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There are six important conclusions from this study. Firstly, building a consensus on the
NRPTP objectives among central government and local authorities should be an imperative
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task. Some local authorities not only did not clearly understand the NRPTP key objective of
raising bus patronage numbers but also did not believe they can achieve the objective —
raising bus patronage by 5% annually. Central government should improve intergovernmental
communication with local authorities and bus companies to make sure that they all keep the
objectives in mind and desire to achieve them.

Secondly, there is a need to study what works in terms of public transport provision, land use
and psychological effects in switching private vehicle users to public transport. Local
authorities’ road public transport proposals should adapt to local land use and public transport
development. A better understanding the effects of land use and public transport provision on
travel mode choice behaviour provide information for local authorities to initiate road public
transport proposal which is fitted to their needs.

Thirdly, mayoral commitment and provision of supporting resources to local transport
authorities are critical for the NRPTP implementation. Evaluating local public transport
services and disclosing the results to the public could be an approach to increase mayoral
commitment to public transport.

Fourthly, the implementation mechanism should be reformed so that the local public transport
proposal and bidding process is done once every four years and covers a four year period (for
example 2017-2020). In addition, a performance monitoring mechanism should be built in.
Once the 4-year proposal is approved, a 4-year subsidy should be simultaneously promised to
the local authority. This can help local authorities to make longer-term public transport plans
and would ensure continuity in consecutive years. In addition, the central government can
then effectively monitor the progress of the NRPTP implementation.

Fifthly, the NRPTP guidance should clearly disclose the objectives of the NRPTP and ask
local authorities to propose clear performance indicators which link to the NRPTP objectives.
The content of NRPTP guidance now only describes how to initiate the annual local road
public transport proposal and lists the projects included in the NRPTP subsidy. The NRPTP
guidance may need to be revised to introduce the objectives of NRPTP, announce the criteria
for approving local proposals, and require local authorities to set up performance indicators.

Finally, adequate and supporting resources for local authorities are important. Lack of
manpower is the most frequent problem faced by local authorities, affecting the attitudes of
the NRPTP implementers. There is a disparate capacity within local authorities to deal with
transport business. Most of the high-density cities/counties have local transport authorities
while most low-density cities/counties do not (see Table 2). DGH could allocate some of the
NRPTP budget to help local authorities, especially those who do not have a local transport
authority, to set up a local NRPTP implementation office by recruiting some transport
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expertise. Providing sufficient manpower to local authorities may improve their attitudes
towards NRPTP implementation. In terms of subsidy, the match funding requirement and the
spending limitation with regards to the ratio of capital expenditure to current expenditure
should not be obstacles for NRPTP implementation. Central government should remove these
obstacles and help local authorities to implement all the measures which can raise bus
patronage.
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% 3.1 Multilevel MNL model results

Model A Absolute t-value
Null Multilevel MNL Model B Model C in model B
model Single-level MNL model Multilevel MNL model minus absolute t-
Fixed Part B S.E. t-value B S.E. t-value B S.E. t-value | value in Model C
Individual-level
Intercept 0.63 0.10 -2.06 0.97 -2.12 | -2.20 1.47 -1.50
Gender (Male=1) 0.14 0.09 1.54 0.15 0.09 1.69
Age under 14 0.58 0.33 1.78 0.59 0.33 1.75
Age between 15-24 -0.55 0.23 -2.43 | -0.57 0.23 -2.50
Occupancy (Student=1) -0.57 0.22 -2.59 | -0.60 0.23 -2.58
Monthly personal income
US$1.000) 0.30 0.06 4.70 0.30 0.06 4.81
Car driver’s license 0.82 0.11 7.33 0.82 0.12 717
Children - funder18)in 036  0.09 407 | 036  0.09 4.01
Household
Car Household car ownership 0.54 0.05 12.09 0.54 0.05 11.89
Trip purpose (work=1) -0.14 0.10 -1.35 | -0.15 0.10 -1.46
Travel cost 0.59 0.04 15.03 0.60 0.04 14.90
OD distance -0.01 0.01 -0.83 | -0.01 0.01 -0.83
District-level
Population Density -0.14 0.05 -2.80 | -0.08 0.06 -1.33 1.47
Job density -0.04 0.06 -0.67 | -0.03 0.07 0.42 0.25
Land use mix entropy -0.06 0.39 0.50 | -0.06 0.47 -0.13 0.37
% of four-way intersection 3.85 0.83 4.64 2.01 1.03 1.95 2.69
No. of cul-de-sac 0.05 0.05 1.00 0.05 0.09 0.05 0.95
City/county-level
Density -0.21 0.05 -4.20 | -0.22 0.13 -1.69 2.51
Land use mix entropy -1.03 141 -0.73 | -0.24 247 -0.01 0.72
Individual-level
Intercept 0.92 0.11 -2.72 0.82 -3.28 | -2.88 1.54 -1.87
Gender (Male=1) 0.17 0.08 2.13 0.18 0.08 2.23
Age under 14 0.13 0.28 0.46 0.13 0.28 0.46
Age between 15-24 0.06 0.18 0.33 0.03 0.18 0.15
Occupancy (Student=1) -0.52 0.18 -2.89 | -0.54 0.18 -3.00
Monthly personal income
USS$1.000 -0.19 0.06 -3.11 | -0.18 0.06 -2.97
Motorbike driver’s license 1.32 0.11 12.03 1.32 0.11 11.93
Children (under 18) i 0.15  0.08 185 | 014 008 1.75
Household
Motor-  Leuschold motorbike 035 003 1293 | 035 003 1232
. ownership
bike Trip purpose (work=1) 0.13  0.09 144 | 013 0.09 1.44
Travel cost 0.05 0.04 1.33 0.05 0.04 1.29
OD distance -0.04 0.01 -6.67 | -0.04 0.01 -6.67
District-level
Population density -0.11 0.04 -2.75 | -0.08 0.05 -1.60 1.15
Job density -0.04 0.05 0.80 | -0.02 0.06 0.36 0.44
Land use mix entropy 0.56 0.35 1.60 0.68 041 1.65 -0.05
% of four-way intersection 4.18 0.75 5.57 2.58 0.93 2.77 2.80
No. of cul-de-sac 0.05 0.05 1.00 0.06 0.08 0.75 0.25
City/county-level
Density -0.21 0.05 -4.33 | -0.24 0.11 -2.18 2.15
Land use mix entropy 1.38 1.22 1.13 1.92 2.04 0.94 0.19
City/county-level
Tgear 0.15  0.07 225 0.12  0.07 1.77
Cov(ayear, Oymatorsite) 0.15 0.8 2.10 007 0.5 145
O motorbike 021  0.09 233 0.10  0.05 1.80
Random Fpy S
District-level
part 2
Ogcar 0.04 0.02 1.64 0.07 0.04 1.92
Cov(agear, O7motorvike) 000 0.02 0.13 003 003 130
J
aé,,}mrbike 0.04 0.02 191 0.03 0.02 1.53
DIC (Deviance Information Criterion) 10988.85 9250.35 9207.75
MCMC deviance 10903.69 9212.22 9110.18
pD (the effective number of parameters) 83.69 38.13 97.58
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% 3.2 Multilevel cross-classified MNL model results

