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Abstract: Activity fragmentation provides a new approach for understanding the transformation of urban space and function in the information era. Numerous theoretical and empirical studies have been conducted on activity fragmentation, but few studies have focused
on the fragmentation of leisure activities. This study was intended to extend the extant literature by: 1) analysing the spatio-temporal
fragmentation of physical and virtual leisure activities by using a dataset collected in Nanjing, China, and 2) evaluating the reasons of
leisure activity fragmentation, as well as the potential spatial effect of activity fragmentation. The results indicated that virtual leisure
activities are more fragmented than physical leisure activities, but the fragmentation of physical and virtual leisure activities varies on
weekday and weekend, as well as in various locations and urban districts. In addition, the results suggested that sociodemographic factors and information and communication technology (ICT) variables distinctly affect the fragmentation of leisure activities. Meanwhile,
the fragmentation of virtual leisure activities may enhance the transformation of traditional urban space by reallocating leisure activity
times and locations.
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1

Introduction

China′s economic and social development has entered a
crucial transformation period (Wu, 2008; Guthrie,
2012), and the local governments are paying increased
attention to the consumption sectors. Consequently, leisure industries have experienced a rapid increase in the
field of sports, entertainment, tourism, catering, and information and communication technology (ICT) related
leisure. However, compared to developed countries,
several problems exist in China, such as insufficient
leisure time and uncomfortable leisure journey (Liu et
al., 2012). On weekday, the average everyday leisure

time only accounts for 13.15% in China, but that accounts for 23.9% in the world (Organization for Economic Co-operation and Development, 2009). Because
of the growing popularity of mobile devices, smart
phones and the Internet are commonly used for engaging in online leisure activities for Chinese people. Previous studies have proven that ICTs extend the forms of
leisure activity and affect traditional leisure activities
(Kwan, 2002; Nobuaki, 2008). Thus, the increasing use
of ICT causes changing in the leisure activities in which
people engages and provides challenges for transforming the function of places used for leisure activities in
urban China. Therefore, more attention should be paid
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to the spatio-temporal features of leisure activities.
The use of ICT affects leisure activities differently
(Salomon, 1986; Mokhtarian and Meenakshisundaram,
1999; Senbil and Kitamura, 2003; Wang and Law,
2007). Mokhtarian et al. (2006) established a conceptual
framework of the interaction between ICT and leisure
activities and discussed four manners in which ICT
could affect leisure activities: the replacement of a traditional activity with an ICT counterpart, the generation of
new ICT activities, the ICT-enabled reallocation of time
to other activities, and ICT as a facilitator of leisure activities. A potential effect of ICT is that it alleviates the
space-time constraints of activities. The use of the
Internet and mobile phones reduces the time constraints
of leisure activities and enhances the spatial flexibility
of leisure activities (Schwanen and Kwan, 2008). For
example, ICT-related leisure activities can be performed
easily during free time at work or while travelling (Nobuaki and Noboru, 2008; Hjorthol and Gripsrud, 2009).
The relaxation of space and time constraints enables the
decomposition of activities into multiple subtasks that
can be performed at various times and locations (Dijst,
2004). This separation of activities into distinct components is commonly termed as activity fragmentation
(Couclelis, 2000; Alexander et al., 2010).
ICT and the fragmentation of leisure activities can
potentially affect the use of spaces and facilities (Alexander et al., 2010). For example, the temporal fragmentation of leisure activities might lead to changes in the
using frequency of leisure facility at various times of the
day. Spatial fragmentation causes the boundaries between leisure place and other places to be blurred. People can perform leisure activities anywhere with mobile
devices, which give virtual activities to the space of
places and leads to the appearance of cyberspace (Castells, 1996). According to the relocation of leisure activities and the emergence of mixed-function spaces, we
should consider how and to what extent urban space and
mobility are affected by ICT and fragmentation (Maeng
and Zorica, 2008; Alexander et al., 2010). Regarding
these concerns, it is necessary to study the spatiotemporal fragmentation of leisure activities and to understand how leisure activities are conducted across
space and time.
Numerous studies have been devoted to the concept
and theoretical framework of activity fragmentation, and
several scholars have conducted empirical studies on

