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ABSTRACT

The concept of sharing transport infrastructure has
become increasingly prominent in the sustainable so-
ciety due to limited resources in urban cities. Shared
lanes where cars, electric motorcycles, and bicycles are
permitted have been promoted in urban China to over-
come the shortage of road space available to meet the
increasing traffic demand. Based on VR video and ques-
tionnaire survey, this study has identified that the levels
of satisfaction of drivers, e-motorcyclists, and cyclists
are associated with the factors of traffic condition and
lane characteristics among various shared lanes. Based
on the analysis of data by a multinomial ordered logis-
tic regression model, the major findings of this study
are summarised as follows: (1) Satisfaction was main-
ly affected by lane width, lane number, lane type, and
presence of parking space in the driver group. (2) Lane
width, lane number, lane type, presence of parking space,
speed, and lateral separation were the main factors in the
e-motorcyclist group. (3) For the group of cyclists, lane
width, lane number, presence of slope, presence of park-
ing space, speed, and lateral separation were identified
as the main factors. Our study will help local government
officials to design more effective sustainable transport
infrastructures.

KEYWORDS

sustainable transport infrastructure; user satisfaction,
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1. INTRODUCTION

The transport infrastructure is the foundation of
urban cities [1, 2]. The level of transport infrastructure
affects the travel of residents and the development
of urban economic growth [3, 4]. In a sustainable

society, sharing the transport infrastructure has be-
come very significant due to limited resources in ur-
ban cities [5].

As an extension to the concept of the shared lane,
urban areas in China have introduced sharing among
three modes of transport as a new solution. Although
bicycle lanes segregated from other traffic are pre-
ferred from a bicycle safety point of view, bicycle
and pedestrian shared lanes are adopted in a number
of countries to economise on road space allocation
[6, 7]. The new approach taken by planners in China
attempts to accommodate for the growth of electric
motorcycles by introducing shared lanes for three
modes: cars, electric motorcycles, and bicycles [8].

The term ‘electric motorcycles’ (or ‘electric bi-
cycles’ in some literature) is applied here for bat-
tery-powered personal vehicles that have the appear-
ance of conventional motorcycles. These electric
motorcycles are installed with headlights, turn sig-
nals and horns, and with a 48-V battery under the
footboard [9]. Electric motorcycles have replaced
conventional motorcycles in urban areas in China
because conventional motorcycles in many big cit-
ies were banned by the local government in 2007 to
reduce carbon emissions and address traffic safety
problems attributed to the potential excessive speed
of gasoline motorcycles.

The car/e-motorcycle/bicycle shared lanes were
typically transformed from former 5-9 m-wide bi-
cycle-only lanes in 2005 without an attempt to stan-
dardise the size of new shared lanes in urban China.
These new shared lanes permit regular cars, battery
powered motorcycles, and bicycles to share the lane.
Trucks and similar large vehicles are prohibited.
There are two different speed limits for traffic in the
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shared lane. Speed limit for bicycles and electric mo-
torcycles is 15-20 km/h. Speed limit for cars is 30—
40 km/h. When space permitted, the right hand edge
(China uses right-hand traffic) of the shared lane was
converted to roadside parallel parking spaces for cars
to alleviate the shortage of parking spaces in the city.

Local government officials claimed that shared
lanes would increase the efficiency of road space and
help to accommodate the increased number of moto-
rised traffic. However, there are many studies which
have pointed out the potential danger in the bicycle/
pedestrian shared lanes [10, 11] or motor vehicle/bi-
cycle shared lanes [12, 13]. However, there is scant
literature about car/e-motorcycle/bicycle shared
lanes to be found in other countries, and only a few
studies presented in China. For example, National
Bureau of Statistics of the People’s Republic of Chi-
na [14] recorded 1,522 accidents involving cyclists
and 8,522 accidents involving electric motorcycles
in these shared lanes for three modes in China in the
year 2017. Li et al. [15] analysed 493 cases of colli-
sion events in the shared lanes in Changsha city and
found that 64% of collision events involved electric
motorcycles. Based on this literature, we have specu-
lated there is a lack of safety for users of shared lanes
and low user satisfaction compared to segregation
of transport modes in dedicated lanes, particularly
because of the sheer number of electric motorcycles
allowed to use the shared lane.