Dependent variable: mode choice of car, | Model D - Null model of | Model E - MNL model Model F - multilevel cross- | Subtract
motorbike, and public transport (reference | multilevel cross-classified classified MNL model absolute t-
category) MNL model value in
Explanatory variables B S.E. t B S.E B S.E. t Model B
Fixed Part from
Individual level absolute t-
value in
Model C
Intercept 0.651 0.065 10.010 -2.210 0.388 -5.696 -1.896 0.499 -3.800
Gender (male=1) 0.117 0.090 1.300 0.122 0.092 1.326
Aged under 14 0.542 0.331 1.637 0.528 0.338 1.562
Aged 15-24 -0.561 0.224 -2.504 -0.626 0.231 -2.710
Occupancy (student=1) -0.560 0.226 -2.478 -0.558 0.230 -2.426
Car Personal income 0.311 0.063 4.937 0.319 0.066 4.833
Car driver’s license 0.809 0.114 7.096 0.799 0.116 6.888
Children in household 0.362 0.088 4.114 0.352 0.090 3.911
Household car ownership 0.543 0.044 12341 0.539 0.046 11.717
Trip purpose (work=1) -0.105 0.098 -1.071 -0.126 0.101 -1.248
OD distance -0.006 0.006 -1.000 -0.006 0.006 -1.000
Travel cost 0.598 0.039 15.333 0.621 0.040 15.525
Trip origin level
Population density -0.061 0.050 -1.220 -0.045 0.062 -0.726 0.494
Job density -0.058 0.053 -1.094 -0.049 0.065 -0.754 0.340
Land use mix entropy 0.331 0.437 0.757 0.329 0.527 0.624 0.133
% of 4-way intersections 3.138 0.963 3.259 2.518 1.124 2.240 1.019
No. of cul-de-sac -0.020 0.078 -0.256 -0.038 0.091 -0.418 -0.162
Trip destination level
Population density 0.012 0.052 0.231 0.019 0.072 0.264 -0.033
Job density -0.193 0.044 -4.386 -0.192 0.067 -2.866 1.520
Land use mix entropy -1.034 0.445 -2.324 -1.285 0.608 -2.113 0.211
% of 4-way intersections 0.601 0.894 0.672 0.553 1.081 0.512 0.160
No. of cul-de-sac 0.099 0.079 1.253 0.146 0.096 1.521 -0.268
Individual level
Intercept 0.979 0.063 15.540 -2.003 0.365 -5.488 -1.902 0.412 -4.617
Gender (male=1) 0.167 0.080 2.088 0.164 0.081 2.025
Aged under 14 0.092 0.287 0.321 0.097 0.290 0.334
Aged 15-24 0.050 0.176 0.227 0.023 0.178 0.129
Occupancy (student=1) -0.499 0.182 2,742 -0.504 0.183 -2.754
Personal income -0.179 0.062 -2.887 -0.175 0.064 -2.734
Motorbike driver’s license 1.313 0.109 12.046 1.323 0.110 12.027
Motorbike Children in household 0.159 0.080 1.988 0.151 0.081 1.864
Household motorbike 0349 0027 12926 | 0351 0028 12536
ownership
Trip purpose (work=1) 0.184 0.089 2.067 0.177 0.090 1.967
OD distance -0.038 0.006 -6.333 -0.038 0.006 -6.333
Travel cost 0.059 0.040 1.475 0.070 0.041 1.707
Trip origin level
Population density -0.053 0.042 -1.262 -0.051 0.051 -1.000 0.262
Job density -0.049 0.047 -1.043 -0.039 0.054 -0.722 0.321
Land use mix entropy 0.606 0.401 1511 0.671 0.455 1.475 0.036
% of 4-way intersections 2.752 0.862 3.193 2.408 0.985 2.445 0.748
No. of cul-de-sac -0.034 0.075 -0.453 -0.055 0.081 -0.679 -0.226
Trip destination level
Population density 0.066 0.044 1.500 0.066 0.054 1.222 0.278
Job density -0.187 0.038 -4.921 -0.185 0.049 -3.776 1.145
Land use mix entropy -0.071 0.409 -0.174 -0.150 0.454 -0.330 -0.156
% of 4-way intersections 2.431 0.792 3.069 2.430 0.904 2.688 0.381
No. of cul-de-sac 0.122 0.075 1.627 0.151 0.083 1.819 -0.192
Random Trip destination level
Part ag_m 0.226 0.063 3.587 0.168 0.062 2.710
coV(0p—carr Op—motorbike) 0.172 0.053 3.245 0.092 0.038 2.421
O3 _motorbike 0200 0059  3.390 0.061 0028 2179
Trip origin level
O3 _car 0.109 0.044 2.477 0.096 0.005 1.920
CoV(0p—car Oo—motorbike) 0045 0038 1184 0048 0032 1500
02 motorbike 0106 0044  2.409 0053 0028  1.893
DIC (Deviance Information Criterion) 10987.83 9214.07 9183.11
MCMC deviance 10764.63 9170.09 9026.40
pD (the effective number of parameters) 223.21 43.99 156.72
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f Socio-demographic
factors ( Travel mode choice )
— r ¢ Walking
Objective measures of Perceived walking Overall perceived
walking environment environmental factors | walkability Walking to public
transport
-
Distances to services - . ; i
i i ; > | Accessible distance Private vehicle
° ioplélatlon (_jensny Walking Opportunities |
¢ L-and use mix Street connectivity N——7

e Cul-de-sac

* Proportion of 4-way
intersections

o Sidewalks

o Traffic volume

o Parking management

Traffic safety
Aesthetics
Crime safety

B 4.1 conceptual model

4.2 BB
A d A 0 AR SR RR LR IR TR ik
B RE e  f T LA e foal e 4 B § B
PR 7D SR EE G A B B B 4.2) -

oy A

A4

Population density

Walk access to
public transport

\.

r

Land use mix entropy £\ Street
\ connectivity ) Overall perceived

destination

% of 4-way

intersections !
Traffic safety

p
Numbers of cul-de-
sacs

Private vehicle

\.

