that are easily purchased through
online shopping are now considered to be less likely to
be purchased in physical stores. As a result, the consumer
intention when visiting a physical store is to purchase
products that cannot be easily selected online and need to
be looked at closely; i.e. the shopping intention may be
changing to focus on purchases that require a longer stay
time in the physical store. In light of the results of the
present study, this will lead to longer travel times, i.e. an
expansion of the trade area. In addition, even with the
development of online shopping, groceries tend to be
purchased in physical stores; thus, store operators can
expect to attract customers who live close to their stores if
they sell groceries and can expect to attract customers
from further away if they provide facilities that allow
customers to stay longer (e.g. clothes shops, theaters,
cafes, restaurants, etc.). However, if online grocery shop-
ping with same-day delivery becomes widespread in the
future, it may replace this physical shopping behavior as
well (Xi, Cao, and Zhen 2020).

Prospects for future research employing the stay coef-
ficient proposed in this study include:

(1) Analysis of the impact of online shopping beha-
vior on the stay coefficient. Because all of the
survey data considered in this study described
shopping behavior in physical stores, it is likely
that a similar survey conducted today would
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include less data describing shopping behaviors
for products that are now likely to be purchased
online. How current and future shopping beha-
viors will affect the stay coefficient proposed in
this study should therefore be clarified in future
research. Although this study did not undertake
a comparison of online and physical store shop-
ping behaviors, its findings remain valuable for
the development of physical stores. Indeed, in
the context of modern shopping behavior, the
perspective adopted in this study can enable
businesses to maintain and attract customers to
brick-and-mortar stores even as online shopping
becomes more prevalent. In addition, efforts to
incorporate online shopping into shopping
behavior models are under active development
(Suel and Polak 2018); thus, shopping behavior
models that simultaneously consider both physi-
cal and online stores are likely imminent. In the
future, the results of this study should therefore
be connected to the studies in this discussion to
better inform commercial facility planning.

(2) Analysis across many different metropolitan
areas. As travel surveys have been conducted
in metropolitan areas beyond Japan, future
stay coeflicient analyses are planned using
the proposed approach in other metropolitan
areas. Furthermore, since the stay coeflicient
is likely to vary depending on personal pre-
ferences, the type of shopping facilities in an
urban area, and cultural characteristics, it
remains necessary to further analyze the
relationship between travel time and stay
time in more detail by accounting for these
factors.

Based on the results of this study, the following
policy recommendations are provided for local gov-
ernments and other policy makers to support retail
development:

(1) Improve public transportation and provide
adequate parking capacity in the vicinity of
shopping facilities. If the stay time at the
store cannot be change