Not only can user satisfaction measure the quality
of the current infrastructure, it can also provide new
ways of identifying influencing factors which may
affect use. Therefore, evaluating the satisfaction of
the three groups of shared lane users is a first import-
ant step in understanding and improving shared lanes
in the sustainable society in China. Nevertheless, the
local government does not have an approach to es-
timate the satisfaction of users. Previous literature
shows that field survey and video survey are often
used to evaluate the satisfaction in the field of trans-
portation. The field survey obtains real perceptions
of comfort by car drivers and cyclists. For instance,
Landis et al. [16] placed one hundred and fifty partic-
ipants (most were cyclists) in a shared lane to obtain
their feedback. Bai et al. [17] used the same method
to ask the perceptions of participants who used shared
lanes. However, it is very difficult and dangerous
for many participants to attend a field survey [18].
In order to protect the safety of participants, video
survey is widely used to analyse the satisfaction of
participants. For example, after taking video record-

ings, two hundred participants were asked about
the perceptions of satisfaction of a cycle-lane in a
survey by Harkey et al. [19]. Lehtonen et al. [20] also
invited participants to watch video clips and report
the level of satisfaction about lanes. Lamb et al. [21]
used the same method of showing video clips to par-
ticipants to score the perceptions of danger in public
roads for cyclists and police officers. The video sur-
vey has proven to be a useful method by previous
studies; nevertheless, some researchers have pointed
out that ordinary video recordings cannot provide an
immersive environment to simulate lanes in the real
world [22]. Therefore, neither method can obtain real
perceptions of users towards shared lanes.

Nowadays, virtual reality (VR) technology is
widely used in many research fields and provides
an opportunity to evaluate the satisfaction of shared
lane users by creating a safe and immersive environ-
ment to overcome the weakness of field and video
surveys. Therefore, the main objective of this paper
is to estimate the influencing factors that affect levels
of satisfaction of users on different shared lanes in
an urban city of China by using VR technology. This
research project has set out to investigate user per-
ceptions about such shared lanes in a questionnaire
survey. Participants will be shown various shared
lanes in a VR video and then will be asked to elab-
orate on how satisfactory these lanes present them-
selves. The association between the satisfaction of
users, traffic condition, and lane characteristics will
be examined based on a multinomial ordered logis-
tic regression model. These studies will help local
government officials to design more effective shared
lanes and provide a methodology and analysed data
to other countries which are also considering improv-
ing mixed traffic lanes.

The paper is structured as follows: Section 2 pres-
ents the data collection and the details of the research
methodology. Section 3 continues with the mod-
el analysis and highlights the results of the survey.
Section 4 discusses the results and limitations of this
study. The final section outlines the conclusions of
this research. In addition, some suggestions for fur-
ther research are provided as well.

2. MATERIALS AND METHODS
2.1 Data sources

Hangzhou was selected for this study, which is
the capital city of the Zhejiang Province located
in the eastern region of China, with 16,596 square
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kilometres and 9.4 million people [23]. We made a
list of twenty shared lanes to ensure that the selected
shared lanes would represent a variety of charac-
teristics (see Table ). Figure I shows some typical
shared lanes in the city. Traffic conditions (e.g.
traffic volumes and speed of each transport mode)
were captured by cameras. These video recordings
will also be used in the questionnaire survey for
the perception of satisfaction.

Participants in the questionnaire survey were
randomly recruited from four communities located
in different regions of the city. Participants were
firstly asked about the main mode of transport used
for commuting during the past year. The partici-
pants who used one of the three categories: car,
e-motorcycle, or bicycle, were allowed to take
the questionnaire survey. Participants using other
transportation, such as subway etc. were exclud-
ed. Finally, two hundred and forty people (male:
135; female: 105) completed this study. As for
the transport mode, there were 82 car drivers, 80
e-motorcyclists and 78 cyclists. The age range of

Table 1 — List of characteristics of shared lanes

Shared lane b

Shared lane ¢
Figure 1 — Shared lanes in different areas of Hangzhou City

participants was from teens to sixties. In addition,
all participants self-reported their health condition
to be good.