- motorbike
ownership

Household car Household
ownership

) 4.2 Model structure
43 2%

431 # FIRB Jg A BT T E] G A T
iR F DREEL A FEPA I FF AT L ABRN FRAEFE -

1. 5-=FZ2L47  FHF XY 14 B35 likertscale 7 g% B & & (FF]% &4 47 5
2. Fo = FE AR R LY TRApER AL F I RTIRIAREEr S 2 817
A ] B N Ag D )RR o

% - = FE 4470 ¢ * likert scale & &2 ¢ ¥ * 1z B 4 % > /2 Cronbach’s Alpha »
dten Cronbach’s Alpha & % 0.746 » 2 72 B & & & 14 BRI 2 P 30— R g
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7 14§ #(KMO, Kaiser-Meyer-Olkin measure of sampling adequacy © KMO-MSA)#c &
0.79 - Bartlett's # 2} # % (Bartlett's test of sphericity) 2 % % p<0.000 > % Filif & &
TEE AT e

AL~ 741 * A g F)E & (Principal axis factoring) 2 £ + % £ #& ;2 (varimax rotation) >

PHENe BN FRBETE - Ak 41PF

g o BARNFERBEFNE SN THE

m\L

SEFEEE N FRE-AFIRTLELL 2 S8 BRE B 64.9% 0 £ 41
k5T g j= & (factor loading) =+ »*0.30 2. F] &

% 4.1 Rotated factor loading matrix

Factor loading

Opportunities & On-street Traffic
connectivity barriers Aesthetics  safety

WOl
wOo2
wO3
SC1
SC2

SC3
TS1

There are many places to go within easy walking distance of my home. 783
Convenient stores are within easy walking distance of my home. .687
It is easy to walk to a public transport stop (bus, metro or train) from my 695
home. ’
Distance between intersections in my neighbourhood is usually short (150
meters or less).

There are many alternative routes for getting from place to place in my
neighbourhood.

There are sidewalks on most of the streets in my neighbourhood. 615 336
There are crosswalks and pedestrian signals to help walkers cross busy 539

streets in my neighbourhood. )

.659

.611

SC4

SCs5

TS2

There are motorbike parking on the streets and sidewalks blocking the
way.

There are ‘hawkers’ and shops on the streets and sidewalks blocking the
way.

So much traffic along nearby streets that it makes difficult or
unpleasant to walk in my neighbourhood.

813

788

465

AE2
AEl

There are many attractive natural sights in my neighbourhood 782
There are trees along the streets in my neighbourhood. .790

TS4

TS3

Most drivers exceed the speed limits while driving in my 302 838
neighbourhood. ' ’
Speed of traffic on most nearby streets is usually slow (40 km/hr or less). 541

224 A5

= = FlF A 474 B~ 17 1 BT PRI BEenE#E F] % > Cronbach’s Alpha & % 0.87 >
KMO-MSA #cie = 0.88 » Bartlett’s Test of Sphericity 2. % % p<0.000 > & p& p 38— |4

A

FAL &L F IR .

TR A 4541 % 2 #hF) % i (Principal axis factoring) % B~d1 & 4.2 - gtk o B R
#1589 -

% 4.2Factor loadings of distances to services factor

Code Indicators Loading
WT1 Walking time to the nearest convenient store 0.742
WT2 Walking time to the nearest bus stop 0.622
WT3 Walking time to the nearest supermarket 0.782
WT4 Walking time to the nearest primary school 0.700
WTS Walking time to the nearest post office/ bank 0.796
WT6 Walking time to the nearest breakfast restaurant 0.760
WT7 Walking time to the nearest park 0.580
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432 # B F]F A EREIEL B g B

# A3 KT > #Fﬁ?&%&%ﬁmﬁ 7 B r]‘% AW FRBEF)FET N TR
BEEE S k0 il EREFEG BB FHRBEFIELI O E - BRSO
THREL T Y #BF&,,

% 4.3 Correlations

@ @ (€)) “ ® (O] ) ® ©)] 10)
Objective Population density (1) 1.00
measures Land use mix (2) -0.49 1.00
Percentage of 4-way intersection (3) 022  -0.06 1.00
Numbers of cul-de-sacs (4) -0.42 0.18 -0.23 1.00
Overall perceived walkability (5) 0.16 -0.06 0.07  -0.22 1.00
Subjective Opportunities & street connectivity (6) 0.34 -0.11 0.19 -0.35 0.47 1.00
measures On-street barriers (7) -0.06 0.10 -0.10 0.05 0.13 -0.03 1.00
Aesthetics (8) -0.16 0.09  -0.03 0.04 0.27 0.04  0.05 1.00
Traffic safety (9) 0.05  -0.06 0.02  -0.04 0.14  -0.03 0.09 0.06 1.00
Distances to services (10) -0.39 011  -0.20 038 -038 -0.65 0.13 0.07 -0.08 1.00

Bold number denote correlation is significant at the 0.01 level (2-tailed)

4.3.3 ]z *

i * stata 13.1 448 ¢ %4> 42473 (Structural equation modeling, SEM ) ﬂfr% SN A
A2 #-4] (generalized structural equation modelling , GSEM ) kit fe &5~ § B Al & B
BB TR oR h e GEA LA BIFE o

E R A ‘*f#* 23] SEM k5 B RS FRE F1E DA RS TRBE FI R 0K
i %5 (TR o AT SR £ R e T (goodness of-fit) 4 gw\ | 2 : CFI
=0.98 » TLI=0.94 > RMSEA=0.04 > SRMR=0.02 - #c¥y & 7+ B3k #-1) fﬂ#i fe & L4 o

¥ %ﬁﬁ%%%Aﬁ‘ﬁﬁlG%M Lie- A » ERH FIR s frAH 71
AESEY: ﬁiﬂ shBE A GE B ip B gLz [ e ip 48:E 4% - Multinomial Logit #-3] 5 McFadden’s
pseudo R-squared z_ #c & 5 0.142 -

%S%T“ﬁ‘ﬁﬁJSHﬂm“%’ﬁﬁﬁmﬁﬁ& FRblde A v RE 2 ERE
(NS “}Pz Tt b ‘ff” %+$9:€ ’ ,'Edﬁ FIRE FlF blded H 7 1 BT PRIFIR