work and shopping activities (Couclelis, 2004; Mokhtarian et al., 2006; Hubers et al., 2008; Alexander et
al., 2011; Ben-elia et al., 2014; Dai et al., 2016). However, few studies have focused on the spatio-temporal
fragmentation of leisure activities. Sociologists have
extensively studied the temporal fragmentation of leisure activities, often relating to time pressure (e.g., Sullivan, 1997; Mattingly and Bianchi, 2003), but the spatial fragmentation of leisure activities has been neglected. Furthermore, the extant literature on activity
fragmentation involves almost no developing countries
where urban areas are changing quickly, and how these
changes are altering the manner in which people conduct activities and interact with the places that comprise
the urban space (Zhen and Wei, 2008; Puel and Fernandez, 2012). Therefore, we posed the following questions: to what extent are leisure activities fragmented in
urban China? How are traditional physical leisure activities and virtual (ICT-related) leisure activities fragmented? What affects the fragmentation of leisure activities?

2

Literature Review

2.1
Concept and performance of leisure
fragmentation
The concept of fragmentation focuses on ICT as an instrument used to expand the space and time in which
people engage in activities. Couclelis (1998; 2000) indicated that activities in the information era are increasingly likely to be disaggregated into their component
subtasks, each of which can be conducted at various
places and times, and in several possible sequences,
thus, spatial and temporal fragmentation occurs. Regarding leisure activities, certain physical type of activities, such as sports and tourist activities, can be decomposed into their component subtasks, which can be
conducted at various spaces and times. What is more,
people could do online leisure activities whenever and
wherever possible. So the virtual leisure activities generated by ICT can be integrated into locations and times
for conducting other activities. Therefore, the process of
leisure activity fragmented is complicated.
The fragmentation of activities is generally considered to comprise three dimensions: temporal fragmentation, spatial fragmentation, and fragmentation of the
manner in which activities are performed (Couclelis,
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2000; Lenz and Nobis, 2007). When these three types of
fragmentation are considered for leisure activities, temporal fragmentation refers to the flexibility of time in
conducting leisure activities. Spatial fragmentation relates to the location distribution of leisure activities. In
the past, activity spaces were generally fixed. However,
virtual leisure activities can be performed in unconventional leisure places such as restaurants and vehicles.
Fragmentation of the manner refers to the increased
freedom in choosing leisure activities. The fragmentation of physical leisure activities and the fragmentation of
virtual leisure activities were examined in this study to
distinguish the manner in which fragmentation occurs.
2.2 Measuring fragmentation of leisure activities
Scholars have developed various measurement techniques to measure the fragmentation of activity (Couclelis, 2004; Lenz and Nobis, 2007). Hubers et al.
(2008) proposed a framework of spatio-temporal fragmentation based on three dimensions: the number of
fragments, the distribution of fragment size, and the
configuration of the fragments. These dimensions were
derived from ecology, and ample literature has focused
on the fragmentation of landscapes (Southworth et al.,
2002; Rutledge, 2003). Especially, the number and configuration, representing the richness and the dispersion
of activity fragments, were used for measuring the
fragmentation frequently (Palang et al., 1998; Kim and
Pauleit, 2007). Thus, we adopt these two dimensions for
measuring the fragmentation of leisure activities.
2.3 Influencing factors of leisure activity fragmentation
Studies on the influencing factors of activity fragmentation have concentrated on ICTs, sociodemographic factors and different day of the week (Yamamoto and Kitamura, 1999). Various authors have studied the influences of ICTs and their use in daily activities (Handy
and Mokhtarian, 1996; Couclelis, 2003; Hjorthol, 2005;
Schwanen et al., 2008). To a certain extent, the effect of
ICT on leisure activities might result in changes in the
use of space and time when conducting leisure activities, which leads to the further fragmentation of activities (Lenz and Nobis, 2007; Hubers et al., 2008; Alexander et al., 2010). The widespread use of mobile devices and Internet has enabled leisure activities to be
performed at any time and at any place. Therefore, we
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hypothesised that the fragmentation of leisure activities
increases as the usage frequency of mobile devices and
Internet increase.
The distinct manner in which social groups spend
their time and use urban spaces results in the fragmentation of urban spaces and activities (Wang et al., 2012).
Sociodemographic factors can also affect activity fragmentation, both directly and indirectly (Lu and Pas,
1999; Ohnmacht et al., 2009). Sullivan (1997) reported
that the leisure time of women is considerably more
fragmented than that of men. Hubers et al. (2008) concluded that age, presence of children and education level
has stronger relationships with fragmentation than ICTs
do. Hjorthol and Gripsrud (2009) demonstrated that the
relationship between virtual and physical activity varies
and depends on the social group, which might lead to a
difference in leisure activity fragmentation amongst
groups. Furthermore, the excessive housing prices and
living costs in China are heavy burden to urban residents, which increase the time devoted to paid work and
decrease the time for leisure activities (Logan, 2008).
The available time for leisure activities varies between weekday and weekend, therefore, Different day
of the week was expected to be related to the fragmentation of leisure activities (Yamamoto and Kitamura,
1999). Because the distribution of leisure facilities is
imbalanced amongst urban districts, urban centre generally provides increased opportunities for engaging in
leisure activities than suburban areas in developing
countries do. Thus, people living in central urban districts are expected to have more fragmented leisure activities than those of their counterparts in suburban districts (Schwanen, 2004; Hubers et al., 2006).