Lane Lane width [m] | Paved shoulder width [m] | Speed limit for cars [km/h] | Number of lanes | Parking spaces
<7 >7 <0.5 >0.5 <40 >40 1 >2 Yes No

i v — — v v v
2 | — — v v v
3 v — — v v y

4 y — — Ny v

5 v — — v VA

6 v — — v v v
7 v — — y v v
8 v — — v v v
o | A — — v v v
10 \ — — Y Y J

11 \ — — v Y v

12 \ — — y Y J

13 v ol v v v

14 v v v v v

15 | A v v v v
16 v v v v v
17 y J Ny v A

18 v v v v v

19 v v v v ol
20 v v v v v

Note: (—) No paved shoulder set in these shared lanes
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2.2 Video recordings

Details of instrumentation

Figure 2 gives examples of the setting of marked
tapes and cameras in a shared lane. Reflective ad-
hesive tapes were pasted across the road surface to
form two white markers 15 m apart along the road
to identify the survey section of the shared lane. As
shown in the figure, each marker was cross-marked
along the width of the road using short lengths of
adhesive tape at 20 cm intervals to measure lateral
separation between two modes.

In order to minimise blind spots in the record-
ings, three high-vision video cameras recorded
the traffic flow during the survey period. Cameras
were set up in an unobtrusive manner (e.g. in the
median between the shared lane and pavement) to
avoid influencing lane user behaviour while being
monitored. The first camera (marked A in Figure 2)
was set up facing east, and the second and third
cameras (marked B, and B,) were facing west. The
height of camera B, was 1.5 m to approximate the
eye height of e-motorcyclists or cyclists. Similarly,

‘

Traffic flow

B, AA B,

15.00 m

A Video camera * Marker type [_] Parking spot

Figure 2 — Schematic layout diagram of the survey site of a
shared lane

a) Original video image of the survey in progress

the height of camera B, was about 1.3 m to approx-
imate the eye height of car drivers. Both camera B,
and B, were used in the questionnaire survey to es-
timate perception of satisfaction of three groups of
lane users. Traffic flow in the shared lane is from
east to west. The video recordings were stored on
hard disks with a 20-hour recording capacity. The
recordings were downloaded to a computer and
trained students replayed the videos to take rele-
vant measurements. The same method of marked
tape setting and video recording was used in 20
selected shared lanes as well.

The survey was carried out over 10 fair weather
weekdays in October 2018. The survey was con-
ducted twice each day: each survey session was two
hours long during off-peak traffic periods. The first
session in the morning was from 9:00 a.m. to 11:00
a.m. and the second session in the afternoon was
from 2:00 p.m. to 4:00 p.m.

Video analysis
Three types of measurements were obtained and

analysed from the videos.

1) Traffic volume of shared lanes.

2) Speed of each vehicle along the straight stretch
of lane was obtained by timing the length of time
taken for the front wheel of the vehicle to travel
the 15-meter distance between the taped mark-
ers.

3) Lateral separation between vehicles was ob-
tained using the 20 cm cross markers (pasted
on the road surface) as a guide. Photograph of
marker sites are shown in Figure 3a. The captured
video was enhanced (using Adobe software) to
extend the cross makers to provide complete ref-
erence lines on the computer monitor as shown

I

‘M

R o

. = "" Longer white line

b) Image with reference lines enhanced

Figure 3 — Software enhancement of reference markers to increase accuracy of measurements
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in Figure 3b. For example, in Figure 3b, the lateral
gap between car (marked as 1) and e-motorcy-
cle (marked as 2) can be estimated as 4 strips
(i.e., 80 cm) with the aid of reference lines. The
estimated gap distance is the distance between
the left edge of the handlebar of the e-motorcy-
clist and the nearest edge of the front-right wheel
of the car. Westerhuis et al. [24] previously de-
scribed a similar technique.

VR video conversion

The video recordings from camera B, and B,
were converted to VR video by software UtoVR
and then stored in an iPhone with a resolution of
3840x1920 pixels. The iPhone was combined
with virtual reality (VR) equipment to present vid-
eo recordings for participants. The VR equipment
included a pair of VR glasses with blue ray lens (see
Figure 4) and headphones. Both video and sound pro-
vided an immersive environment for participants.