*

e ;/?L_.f’/w ,%'ﬂ"fr——]—i&x et B EVJ
TR el s KA T BRIER TR
1B ke o

FABFZ (H 71 RTRAPRE R - H T ¢ FFRENY  AFIR - H T
afrd & 2) FIFMT Y TR BRAGERESLAF BT HF R e
oo (£ 44) o Z%87 0 B A MY S TR TP At 1 $E % 73RBS E
SR~ TS g AR FIERrRA X 2ehA B2 0 B P
g e (0381) o BF I ZRME iR (-0272) > £ R EAATH R
B (0.264) ~H# Fres (0197) > s i % > (0176) -

b7 F.P_’éi’ HEEGE (TR e Al O 2 T = =

EBEER AT BTN S

T
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4403 5 GHERR T Y RS TIA LD BREE L WM - AR ] R
CHARCIHRERT AL TR E B 2 RS PT B R P AR §

FEHTIRBGEHOIERIRE s R TR L FERRE - BLAA T BAR
AT o e B HE F o BIRER T F ST B o H (IR ol 2 B A @
FrapMeELtRR e gt G R fARM o BT R FE IR RER T F A R AREFF S
P SRR U R/ el e SR ‘}9357‘;»_% FOUFAFEL g o L F]P T ARS B DT
S D R o T - 25 o [ AN Gl TR ARFL 5 F 2 @ e
N [ pa 2 = SR N ) s— g3 .

Bk Bt b o A PR E i Y F AR T A G BRE S AR o L 2
B A i L P

PR LEF L DR TERY FREFATREET S TS FEL
BTV R A g AT AL B - HT O AR ol YR
AT S TR e LG FISALE A T Bka fTEAR o

% 4.4 Structure model for objective and subjective walking environmental factors and walkabili
j j g ty
Coefficient Std. dev. t-value Sig.

Distances to services <-
Population density -0.373 0.034 -11.140 0.000
Land use mix entropy -0.106 0.031 -3.460 0.001
Percentage of 4-way intersections -0.103 0.027 -3.810 0.000
Numbers of cul-de-sacs 0.187 0.026 7.320 0.000
Constant -0.002 0.026 -0.090 0.927
Opportunities & street connectivity <-
Population density 0.358 0.035 10.380 0.000
Land use mix entropy 0.083 0.031 2.630 0.009
Percentage of 4-way intersections 0.107 0.028 3.860 0.000
Numbers of cul-de-sacs -0.120 0.026 -4.550 0.000
Constant -0.031 0.027 -1.140 0.254
Aesthetics
Population density -0.167 0.032 -5.280 0.000
Land use mix entropy 0.003 0.032 0.090 0.931
Constant 0.016 0.027 0.580 0.559
On-street barriers <-
Land use mix entropy 0.074 0.028 2.690 0.007
Percentage of 4-way intersections -0.074 0.026 -2.850 0.004
Constant 0.011 0.026 0.430 0.671
Traffic safety<-
Numbers of cul-de-sacs -0.026 0.022 -1.150 0.249
Constant -0.004 0.025 -0.150 0.879
Perceived overall walkability <-
Distances to services -0.272 0.054 -4.990 0.000
Opportunities & street connectivity 0.381 0.047 8.170 0.000
Aesthetics 0.264 0.035 7.600 0.000
On-street barriers 0.197 0.036 5.510 0.000
Traffic safety 0.176 0.038 4.660 0.000
Gender (female=0) -0.094 0.061 -1.550 0.121
Aged 55 and over 0.169 0.128 1.320 0.186
Monthly income >= US$ 2,667 0.161 0.087 1.860 0.063
Constant -0.051 0.048 -1.050 0.295

FASHAELER DR o T FILORE oo 300 ik g 4 T BATER Y
FLIOLEWeEB/fP ATL B BIPTRA TP P B RGP PHFRT 7Y
TR FRe o ARE R DR A 0 ARG 4 AT 0 B8 2 L E SR
H Eﬂ:.ﬁ_ﬁli?sbxfa‘&ﬁﬁi R I AN ST Eﬁﬂv‘g%@ #E‘ﬁ e~ HERE 0 B

* LG RA AT FRE R R RS R D2 HE R

NS
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%4 45 Walkability and -demographic characteristics influence walking behaviour

Coefficient Std. dev. t-value Sig.

Overall walkability 0.414 0.098 4.210 0.000

Gender (female =0) -0.372 0.182 -2.050 0.041

Aged 55 and over 0.937 0.371 2.530 0.012

Walking to access public transport ~ Monthly income >= 2,667 -0.368 0.264 -1.400 0.163
Household car ownership -0.716 0.140 -5.100 0.000

Household motorbike ownership -0.707 0.096 -7.390 0.000

Constant 0.985 0.223 4.430 0.000

Overall walkability 0.401 0.179 2.240 0.025

Gender (female =0) -0.370 0.327 -1.130 0.257

Aged 55 and over 1.623 0.555 2.920 0.003

Walking to destinations Monthly income >= 2,667 -1.341 0.598 -2.240 0.025
Household car ownership -0.720 0.254 -2.830 0.005

Household motorbike ownership -0.642 0.173 -3.720 0.000

Constant -0.619 0.371 -1.670 0.095
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$5%  SPHILETRHET PP

AR S Z e BT R (RQ4) » Hp end 7 f2eaha 4 (capability) - 4% ¢ (opportunity)

fe#s % (motivation) $438 £ 5 % (7 5 (58 -

FEERFL AP A B g AFAR G A BP R g AL L

2 SR REBPNFRT N F
AL B 0 (8 (pro-environment value) - ik & (attitudes) » 2 LR 4= (subjective norm) »
Frif ¢ & 7% (perceived moral obligation, PMO) » g &7 & 454 (perceived behavioural
control, PBC) 4r & BWi(intentions) o % = B p eI I H S LA P LB E T & F2a 4
Frigg® o rip e HELER PP T LI HBOPT RS FEDPEL] &
fE% P A ho

S1HHE

AR BLF g M - FERTEELERR A AR B A B (B e 4 ) fot
+ Poi A e g TR R R AL - LB

(F51) -

Capability 1
Socio-demographics factors

Public transport

Opportunity W
Public transport provision
Walkability
Land use

W51 HS
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% 5.1 Correlations between motivational factors