3

Research Design

3.1 Survey and data
The data using to analyse leisure fragmentation was obtained from a survey of resident activity and behaviour
in Nanjing, China. Nanjing is one of the major cities in
the Yangtze River Delta. By the end of 2014, Nanjing
had more than eight million permanent population.
Based on social and spatial features, the urban space of
Nanjing is divided into four districts: old urban district
within city wall built in the Ming Dynasty, inner-city
district outside city wall but within urban circle highway, new urban district (including three newly con-
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structed districts: Hexi, Xianlin and Jiangning), and
suburban district outside urban circle highway (Fig. 1).
Xinjiekou CBD, the Confucius Temple area and other
commercial and leisure centres are mainly located in old
urban district and inner city of Nanjing, but these areas
are excessively crowed and overpopulated. Meanwhile,
space for leisure activities is shortage in new urban district and suburban district, which has potential impact
on the residents leisure activities.
Because the purpose of this paper is to explore the
fragmentation of leisure activities, the population is
normal residents in Nanjing. A structured questionnaire
was developed to survey the residents′ behaviour in
Nanjing in September-October, 2012. We selected 20
leisure and commercial sites, and randomly selected
approximately 50 people to whom we administered the
survey at each site. A USB flash drive was provided as
the incentive for participating in our survey. The questionnaire included demographics, the usage of ICT and a
2-day activity diaries. The activity diary was designed to

Fig. 1

Distribution of samples

record the activities in which respondents participated
during a most recent weekday and a most recent weekend, including the start-stop times, types of physical and
virtual activities in which they engaged during each period, the precise location where the activity took place,
and the type of activity location. According to the usual
classification of leisure activities, four types of physical
leisure activities (entertainment, social activities, sports
and sightseeing) and four types of virtual leisure activities (online entertainment, social networks, Web browsing and online gaming) were numbered for choosing in
activity diary table. Finally, 980 respondents finished
the survey. After removing questionnaires with many
missing responses, the sample used in this study comprises 623 respondents. Leisure fragmentation was
measured as one single day. With 623 sample, we got
1246 statistical fragmentations.
Table 1 shows the demographics of samples. Male
accounted for 50.5%. The majority of the participants
were 23–30 years old. In addition, 78.2% of the sample
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Demographics of samples (N = 623)
Characteristic

Gender

Age

Male

308

49.5

118

19.0

23–30

358

57.4

31–40

124

19.9

23

3.6

75

12.0

3000 and below

211

33.9

3000–5000

210

33.7

5000–8000

78

12.5

8000 and above

Frequently use of
laptop

49

7.9

Yes

487

78.2

No

136

21.8

Yes

518

83.1

No

105

16.9

Suburb
Residential district
in city

50.5

22 and below

None

Frequently use of
smartphone

Percent (%)

315

Female

41 and above

Monthly income
(yuan (RMB))

Frequency

74

11.9

New urban district

133

21.3

Inner city

228

36.6

Old urban district

188

30.2

frequently used smart phones, and 83.1% of them frequently used a laptop. Regarding the residential distribution of the sample, 11.9% of the residents were located in suburbs, 21.3% lived in new urban district,
36.6% lived in inner city, and 30.2% lived in old urban
district (Table 1).
3.2 Measurement
According to the previous studies, we use the number of
fragments and the configuration of fragments to measure the fragmentation of leisure activities (Hulshoff,
1995; Southworth et al., 2002; Hill and Donald, 2003).
The number of fragments is used to indicate the spatio-temporal intensity of leisure activities, and the configuration of fragments refers to the discreteness of leisure activities.
3.2.1 Number of fragments
The number of fragments is calculated through the
number of episodes and the number of locations. It is
measured through the daily record of a persons leisure
activity places and times, emphasizing the range of activities in which a person is engaged during leisure time
(Stalker, 2011). The number of episodes (Equation (1))
can be represented by counting the different episodes of
leisure activities. An episode is defined as an uninter-