90 mm

130 mm

190 mm

Figure 4 — The virtual reality glasses used in the survey

2.3 Questionnaire survey

Participants were asked to watch video record-
ings of various shared lanes and to rate their level of
satisfaction, supposing they were using these lanes

with their main transport mode. Participants needed
to rate their level of satisfaction for each lane in dif-
fering conditions. There were 40 video clips for this
survey in total. Twenty clips were prepared for each
lane and the remaining 20 clips repeated the same
lane but with different traffic volumes. All clips
were selected from the middle of the video record-
ing instead of beginning or ending in order to avoid
influence of setting up and removing instruments.
Each clip contained three transport modes displayed
to make participants have a direct feeling towards
a shared lane environment. Each VR video clip for
one condition was about thirty seconds in duration
with a five second break between two consecutive
recordings. During the 5-second break period, par-
ticipants were expected to complete the satisfac-
tion survey by an intuitive reaction. For reliability
check, all clips were displayed twice. The satisfac-
tion level was a standard 5-point scale ranging from
1="Strongly dissatisfied’ to 5=‘Strongly satisfied’.

2.4 Model and analysis

It is acknowledged that level of satisfaction
should be measured by a set of variables [25, 26].
Therefore, independent variables, including traffic
conditions and lane characteristics, were used in the
model (see Figure 5).

The dependent variable: satisfaction level is
shown as Yj(/'=1,2,3,4,5). Finally, the model can be
described as:

Y= Boj+ Buxi+ Bayxat .+ Byt (1)

where x, is a vector of independent variables, ﬂn].
is a regression coefficient, and ,Boj is a constant pa-
rameter.

Speed limit
Parking space

Lane
characteristics

User
satisfaction

Traffic
volume

Lateral
separation

Traffic
conditions

Figure 5 — Structure of the user satisfaction model

Promet — Traffic& Transportation, Vol. 33, 2021, No. 4, 505-515

509




Lu W. Evaluating Satisfaction in Shared Lanes as Part of Sustainable Transport Infrastructure by Using VR Technology...

The satisfaction level of users was a discrete vari-
able scaled from 1 to 5 as mentioned before, hence,
the connection between the dependent variable and
independent variables can be explained by a logistic
regression model. In this study, we selected the mul-
tinomial ordered logistic regression model because
the dependent variables are classified into five cate-
gories and there is an ordered relationship between
them. The multinomial ordered logistic regression
model has been proven as a suitable model to exam-
ine the correlation between satisfaction and various
independent variables [27, 28]. The structure of this
model is as follows:

logit(p1) = ln(l}_y—lpl> =Bo+Buxi+...+Buxa

, _ &F

logit(p1+p2) ln< -(prtp2) Box+ Brax

+ o+ Braxa

1 +patp3)=1 <—

ogi(pi+p2+py) =In\ - =S @

=Bos+Puxi+ ...+ Buxa
logit(p1+p2+ps+pas) = 1n< I

= Bos+ Praxi+ ...+ Puaxy

pi1Tp2tpstpa )
-(pr+p2+ps+ps)

Table 2 — Lane characteristics and traffic conditions

where p,, p,, p5, p, 1s the probability of satisfaction
level.

Statistical analysis was performed by using IBM
SPSS Statistics 24 for Windows™. It is noteworthy
that we were checking for multicollinearity among
independent variables and the parallel line assump-
tion. The detailed estimation method of the logistic
regression model is referenced in the research con-
tents of Luce [29]. We will not present it in detail in
this paper.

3. RESULTS

3.1 Lane characteristics and traffic
conditions

Table 2 shows lane characteristics and traffic con-
ditions. These variables were used for the model in
the following section.

3.2 Model

Before the analysis, the outliers that had values
greater than two standard deviations from the mean
(i.e., Outlier = Mean score + 2.0 standard deviations)