Hoptk > AL

Pro-environment  Attitudes  Subjective norms PMO PBC Intentions
Pro-environment 1.00
Attitudes 0.22 1.00
Subjective norms 0.25 0.12 1.00
PMO 0.41 0.41 0.47 1.00
PBC 0.15 0.51 0.44 0.51 1.00
Intentions 0.27 0.44 0.46 0.63 0.77 1.00
AT HE T 248 SEM ] o A% - BECA AT B A B A kR pEA B
fﬁfﬁifﬂ o H - foF = SEM AT 1A X d —‘ﬁ P fRL B foisd @

FHRY 2L 2L IE LR PRE -
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% 5.2 Structural model estimated results for intentions to use PT

Model 1: Whole sample Model 2: car users Model 3: motorbike users

Path B SD Sig B SD Sig B SD Sig
PE — AT 0.22 0.026  *** 0.18 0.051  *** 0.25 0.041  H**
PE — SN 0.25 0.025  H** 0.25 0.044  **x* 0.21 0.038  ***
PE — PMO 0.33 0.023 ik 0.28 0.042  H*x* 0.29 0.037  ***
PE — PBC 0.05 0.025 * 0.02 0.004 0.09 0.029  **
AT — PBC 0.52 0.023 ek 0.36 0.036  *** 0.34 0.029  H*x*
PBC — PMO 0.25 0.026  *** 0.21 0.053  *** 0.30 0.053  ***
SN — PMO 0.30 0.026  *** 0.36 0.047  *** 0.34 0.042  ***
AT — IN 0.01 0.018 -0.02 0.034 0.07 0.026 *
SN — IN 0.06 0.018  ** 0.12 0.039  ** 0.05 0.028
PMO — IN 0.28 0.018  *** 0.27 0.037  **x* 0.25 0.025  H*x*
PBC — IN 0.52 0.018  *** 0.46 0.041 ok 0.42 0.034  H*x*
Constant
Total IN variance explained 72.7% 69.3% 75.0%
Goodness of fit (GOF) RMSEA=0.063, CFI=0.997, | RMSEA=0.069, CFI=0.994, | RMSEA=0.000, CFI=1.0,

TLI=0.974, SRMR=0.018 TLI=0.956, SRMR=0.015 TLI=0.999, SRMR=0.006
Sample size 1427 413 565

PE: pro-environment value, AT: attitudes towards public transport, SN: subjective norms over public transport, IN: intentions
to use public transport

Level of significance: p<0.000 “***’ p<0.01 “**’, p<0.05 ‘*’
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0.22 0.01

Subjective
norm

Pro- 0.25 Intentions to use
environment 0.33 public transpor
0.05 0.52

*: not significant at 95% level of significance
GOF: RMSEA=0.063, CFI=0.997, TL1=0.974, SRMR=0.018
PT: public transport

Wl 5.2 Intentions to use public transport estimated results: whole samples

0. -0.02"

Intentions to use
public transng

0.25
Pro-
environment

18
Subjective
norm 0.12
0.36 .

027
033 PMO

*

0.02 0.46

*: not significant at 95% level of significance
GOF: RMSEA=0.69, CFI=0.994, TLI=0.956, SRMR=0.015
PT: public transport

W) 5.3 Intentions to use public transport estimated results: car users
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0.25
Subjective 0.y
norm
0.05
i ' public transpo
environment 0.32 025
0.09 0.42
0.3 \

PBC

*: not significant at 95% level of significance
GOF: RMSEA=0.000, CFI=1.000, TLI=0.999, SRMR=0.006
PT: public transport

W] 5.4 Intentions to use public transport estimated results: motorbike users

53 &3
1L B85 4P ¢ FHPFE g
LEHEFS
2<ﬁﬁgpfﬁwﬁ%%,@iﬁ—3g¢J iz
B ASd HARRY >R EROPFLIRRY 252
BRVE G Ao R %Wgé"ﬂ'*‘#;}.ﬁ?ﬁ%ﬁwfgv CF R A S :
AR ARG R R DHER AR R 0 blde B D R ERP T 2 P2 ER
m?iﬂ’ RRARHILEHR Y PR E I BLEG 0 T O RS R
BARMGLAE $T 2 LR T g AT L IGE R X BT 2 LR Y nd,

3
o]

B ERLRRY o5 2

O R E

"ﬁ\

KF"

g]o

3 MK WUMERT R ARINFL v HFFPTRT 253801 5 - &7 i
Fle A mER e XX -FBYRFRELS 0 SF TR F el
9 L TRL SRR IR R AR R 2R

4. BERB EAH S S LA E T T N OF R kA > TR ok
R L FRFEARBRD ARBEOEHLRrF S DR FLEI HER - 4
BRE o B A E AR RIR Wﬁﬁ%#& B

5. AP FEWE Y AT LR 4

39



$63  FHRTAREERI RET R

6.1 4 2 £ LA FFH £ (UITP) § 3

6.1.160 E =& 2 MR < ¢

1.

«“P

£ i F%E T € (International Association of Public Transport, UITP) & 2 3k & = ¢h
Sh e 3 1885 A nig s e 128 & 0 g o W”‘m] RN
B 2 2L EEH SR 0 £ f 5t 3400 H o A G 92 tl%ﬂﬁ i E
FAB S 23 e BUEE IR EMELE R E Eﬁi;]ii;fé PNE S TR A

~E A @z]x«% g (UITP)* & & 7 B - & 275 € (World Congress) » 3% 5 § 1T &
fifadz piRiF Y & 2025 &# 23k o % @ﬁ;—lié * % & & - & (Doubling public
transport market by 2025, PTX2 by 2025) -

EARE B 1) 2#@'@?]?% R P %I E p 2011 & 4= # 7% Growth with Public
Transport International Awards, i% i & 38 ﬁ% s FHR IR FSE iﬁﬁiﬁl EN I
A E - R R ERARR TS 2R E RS LR -

102 # 2 7 ¥ 2010 #4=4 Fqud 2&%2#@@1%}5%?3 ;> %8 T Surface
Public Transport Reconstruction Campaign in Taiwan, Towards PTX2 by 2025 | *%]3

# ¥ %47 Growth with Public Transport 2013 International Awards” 738 2_ 5t K3
(Political Commitment)s p ;%1 - 2013 # >3k %355 43 B R Fo A28 240 B3 %
9}4,[ /ﬁéjé"I-LL o

3R ST F(Asia-Pacific)i= 75 I X Rrs RKERAE S FE =Y KBS
ARFT4eH s B kT I BNE P AR %\%E oo T 2w 20 L2kt »iE
H (finalists) -