Characteristic
Entertainment
Physical leisure
activities on
weekday

Virtual leisure
activities on
weekday

Physical leisure
activities at
weekend

Per capita number

467

0.75

Social Activities

76

0.12

Sports

74

0.12

Sightseeing

12

0.02

Online entertainment

505

0.81

Social networking

859

1.38

Web browsing

907

1.46

Online games

242

0.39

Entertainment

691

1.11

Social Activities

221

0.35

Sports

104

0.17

64

0.10

Online entertainment

526

0.84

Social networking

733

1.18

Web browsing

639

1.02

Online game

295

0.47

Sightseeing
Virtual leisure
activities at
weekend

Frequency

rupted stretch of time devoted to a leisure activity task.
Similarly, the number of locations (Equation (2)) is
measured by counting the number of locations where
leisure activity conducted on a given day. So larger
numbers represent more fragmentation. The number of
episodes and the number of locations can be calculated
with the following equations:
n

E   ei

(1)

i 1

n

L   li

(2)

i 1

where E represents the total number of leisure episodes
that occurred during a given day; L is the total number
of leisure locations visited during a given day; ei refers
to the number of episodes in which the ith leisure activity was performed on a given day; li means the number
of locations where the ith leisure activity was performed
on a given day; and n is the number of leisure episodes
or locations.
3.2.2 Configuration of fragments
The second measure of leisure fragmentation represents
the fragments′ configuration. Temporally, this measure
describes the spread of leisure episodes across a given
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day and indicates whether various episodes of leisure
activities are convergent in a certain period of time (e.g.,
the morning and afternoon or spread across the entire
day). The mean point of each episode is used to define
this measure. It can be calculated as Equation (3):

M i  ( Si  Ei ) / 2

(3)

where Mi is the median point of ith leisure episode; Si is
the start time of the ith leisure activity, and Ei represents
the end time.
Then, the temporal dispersion of the leisure episodes
across a day can be calculated with Equation (4):
n

TCV 

 [M i  TM ]2
i 1

n 1

/ TM

(4)

where TCV represents the temporal dispersion. Mi is the
median point of the ith leisure episode in a day. TM is
the mean of the median points of leisure episodes that
occurred in a day, and n is the number of leisure episodes that occurred in a day.
The spatial configuration of leisure fragments is reflected by the standard distance. This is used to reflect
the spread of leisure activity locations. The standard
distance is defined as the coefficient of variation of distance between certain leisure activity location and the
location of residence (Equation (5)). A larger standard
distance means a wider dispersion of leisure activity
locations on a given day.
n

SCV 
Table 2

 [ Di  D]2
i 1

n 1

/D

(5)

where SCV represents the spatial configuration of leisure fragments. Di is the distance between the ith leisure
activity location and location of residence. D is the
mean of the distances between all the activity locations
of one person visited in a day and the location of his/her
residence, and n is the number of leisure episodes that
occurred in a day.
We distinguish the virtual and physical leisure activity as the fragmentation of manners. Two dimensions of
measure are used for measuring the two manners of leisure fragmentation. Then, an overview of eight measures is adopted (Table 2).
3.3 Structural equation model
A structural equation model (SEM) was applied to examine the influencing factors of leisure fragmentation in
this study. The mathematical detail of the SEM is referred to Hau et al. (2004).
The model developed in this study involves five constructs: sociodemographic, different day of the week and
space factors, ICT usage, the fragmentation of physical
leisure activities, and the fragmentation of virtual leisure
activities. According to the findings of previous studies
(Hjorthol and Gripsrud, 2009; Alexander et al., 2010),
five sociodemographic variables were included as exogenous variables: Gender (Male = 1; Female = 0), Age,
Monthly income (in RMB), Education level and Type of
housing; and different day of the week and space factor
were also considered as exogenous variables: residential
district in the city, and whether it was weekday or not
(Yes = 1; No = 0). Three latent variables concerning ICT
usage, the fragmentation of physical leisure activities,
and the fragmentation of virtual leisure activities were