Item Variable Description
Lane width [m] Minimum=5.5;Maximum=9.8;Mean=7.1;Std=0.9
Paved shoulder width [m] Minimum=0.3;Maximum=1.5;Mean=0.6;Std=0.4
Speed limit [km/h] Minimum=30.0;Maximum=40.0;Mean=36.0;Std=5.0
0 (single lane
Lane number (sing )
1 (two lanes or more)
0 (horizontal)
§ Slope 1 (upslope)
E) 2 (downslope)
Q .
:% 0 (commuting lane)
° Lane type 1 (residential area)
§ 2 (others)
. 0 (no)
Parking space
1 (yes)
. 0 (no)
Sidewalk
1 (yes)
. 0 (no)
Fence or greenbelt bordering the lane
1 (yes)
" Traffic volume Car: mean=451.8; Std=117.1; E-motorcycle: mean=726.4; Std=229.0;
£ Vol Bicycle: mean=644.8; Std=176.4
5 Car: mean=36.5; Std=8.6; E-motorcycle: mean=35.4; Std=11.2; Bicycle:
§ | Speed [knvh] mean=24.1; Std=6.7
é Frequency of lateral separation between
E two transport modes less than 40 cm Minimum=14;Maximum=52;Mean=25.4;Std=8.3
(cases per hour)
510 Promet — Traffic& Transportation, Vol. 33, 2021, No. 4, 505-515
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were excluded [30]. In the next step, we checked

Table 5 — Results of the cyclists group model

the multicollinearity by wusing multiple linear .

K . K . Parameter estimates
regression. Results showed no multicollinearity for Variable : :
three groups of users. The results of multinomial or- Coefficient | Sig
dered logistic regression model for the three groups | Lane width 9.47%* 0.000
are presented in Table 3-5. . ' Lane number=1 ref cat

Tables 3, 4, and 5, respectively, show that some in-
dependent variables were identified in the groups | Lane number=2 or more 0.43* 0.027
of car drivers, e-motorcyclists, and cyclists. Lane Slope=0 (horizontal) ref cat
width, lane number, lane type, and presence of park-
. ’ L yp ’ p . P Slope=1 (upslope) -2.95%%* 0.000
ing space were identified in the car drivers group.
Lane width, lane number, lane type, presence of | Slope=2 (downslope) 5.38%* 0.000
parking space, speed, and lateral separation were | paring space=0 (no) ref cat
the main factors for e-motorcyclists. For the group : "
of cyclists, six independent variables (lane width, Parking space=1 (yes) 43 0.001
~ k%
Table 3 — Results of the car drivers group model Speed 427 0.000
3 Lateral separation -4.21%* 0.000
Parameter estimates
Variable
Coefficient Sig.
Lane width 4.82%* 0.000 Log-likelihood -731.476
Lane number=1 ref cat R-Square 0.689
Lane number=2 or more 0.67* 0.042 Note: *Sig. <0.05, **Sig.<0.001
Lane type=0 (commuting lane) ref cat 1 b £l ¢ K
ane number, presen resen ark-
Lane type=1 (residential area) 1.84%* 0.000 . ¢ humbet, presence ot S1ope, p ese ceolp
Lane typo=2 (others) . 0002 ing space, speed, and lateral separation) were also
ane. ype=2 (others . . identified.
Parking space=0 (no) ref cat Based on the result of the test of parallel lines
Parking space=1 (yes) 0.57* 0.000 (P>0.05), all models satisfied the parallel line as-
Log-likelihood -547.954 sumption. The likelihood chi-square test indicat-
R-Square 0.742 ed that the models were statistically significant

Note: *Sig.<0.03, **Sig.<0.001

Table 4 — Results of the e-motorcyclists group model

Parameter estimates
Variable
Coefficient Sig.

Lane width 6.75%* 0.000
Lane number=1 ref cat
Lane number=2 or more 2.74* 0.035
Lane type=0 (commuting lane) ref cat
Lane type=1 (residential area) 4.03%* 0.000
Lane type=2 (others) 3.81%* 0.002
Parking space=0 (no) ref cat
Parking space=1 (yes) -2.43%%* 0.000
Speed -3.52%%* 0.000
Lateral separation -4.21%%* 0.000
Log-likelihood -845.836
R-Square 0.671

Note: *Sig.<0.05, **Sig.<0.001

(P<0.001).

4. DISCUSSION

The purpose of this research is to identify the
correlates of the levels of satisfaction of drivers,
e-motorcyclists, and cyclists and influencing fac-
tors on the sustainable transport infrastructure (e.g.
shared lane) on the questionnaire survey.