*W(?S

. % i %~ iF Global Award Finalist > 5% 26 p ~ ¢ # ik - vg % PRI A g

RAAEDNFHEE S RN

.5 7 29 p &% € kDI~ ® € k(Asia-Pacific Session)® 3 % " Attempt to Change

Mobility Behavior - Holistic Public Transport Planning, the case of Taiwan ; - 3% % &
?33%ﬁ§9’“£‘@m$%a%%#%o

51 29P 6L A HEHRMILAL 0 FBRL LA REH  (UITP) $63 £ Alain

Flausch #. p »g % Growth with Public Transport 2013 International Awards & ~ % rcin
K ﬁ(PoIiticaI Commitment) f& g -

R A EIF LS PR L %4 Growth with Public Transport 2013 International Awards® £

RE E Fﬁiﬁﬁéiﬁ (Customer Service Awards) » 7= i& » & {s » i 20 B ¢ H (Finalists) 2 j&
SEET S HRE R PRI BRI o

40



,E-
1 AR
JInl i1l 2083

)

inistry of Transport and

e 4 Communications pepartment of
¥ Transportation, Taipe! City, Taiwan
A

UlP

UllP

Attempt to ch

ange mobili
behaviour e
— Holistic public transport plan

v

W63 MM L ERE R+ %

41



W 6.4 EpEE R

| ’GRWA VISION
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Political Commitment Innovation Ay
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MINISTRY OF TRANSPORT AND COMMUNICATIONS - Taiwan

E——

lﬁ]ﬁﬁ_ 6 POllt;Cﬁl Commitment Global Award Finalist ##

42



W67 ETE

6.1.2 4 % 61 & o & i W% ¢ (UITP)R /i < ¢

1. 2% 2 W% % ¢ (International Association of Public Transport, UITP) E_p = 2 5f &
R Qii o R hF 2Tk 92 B R Ree ;ZEL;FKI% s & Bye- = World
Congress ° #* =t g;;i,%*ig;“ S5t feg @ %’-'i#bﬁ\iﬁé\é’ TEL FHmE
gﬁbﬁ\@;}ﬁ AfE HREHE S LA FCRERAE R R RF RSk 44 s
B LE T %; A A o

2. 7% 10 p *+ = 11am-12.30pm >+ Parallel Session 20 - Open, big and smart data f§ 3%

DB E TR f RAee e gL AR F 22 PRIy, "How Bus Information System
Transform Bus Service in Taipei’ - fjdF 4 3 £ A 40 ¢ %51~ 28 & fi T 5 i

AFELE S RNTIRI C FUEZ 2 AFMP AL FRPT Su f £ LB A
BRHPIT ERGEY e @Y S RFTHE 22 BEFTAEE 2L ETRLE
2 A3z 3 #(Origin and destination matrix) » 3% T3 A k& A 7 e d o B AR
?’;.ig}i.n% PR e B BN FAoiE- o

3. - ¢k~ ¢ 7 K3 B Mr Vernon EVERITT, Managing Director Customer
Experience, f§ 3F G 3c#> 23 ~ S T4 R * 7 Innovation in London’ s Transport:
Big Data as Game Changer’ > H ¥ 4p§ % - S FRRE* 7175 54 - BRI
I 2030 #4r7 A ¢ gok-iE 1000 F 4 (maega city) » PR AR OB sk 4600 § vk
o ARG 2500 e o ARE RPN F R K Gl4eT
1) %~ #edp 2 i T kR ¢ 45 Oyster card (Ipm? BB B 2B B

T BB TR RTINS RE AT Z A E SR F A (such as

A2 400 F ok BT I I 4 Fpt o 2 PEREF
z

43



3) BILHE by B BIp T AR OBk E s 4232 F4L(Origin and destination
matrix)4a i » T * ZFR TR I RAET FRRE BEGOPEE > 4 &

4) H3E bt 2014 #FF 2B R ER|FE 2B BET N A\ﬁ;}% BT 4
WP IFEREF WL UER T RERBEHPH S £ T

5) #3c & i Lz (Oyster card)4rf Fdviifin s SR B R HR LS P
A AR ]—i’- 2= | -+ ﬁk‘ *4‘\‘ El’.p.u.lb ’ E %j&‘;ﬁ‘ifﬂA-E‘?‘;r\ X2 08F o
6) st vt > BITE RS BE B LEM T FTAA TR M £ 318 0 4ol regular
frequent user, occasional user (residents), irregular frequent user and occasional user
(visitor) - & 4% traveller’ spattern %i& {7 ¢ 324535 P2 F K3 f -

4. BH€R T F T AL R ATE 2 7 (Starup) Moovit f§ 4R 3%4cfe B & B T AL > 1 %
148" The power of crowdsourced technology to change the transit experience’ -
Moovit & * T e 45 F > F i F et b ¥ % F 3 (crowdsourced live updates) k #& &
s s o2 T B Moo P owdk E 2>k 600 SBED S EIUT F' Moo P
Moovit app >3k = 7 4 2000 § i¢ * 4“ RN R =k AT 4o 2% app FRAR o
F AN A5 http://moowtapp.com/

Moovitapp & & F 4T

@ 20M+ users
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@ Global Marketing and Partnerships HQ in San Francisco

5. ~#3-¢ & Open, Big and Smart Data’ =313 T > PhoZd 1454 > 212
ﬁ@%%é?ﬁﬁﬁiﬁgi@’?Wﬁﬂi*&%@”ﬂiﬁﬁﬁﬁéiﬂiﬁ’
FA AN REFTAE RS TR TREAT A& AR NS SR
TR 2 (722 2% @44 PR APERERAERE FTRAEL - AL
ERHaEE 2RESDERY AL T A% o

6.1.3 %4 16th FETRANSPOR Bus Conference

b

1. 16" FETRANSPOR Bus Conference

44



1) A3 §ER T F L OFEPE 1 & FRAT 2016 & BiF ¢ #2028 GE %
AT E T AT 0 dofe Flfl 2016 £ RIF G0 FAE

2) fi4F i 4% " Bus System Reform in Taiwan ;- /i %5 > 817 & kfgd o o £ 3F
ﬁ%)’?g“i% ,?glaij“%m?, RHEEAR TR o B E G LT E o A bt
EAAS - @‘J JRARSH o & o £ iE @‘J 11 accessibility and mobility o