Overview of leisure activity fragmentation measures
Index

Symbol

Description

Physical leisure

P

Number of physical leisure episodes

PE

Total number of physical leisure episodes during a given day

PL

Number of physical leisure locations

Value

0<PE<max

Total number of physical leisure places during a given day

0<PL≤ PE

Configuration of physical leisure episodes

PTCV

Dispersion of temporal distribution of physical leisure episodes in 24 hours

0<PTCV<max

Spatial configuration of physical leisure activities

PSCV

Standard distance between physical leisure locations and residential location

0<PSCV<max

Virtual leisure

V

Number of virtual leisure episodes

VE

Total number of virtual leisure episodes during a given day

0<VE<max

Number of virtual leisure locations

VL

Total number of virtual leisure places during a given day

0<VL ≤ VE

Configuration of virtual leisure episodes

VTCV

Dispersion of temporal distribution of virtual leisure episodes in 24 hours

0<VTCV<max

Spatial configuration of virtual leisure activities

VSCV

Standard distance between virtual leisure locations and residential location

0<VSCV<max
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used as endogenous variables. ICT usage was measured
based on the experience of using mobile devices and the
Internet: Using laptop frequently (Yes = 1; No = 0), Using mobile phone frequently (Yes = 1; No = 0), Using
computer to access the Internet frequently, and Using
smart phone to access the Internet frequently (Yes = 1;
No = 0). The fragmentation of physical (virtual) leisure
activities is indicated by four indicators, including
number of leisure episodes, number of leisure locations,
temporal configuration of leisure episodes and spatial
configuration of leisure locations.
The hypothetical causal relationships between the
variables are depicted in Fig. 2. We hypothesised that
ICT affects the fragmentation of physical leisure activities and the fragmentation of virtual leisure activities.
Previous studies have reported that sociodemographic
attributes as well as different day of the week and space
factors are crucial determinants of ICT usage and activity
fragmentation. The model thus defines them as the influencing factors of ICT usage and leisure fragmentation.

4

Results

4.1 Leisure fragments in space and time
The results indicated that spatio-temporal distribution of
virtual leisure fragments is wider and more intensive
than that of physical leisure fragments. Obvious differences existed between the spatio-temporal distribution
of physical and virtual leisure fragments on weekday,
but no remarkable differences were observed on the

Fig. 2

Framework of structural equation model
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weekend. As shown in Fig. 3a, the residents participated
in an extremely limited number of physical leisure activities on weekdays. Conversely, the virtual leisure
fragments were intensively distributed from 7:00 to
20:00 hours on weekdays, which implied that the residents might have engaged in leisure activities at workplace or school by using ICT (Fig. 3b). These results
also indicated that the spatio-temporal distributions of
physical and virtual leisure fragments were similar to
each other in the weekend. Although most of the leisure
fragments aggregated at the space within 10 km from
the residential location, the temporal distribution scope
of virtual leisure fragments was wider than that of
physical leisure fragments (Fig. 3c, 3d).
The vast majority of leisure activities were conducted
at home, which is consistent with the findings of
Hjorthol and Gripsrud (2009). In addition to home,
physical leisure activities are mainly performed at
school, leisure facilities, and the workplace on weekdays (Fig. 4a). Most of the virtual leisure activities were
undertaken at home or the workplace on weekdays, the
residents participated in more virtual leisure activities at
school and outdoors than at the service places like shopping mall, leisure facilities and restaurant (Fig. 4b). On
the weekend, physical leisure activities were mainly
performed at home, shopping and leisure facilities, and
homes of friends, but virtual leisure activities were occasionally performed at places other than home (Figs.
4c, 4d). Therefore, residents typically engaged in more
virtual leisure activities during weekday and conducted
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Spatial and temporal distribution of residents′ leisure fragments

more physical leisure activities on the weekend at several places in addition to home.
4.2 Spatio-temporal fragmentation of leisure activities
Mean values were adopted to demonstrate the leisure
fragmentation of the activity groups. The descriptive
analysis results in Table 3 indicate that virtual leisure
activities are generally more fragmented than physical
leisure activities. Most of people engaged in more virtual leisure activities than physical leisure activities at
various locations, and the virtual leisure activities were
more dispersed across 24 hours and various locations
than physical leisure activities. The extensive ICT usage
generates more virtual leisure activities, but virtual leisure activities are less confined to time and space, this
causes virtual leisure activities to be more fragmented
than physical leisure activities.
Considerable differences in the fragmentation of