The findings indicate that lane width, lane num-
ber, and presence of parking space are the three po-
tential common factors that may affect the levels of
satisfaction in the three user groups. Based on the
analysis, the lane width and number of lanes have
a positive influence on satisfaction. The possible
reason is that the wider lane or increasing number
of lanes leads to a relative ease of driving or rid-
ing [31]. The factor of presence of parking space
tends to be a positive influence in satisfaction of car
drivers; however, it is shown as a negative effect
on perception of satisfaction of e-motorcyclist and
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cyclists. This finding may be attributable to the fact
that drivers directly obtained more spaces to park
but e-motorcyclist and cyclists have to face narrow-
er travel space and face risk of collision with car
door opening when they pass the parked cars.

Lane type is considered as one of many potential
factors which correlated with satisfaction for motor-
ists and e-motorcyclists. These shared lanes in resi-
dential areas have a positive influence. Results from
the motorists and e-motorcyclists model have im-
plied that most participants preferred shared lanes in
residential areas rather than using commuting lanes.
In our questionnaire survey, many motorists and
e-motorcyclists actually expressed that they did not
feel anxious or upset when they entered residential
areas, which also matches the results of the model.
Some possible reasons may be relatively less traf-
fic and more green space compared to those shared
lanes in the commuting areas. In our survey, we
have measured that the traffic volume in residential
areas was much lower than in commuting areas. For
example, there were about 360 cars, 540 e-motorcy-
cles, and 510 bicycles per hour on average in shared
lanes in residential areas. On the other hand, around
490 cars, 820 e-motorcycles, and 750 bicycles per
hour on average in commuting areas. However, we
did not find strong evidence that the factor of lane
type was linked to satisfaction for cyclists, although
some previous studies have indicated that there is
a significant relationship between cyclists and lane
types. For example, Hatfield et al. [11] showed that
cyclists were not satisfied with shared lanes in com-
muting areas. Nevertheless, in our questionnaire,
some cyclists have reported that they worried about
their safety with the increasing speed by cars and
e-motorcycles in shared lanes of residential areas.
In fact, we have found that speeding occurred for
several cars and e-motorcycles in residential areas
which did not happen in commuting areas. Howev-
er, it is worth noting that speeding may not occur
in a lower traffic volume environment in western
countries due to differing driving behaviours from
China [32].

The findings indicated that lateral separation
was an important factor which might cause chang-
es of satisfaction levels for the group of cyclists. In
fact, many previous studies have indicated that lane
width [33] and traffic volume [34] significantly af-
fect the lateral position of vehicles and bicycles in
mixed lanes. In our study, we also found that lateral
separation between two transport modes was closer

in a narrower lane or when traffic volume increased
which is consistent with previous studies. However,
based on video recording, we also found in some
cases with lower traffic volume that the lateral sepa-
ration was still less than 40 cm when e-motorcycles
overtook bicycles. This was not reported by other
literature. We guessed this surprising phenomenon
was due to the fact that the widths of e-motorcycles
were small and some e-motorcyclists overestimated
the real lateral separation with bicyclists. In addition,
many participants who were cyclists confirmed they
need a wider space to avoid crashes with vehicles.
For example, Kiyota et al. [35] have used heartbeat
measurement instruments to show that reduction of
lateral separation caused measurable physiological
stress for cyclists who were being overtaken by cars
in a shared lane. Such stressful situations may cause
difficulties for inexperienced or older cyclists caus-
ing them to ride bicycles (or e-motorcycles) with a
wobbly behaviour that could impart anxiety to near-
by road users. In addition, small lateral separation is
likely to cause collision or near-miss events which
decreases satisfaction level. Fu [36] and He et al.
[37] mentioned that close lateral separation between
two modes would lead to an increasing likelihood of
accidents.

Presence of upslope was negatively related to the
satisfaction of cyclist due to the difficulty of riding.
The finding is consistent with the previous study
of Harkey et al. [19]. However, presence of slope
was not found a significant connection in groups
of motorist and e-motorcyclist. It is not surprising
because cars and e-motorcycles provide motive
power for driving and riding. The factor of speed
demonstrated a significant connection with the lev-
els of satisfaction in the groups of e-motorcyclist
and cyclist. In fact, there are continuous controver-
sies about speed limits of shared lanes in China. For
example, Liu [38] argued that the speed limit for
e-motorcycles in the shared lane should increase
to 30-35 km/h due to e-motorcycles being used as
small and fast delivery transport vehicles for ex-
press services, such as EMS, China Post, and food
delivery services. Nevertheless, the main worries
were close lateral spacing between traffic modes
and a relatively high speed, which is consistent with
the previous studies [39]. Cars and e-motorcycles
are two modes of transport which should be able
to travel at a stable speed, and should not always
have to slow down and weave around slower bicy-
cles. Bicycles should not have to share the lane with
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other modes, which pass them at high speeds and
cause riders to feel worried about their safety. An
ideal shared lane solution should ensure that all us-
ers of the lane feel safe and comfortable.