' de novembro
&0 quinta-feira

Auditério 3

A Importéncia do planejamento da mobilidade por énibus - UITP

América Latina / Asia

Induzindo a demanda através da racion abastecimento da

rede de ma perspectiva politi n Mohd Amin,
litica e

similaridade com o cenario asiatico

il dade em Talpen Chien-Pang

W 6.8 § RRA

g9s SEMINARIO DE

W 6.9 FrdH & ¥

2. % B2 ¥ BRT (Bus rapid transit) 2 %
1) @ ¢ BRT § %

45



B

INTEGRAGOES

(®) Linhas Alimentadoras
O err

Q) Terminal de Onibus Urbano

‘Cartoro ée Morses tes st

SERVICOS OFERECIDOS

PARADOR MADUREIRA X ALVORADA

Seg.aDom. 4h as 23h

MADUREIRA X PENHA
Seg.a Sab. 4h as 23h

PARADOR

PARADOR GALEAO X PENHA

Seg.a Sab. 5h as 23h

FUNDAO X ALVORADA
Seg.aSab. 23h 45 5h Dom. 24h

ALVORADA X TANQUE
Seg. a Sex. 5h as 8h/15h as 18h
fexceto feriado)

PARADOR

EXPRESSO

EXPRESSO ALVORADA X MADUREIRA

arcsor de Jscarepagus

g @) vt Seg.a Sab. 5h as 23h
¢ _— on E ALVORADA X FUNDAO
T ¥ T T R % b % % S B Y, N T Y G, %, & i o0 FUREO h
L R S %‘aﬁ, R N, i = Seg.a Sab. 5h as 23h
# G By % St R, e i Y e %, oD
4 %, “, %%, 20 % % A
o 1*% . % % R "«,"" T % %oy on SEMIDIRETO ALVORADA X GALEAO
- 3
4 b 'Q’-QOC) - Seg. a Dom.24h
= o)
+ TAQUARA + VICENTE DE CARVALHO 3 « ARACY CABRAL 3 by
24h v g Sha1h e 4h as 23h
* LOURENGO JORGE + IPASE + PRACA DD CARMO « AEROPORTO JACAREPAGUA , u11 s auEiROZ « TERMINAL MADUREIRA
« VIA PARQUE * PRAGA SECA * GUAPORE + CENTROMETROPOLITANG , penon 1aoues [PAULO DA PORTELAI
= *RIO2 * CAPITAO MENEZES *PENHA 1 * REDE SARAH « PASTOR JOSE SANTOS
HORARIO DAS  *PeoRo coraems + CAMPINHO «PENHAZ « ARROIO PAVUNA gy
= * CURICICA « MADUREIRA (MsACEIAl  » OLARIA (CACIIUE OF RAMOS! +RECANTO DAS PALMEIRAS . cA20050 OF MORAES
ESTACOES - praca00sanoouM  « Mercanio + FUNDAO 0100 MELOOAI ettt WIivA GARCIA)
«VILA SAPE * OTAVIANO * GALEAO - TOM JOBIM 2 S DIVINA) angu ) * SANTA LUZIA
RCRTEALI +VAZ LOBO * GALEAD - TOM JOBIM 1 SARANTA REIORNIK « MARE
+ MERCK AR + ANDRE ROCHA J
SEMIDIRETO
EXPRESSO

PARADOR ...;.',.:.;'.: ..E.H.:...‘.J;;;'p'...l*l‘.?..;s’*\e
O aoh0% 0 P I o, a0 o 0 s o5, D o 2
R B Ao o S’
S g i = P I
GG

2) Alvorada Bus Terminal

a. Alvorada =
%z BRT

3) BRT # §m

oo oo

BRT &
_gswar;,ar;

o8k
# % BRT # @
k%

ﬁt’

o
&

>

BEER 182 Kigmd ki 58
BiREER R AR L REA

|

R R S E LT

o

ﬁ" 2

Prid i B2 T o
- R RS EEHED -

46

iz 120 A o

g PR AL o

g2 B BRab2 BRT #4ev 17 %%



W 6.11 BRT # frdk * g4 2 2

B 6.12 BRT # & 3

47



W] 6.14 BRT ¥ 4% * iexp |+ 4 §

48



) 6.16 BRT 3k A % %

49



S SR S S S SR R
AR R R N NN
TS
DT ORI
KRR
DI R4
NN

QAN R0
IS Sz,

.li] 6.17 Platform-level boarding

50



W 6.19 % ik d fmiTEAd F T AR

RIO

PREFEITURA

bilhete

unico
carioca

W620 82 BRTT L&

4) BRT @ 4r4]¢ <: 2 242 A& BRT # 45> d BRT #1{2 ’E@#"'ﬁ’&
Alvorada Bus Terminal &k 8 BRT 45741 # ww o

51



¥ 6.21 BRT ##]# w » T
¥ 6.22 BRT =41 ¢
52




~«
<3
Z«
3£
%o
&5
W
s3.

) 6.23 T = 2L 4 BRT % 4 i

oD FERE

NearpipgEa HF 20 ABGDP Y 11,000 4 (54 20,000 % 4)-
e f > T F i AL L AL F s e R Rengl 33 4R K RN
110 5% o izsv3Fs & 5 i%* ser 8 g 4 T (Purchasing Power Parity,
PPP)# & = i 41,000 % £ > 5K 15,000 £ & o F AR do%k g et

oz o {éﬁﬂ%?ﬁ,ﬁk‘,% EF oot R FRY {zﬁtﬁ%%\{/ﬁg 7 o

aﬁﬁﬁzggﬁg@,qﬁmQaayﬁﬁu&fﬁ%,iﬁ§%Qﬁ 3

Reals( ¥ & i 36%) 48 3.5 Reals (5 5% 42 ) » 4ok & 43t 9718 k&
UEA ;ﬂr % ﬂi%a")j}‘ggﬂé—rj‘ﬁ;ﬁk% BAaFAEE IR E
“ oo

N oREWMEGFFESF 4 FpAT LR EHI LRS- REF o LY
Bt o @2 R FRBE L 0 RO RRAF KE 2 20T A Y
FoBELGF P AL TEREY v 2B HAE 2 P RE(REDETRA)
EWHe 23~ B ad ] sugerloaf, #7159 10-20 #48 > &+ £ 3 ~