physical and virtual leisure activities were observed
between weekday and weekend. The results indicated
that all of physical leisure fragmentations performed on
the weekend is obviously more fragmented than those
performed on weekdays, which concurs as our expectations. Generally, times allocated for physical leisure activities on weekdays are less than that at weekend. The
physical leisure activities at weekend are more intensive
and dispersion. Regarding virtual leisure activities, the
differences of fragmentation between weekday and
weekend were not significant besides VSCV. The virtual
leisure activities on weekday are distributed at even
more dispersion spaces. Therefore, we suggest that differences in the available leisure time and frequency of
ICT usage across weekday and weekend might lead to
various results of leisure fragmentations.
The results also indicated that the leisure fragmentations differed across the urban districts of Nanjing. Table 3 shows that mean values of PE and PL are higher in
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Fig. 4
Table 3
Index
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Number of leisure fragments in different places
Descriptive analysis of leisure activity fragmentation
Mean value
Weekdays

Weekend

P-Value

Mean value
Suburb

New urban district

Inner city

Old urban district

P-Value

PE

1

1.74



1.06

1.34

1.46

1.39



PL

0.81

1.29



0.86

1.04

1.09

1.07



PTCV

0.046

0.106



0.051

0.079

0.077

0.079

0.245

PSCV

0.092

0.249



0.128

0.155

0.177

0.189

0.370

VE

4.03

3.53



3.53

4.19

3.9

3.48



VL

1.65

1.37

0.329

1.61

1.59

1.53

1.4



VTCV

0.169

0.137

0.545

0.168

0.167

0.155

0.133



VSCV

0.44

0.304

0.002

0.445

0.398

0.38

0.333



Note: All variables explained here are same as in Table 2, and analysis of variance models (ANOVA) were used for significance test

old urban district and inner city. However, VE in new
urban district is supreme, and the mean values of VTCV in
suburbs and new urban district are higher. This implies
that locations impact residents′ leisure activity behaviour and its fragmentation.
4.3 Estimation results of SEM
We established the initial SEM and modified it repeatedly to obtain the final model with a chi-square value of
131.37 and 93 degrees of freedom. The final model is

extremely similar to the empirical optimal model (Wang
and Law, 2007). We subsequently analysed the fit indicators of the model, and the results indicated that the fit
index of the root mean square error of approximation was
0.032 (< 0.08), and the goodness of fit was 0.983 (> 0.9).
These indicators suggested that the model was significant and fit the data well. By using the total direct effect
and indirect effect of individual sociodemographic attributes on leisure fragmentation (Table 4), we analysed
the effects of gender, age, income, education, and type
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of housing on the fragmentation of physical and virtual
leisure activities.
It indicated that the physical leisure activities performed by male were more fragmented than those performed by female, and men engaged in more physical
leisure episodes and visited more places in a given day
than women. However, the difference of virtual leisure
fragmentation between male and female is not obvious.
The fragmentation of virtual leisure activities are differences between different age groups, and younger
people engaged in more fragmented virtual leisure activities than older people. It also indicated that high
level of income and education was associated with a low
level of fragmentation of physical leisure activities.
However, residents with high income might engage in
Table 4
Index

Total, direct and indirect effects of exogenous variables on fragmentation
Effect
Total effect