Shared lanes in China have proven to be an ef-
ficient use of space by removing the previous lane
constraints on cars, while allowing parking within
some lane space, and mixing transport modes with
different characteristics. For the foreseeable future,
shared lanes will continue to be widely used in ur-
ban China due to the limits of road resources in ma-
jor cities. It is evident that the development of meth-
ods available to improve shared lanes and increase
level of satisfaction of users without sacrificing the
simplicity of the shared lane concept needs creative
input from government agencies and professionals
such as researchers, engineers, and planners. Our
study provides reference for local government of-
ficials and planners. They could consider using re-
sults of our study to do analysis and make a decision
for a better travel environment. For example, lane
width could be expanded if the conditions allow it.
The angle of slope for cyclists should be considered
more cautiously. The appropriate speed limit for dif-
ferent transport modes should be considered. In ad-
dition, the methodology in our study is not compli-
cated and can save lots of time and money because
we can display different traffic conditions in the
video for each participant instead of requiring par-
ticipants to report from the field. Our findings also
offer methodology, variables, and analysed data to
other countries that are considering improving other
types of transport infrastructures.

There are also some limitations in the present
study. One of the limitations of this study is that we
did not consider more variables, such as quality of
pavement of shared lanes which may affect lane us-
ers’ satisfaction [40]. The reason we did not add this
variable is because the pavement condition of the
twenty shared lanes in the study was good. We may
add more variables in the model when we analyse
shared lanes in other cities or other road segments.

The other limitation of this study is that the
speeds of modes were measured by timing the
length of time taken for the front wheel of the ve-
hicle to travel the 15-meter distance between the
white-taped markers. These white-taped markers
may divert attentions of users and consequently
cause them to change speeds of modes. Taped mark-
ers may slightly change tracks of lane users as well.

In addition, we could not ascertain whether the
self-reported data by the participants in the survey
was true or not [41, 42]. The participants may select
an option that is more amenable to their support for
a certain transport mode. This may be more prom-
inent in the car drivers group because they were
more likely to use parking spaces available in the
shared lane. In addition, it is noteworthy that there
may be subtle differences of perception of satisfac-
tion between the real world and in watching VR
video recording. For example, participants might
grade their experience higher due to the “wow fac-
tor”, particularly during their first use of VR [43]. In
addition, the samples of participants which have a
high level of discomfort due to sensitivity to a 360
degree perspective during the VR survey should be
deleted.

5. CONCLUSION

This paper has set out to investigate user percep-
tions about shared lanes. The association between
satisfaction of users, traffic condition and lane char-
acteristics has been examined by a multinomial or-
dered logistic regression model. Our conclusions
are summarised as follows: Satisfaction of car driv-
ers was mainly affected by lane width, lane num-
ber, lane type, and presence of parking space. Lane
width, lane number, lane type, presence of parking
space, speed, and lateral separation were the main
factors in the e-motorcyclist group. For the group of
cyclists, lane width, lane number, presence of slope,
presence of parking space, speed, and lateral separa-
tion were identified as the main factors. In addition,
we did not find any significance of the lane type
when it comes to the satisfaction of bicyclists. Our
study has shown that VR technology is helpful and
useful in user satisfaction research regarding shared
lanes. Local officials and planners can also consider
applying this new methodology, variables, and ana-
lysed data in other areas.

In the future, we need to recruit participants who
have some experience using VR and apply a simu-
lator sickness questionnaire to confirm whether or
not there was simulation sickness in order to delete
those samples in which participants experienced
high levels of discomfort. Through a field survey of
shared lane users we can check users’ satisfaction
and testify to the accuracy of the results of VR sur-
vey. Moreover, some new influential factors may be
found from a field survey in the real world as well.
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