P

V

Direct effect

PL

PSCV

VTCV

VSCV

–0.013

0.021

–0.013
0

–0.028

Whether
weekday or not

–0.026

0.043

–0.091

–0.026



–0.091

0.043

0.030

–0.021

–0.060

–0.018

0.024

Direct effect

–0.005

–0.189

0.034

–0.012

–0.051

–0.032

0.055

–0.010

–0.009

0.015

–0.031

–0.026



–0.091

0.007

–0.004

0

0

0.016

0.021

Direct effect

0

0

Indirect effect

0.016

0.021

–0.013

–0.028

–0.026

0.043

–0.091

Total effect

0.017

0.023

–0.014

–0.030

–0.028

0.046

–0.098

Direct effect

0

0

0

0

0.023

–0.014

0

0
–0.030

0

0

0

0

0

–0.028

0.046

–0.098

0.014



–0.030

0.007

Direct effect

0

0

Indirect effect

0.005

0.007

–0.004

–0.009

–0.009

0.014

–0.030

Total effect

0.016

0.022

–0.013

–0.029

–0.026

0.044

–0.092

Direct effect

0

0

0

0

0.022
–0.181

–0.013



0.030

0

0
–0.029
–0.021

0

0

0

–0.026
–0.060

0

0.044


–0.018

0.024

0

–0.181

0.030

–0.021

–0.060

–0.018

0.024

Total effect

0

–0.173

0.028

–0.020

–0.057

–0.017

0.023

0

Indirect effect

0

–0.173

0.028

–0.020

–0.057

–0.017

0.023

Total effect

0

–0.146

0.024

–0.017

–0.049

–0.014

0.020

0

Indirect effect

0

–0.146

0.024

–0.017

–0.049

–0.014

0.020

Total effect

0.001

–0.257

0.042

–0.030

–0.085

–0.025

0.035

Direct effect

0

Indirect effect

0.001

0

0
0.042

0

0
–0.030

0

0
–0.085

Notes: All variables explained here are same as in Table 2, and  represents the significance at the level of 0.05

0

0

Direct effect

–0.257

0

0

0

Direct effect

0

0

0

–0.092

0

0

0

0


Indirect effect

0

0

0

Direct effect

0

0

0

–0.009

0


0.005

0

–0.009

0.043

Total effect

0.016

–0.004

–0.028

0

Total effect

0.017

–0.013

0

Residential
district in city

–0.181

0.005

0

–0.028

Housing type

0

Total effect

VL

0.016

0.021

Monthly income Educational level

0.000

Indirect effect
VE

0.016

Age

Total effect

Indirect effect
PTCV

Gender

Indirect effect

Indirect effect
PE

more fragmented virtual leisure activities than those
with a low income. Type of housing is strongly associated with monthly income, and exerts a significant and
direct effect on the fragmentation of virtual leisure activities. Compared with commercial housing, people
who live in other types of housing engaged in more
fragmented leisure activity. The residents in the central
Nanjing participated in more fragmented physical leisure activities, which is consistent with the description
shown in Table 3. Whether it was weekday or not exerted significant negative effect on the fragmentation of
physical leisure activities, but has significant positive
effect on the fragmentation of virtual leisure activities,
which further verified the results shown in Table 3 and
Fig. 4.

0
–0.025

0

0
0.035
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Table 5
ties
Index
P

Effects of ICT usage on fragmentation of leisure activiICT usage
Total effect
0.043

Direct effect
0.043



Indirect effect
–



V

0.048

PE

0.043

–

0.043

PL

0.046

–

0.046

PTCV

0.014

–

0.014

PSCV

0.043

–

0.043

0.063



–

0.063

VL

0.060



–

0.060

VTCV

0.050

–

0.050

VSCV

0.089

–

0.089

VE

0.063

0.014

Notes: All variables explained here are same as in Table 2, and  represents the
significance at the level of 0.05

The results indicated that residents with a high level
of ICT usage might engage in more fragmented leisure
activities. In addition, ICT usage exerted significant effects on all measures of virtual leisure fragmentation.
This is consistent with the finding of the study by Mokhtarian et al. (2006). ICT offers opportunities for many
new activities, and enables the reallocation of virtual
leisure time to other activities. This finding suggests that
ICT generates new ICT-related leisure activities and
facilitates physical leisure activities, which might lead to
the fragmentation of leisure activities (Mokhtarian et al.,
2006; Hubers et al., 2008; Alexander et al., 2010).
Meanwhile, the results indicated that those who engaged in more fragmented physical leisure activities
also engaged in relatively more fragmented virtual leisure activities, implying that the times and spaces in
which physical leisure activities were performed affected those of virtual leisure activities, and virtual leisure activities might rely on physical leisure activities
and corresponding spaces.

5

Discussion and Conclusions

The findings from this study suggest that several differences exist between the fragmentation of physical leisure activities and virtual leisure activities. The results
indicated that virtual leisure activities are more fragmented than physical leisure activities, which proves
that ICT exerts a complementary or generating effect on
leisure activities (Mokhtarian et al., 2006; Wang and
Law, 2007). The leisure activities generated by ICTs are
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less confined to certain times or locations compared
with physical leisure activities. Therefore, the spatial
and temporal distribution of virtual leisure activities is
wider than that of physical leisure activities, which leads
to the further fragmentation of virtual leisure activities
(Lenz and Nobis, 2007).
Furthermore, the fragmentation of physical and virtual leisure activities varies across weekday and weekend, as well as various locations or urban districts. We
observed that the residents generally engaged in more
fragmented physical leisure activities on the weekend.
The findings indicate that the temporal and spatial distribution intensity varies based on the type of leisure
activity and different day of the week. Most of the leisure fragments were taken at home. Home can be treated
as a hub of leisure activity (Hjorthol and Gripsrud,
2009). However, numerous virtual leisure activities
were undertaken at locations other than the home on
weekdays, suggesting that virtual leisure activities are
mixed with physical activities such as working, shopping, and attending school. Compared with other areas,
physical leisure activities were more fragmented in old
urban district and inner city of Nanjing, whereas virtual
leisure activities were more fragmented in new urban
district and suburbs, which was mainly caused by the
social and ICT differentiation amongst different urban
districts. Both the physical and virtual fragmentations
were clearly related to the residential districts of city
and to whether it was weekday or not. Based on the
fragmentation variations that occur at various times
(weekday and weekend, or the 24h in a day) and in
various urban districts, urban leisure space could be improved through the relocation of leisure facilities and
leisure-related transportation, such as accessing the
Internet in the new urban district and suburbs.
Although the sociodemographic factors and ICT
variables are associated with the fragmentation of leisure, the effects on the fragmentation of physical leisure
activities and virtual leisure activities are not consistent.
Gender is strongly associated with the fragmentation of
physical leisure activities, which is a finding consistent
with that of previous studies (Lenz and Nobis, 2007;
Alexander et al., 2010). It suggests that fragmentation
differences might be a consequence of the differing leisure hours and manner in which activities are performed
between male and female. The findings also implied
those people with a high socioeconomic position could
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engage in numerous and diverse leisure activities
(Katz-Gerro and Sullivan, 2010), so people are expected
to engage in further more leisure activities as economic
condition improving. ICT exerts a positive direct effect
on the fragmentation of physical and virtual leisure activities, this finding is consistent with that of Hubers et
al. (2008) and Alexander et al. (2010). However, the
determinants of leisure fragmentation must be explored
using a broader perspective, such as that based on
available leisure time or leisure habits.
The findings implied that virtual leisure activities
might be dependent on physical leisure activities and
embedded in geographic spaces (Dijst, 2004; Zook et
al., 2004). This dependence leads to the fragmentation
of time use. The geographic embeddedness enriches the
activities that are performed in certain places, which
causes the spatial function to become more diversified
and complicated (Graham and Marvin, 2001). Therefore, this study provides evidence that ICT-based leisure
activities and physical leisure activities are mutually
complemented and promoted (Senbil and Kitamura,
2003; Mokhtarian et al., 2006). Also, the fragmentation
of virtual leisure activity may enhance the transformation of traditional urban space by reallocating leisure
activity time and location.
The present study can be extended in several directions in the future. First, we used only four types of
physical leisure activity and four types of virtual leisure
activity in this paper, which is insufficient for reflecting
the fragmentation of all leisure activities because leisure
activities include numerous classes and subclasses, for
example, entertainment activities consist of watching
TV and movies, and playing games. More elaborate
categorisations of leisure activity and subtask should be
considered in future empirical studies. Second, the
measures of fragmentation still require improvement.
The current two dimensions are limited by their inability
to reflect fragment sizes. Because certain virtual leisure
activities are performed during work or at other times
during which physical activities are also conducted, obtaining the accurate sizes of virtual leisure fragments
from the diaries of residents is difficult. Gathering data
by using continual global positioning system (GPS)
tracking, data recorded in real-time (Zhao and Chai,
2013; Xi et al., 2016), and a spatiotemporal geographic
information system can be explored in future studies
(Kwan, 2004; Yu and Shaw, 2008). Finally, the bounda-

ries between leisure, mandatory, and maintenance activities are permeable because of the multiattribute nature of a single activity, the sequential interleaving of
activity fragments, and the simultaneous performance of
multitasking (Mokhtarian et al., 2006; Kenyon and Lyons, 2007). Thus, the interactions between the fragmentation of leisure activity and that of other activities can
be considered in future studies.
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