4) 2B 2 RARE B LI A FP AL KBS KRR R EYR R
NBNERR AR 0 WRT S XA ZHA LY o R AERERG S0 D
PR BARE R B RIAKEI S E - AR L

5) L A Ermeh s RN LM ¥ & gﬁﬁ{ﬁé’biﬁgﬁ T F o8 PRy el @
oo (R2) > fFRBHE -

53



We242 ¥ dppd¥ |4

TP 2R ZOEREAARIZTAEERESD > BT I8 B2 5 500 #m
DEBRERGNERL (RF ARG RN A ER KD A RIBREE) R

B hitG AR mlﬁf,rﬂﬁwr%’wﬁ—*%ﬁmxno

8) L kB RAE Aot Fena B L o g fli (iE- L p) Qeno B
RpAF o pdi ke FiEH A A RBER NS M SRBEF
EoB ey 20-30 9 S o

9) 2928 PHBIEREFL  Fih AN L0 FHFL 22 P EY
AR o T oD 3 gRFE S EHT BENF OE “Lr'“‘%‘i’%“é%f‘ Aoy
FREREALD S - FRADRFS GBS o DB G DD AR

FHROE2I2ELEHIBEFEEEFTR
6.1.4 %+4c 2nd UITP MENA Public Transport for Large Events Summit & Showcase

. R v%'rﬁg? 3¢ T How Taipei Manages 2010 Flora Exposition and Future Universiade 2017 >
2414 2010 ERETAEFTE L Leh R E ARG E R o F oA
@?fA Eiﬁwﬁ’ﬁﬁ7Wﬁﬁ.@?Qﬁﬁﬁliéﬁﬁﬁ°%%%

54



2017 & ~ i (Universiade) © i {7 L9 2 A1 0 S 4 ~ $#22 § § > w8
% & (door to door) e i PRFF » ¥t LA R E] 2 ;F#i@ﬁ%l?;\ ERESESE T G ER

W 6.25 i & &

2.Qatar 2 3 & A7 > FlERe B 2 2AW Ty o &2 2230 8 1 Riyal (9
oM 86 L) R E A -Ql/,m_ 4 2#@%73"2’3} o B a f Doha # ¢ &
&d*ﬁﬂﬁ RO 0l 5 A RER L PR kA e

3. WL P~T] 2022 E 4 K ir Ak F(FIFA)L 74 - 5 R 2 LFWIIE% & B4
T FTRE ”ﬁ%FE%\iﬁ%HW@*ﬂr@$W¢iﬁ%°

4. Qatar 12 Fp3*- . 2022 & R F w51 2000 fpAT & o P 1590 & Riyals(¥)
441 B % &) E gz,,] S EL s @ T R pE gk Si(light rail) ~ H3F & Si(metro) 2
iﬁuﬁ‘é@ﬁ%(rail),ﬁ‘s o Fp’si SRk ELHEd P om0 2500 > 2 3 E 3 8500 2 2

6.2 fbc B R §

6.2.1 %4 4 B EHE §F71 § (HKSTS)

1. % 2015 3% iﬁs\ § ¢ FEF7 3t € (HKSTS-2015)f 47 "2 3 i@ * &7 b3 7§ FH
i iR 2 B2 Analysis Of Land Use Effects At Different Geographical Scale On

Mode Choice Behaviour in Taiwan’ °

55



] 6.26 HKSTS fj 4%

2. B L F A BE A B Qi@ﬁ%%ﬂﬁﬁ%ﬁ‘fﬁ oo BRfRP B 2P 7 Y
=0k
6.2.2 %4 95th Transport Research Board Annual Conference
A3 EAEE T = % [ Applying multilevel MNL model to analyse land use influence mode
choice behaviour in Taiwan | » 4" 5

W 6.27 5% 4% fj 4%

56



’
)+
o
1;;
w
.

APPLYING MULTILEVEL MNL MODEL TO ANALYSE LAND
USE INFLUENCE MODE CHOICE BEHAVIOUR IN TAIWAN

st
o , e i e s st

e g A ey, v e
oy
= o o e v ot

RESULTS
- MENC cimation i i s 48 200 e
o 00

Y et Bris s + o0+ Ga W
S AR pen s o o
Pl

e s ey s

. .,mm o it
Oy v

b o o v i

sarubles
eyl explanakey varishhs

3 coelcmn e the ity coumeyelexplantiey

o e aml 9 e i teyeland oy oyl

e oy
L. i el i o

W 6.28 & 77 i+ 4%

Transpmt};liun Research Board
95th Annual Meeting

January 10-14, 2016 = Washington, D.C

W 6.29 ¢ > v

TRANEFREBET R

WaorpFd VEb K 2007 £ RN EiE o g R EAp B FIL kA
W%%@ﬁ?%Fﬂhéﬁmﬂsn g M*M@Z#&wi@#wﬁﬁ%fr

57



B 6.30 = &% urpkd (1)

2) VElib’ 3 3 Bt ik £ o B KR pERBOREELEE > TASL
BomIfrHELS LY  PHE S RGEPESQRY fE b S @ E 14

oo r Koo

p

® 631 = F2xuid (2

3) Vélib’ p 7 @ 7 4z 20,000 -~ =& p 78 > 1800 AL F = 0 & 300M Tk F -
F e
58



B o

78 1 1 73 1=
Vélib' Classic Vélib' Passion 7-day ticket 1-day ticket
FER €29 €39 €8 €1.7
2 30 A 4% 45 A 457 30 A 4k |+ 30 A 48
= gu %‘f gu ?‘% gu % gb %
BAPER S
$-omam| €1 €l €l €l
1st additional half-hour
AP
£ €2 €2 €2 €2
2nd additional half-
hour
2 f5A L] pE
Any further time, per €4 €4 €4 €4
half hour

> &‘Lé'% 14"'26%{"7’3‘;%;—? ﬁ*%,%mﬁg_fﬁ%i‘ .
> 2 pFdE RS 3RS Bonus VAR Fak > FANT S  pRE
159%3!.4?" °

W 6327 %2 iEpel

59

B

17

“hen



W 6.33 7 4 2 BrEp 2 Hor

60



6)5,1%511 MFHFR{ X2 "HFD R l__}i)‘r’g;fir‘%ljfgﬁo F,ui’]fﬂ%ﬁlmﬁo
ﬁi’_u%?’f‘ﬁ;ﬁ,j_,&o

W 6347 % it v &7 Hor

T & £ % (Autolib)
1) = W Autolib 344 5 23 % - fl%‘}""r* ERE LA ET R b G HARE
F2 Ao

a. 2010 # 9 * Autolib3*F4a# % R ¢ I & %3~ Bollore & B3t (x4 »
2 Hp 12 & o

2011 # 1% 25 p 25V 8 9

2011 # § R B4k a2 8 » = 2 BJR? w oo

2011 # 10 7 2 p 33 2% 2 dmfeig=h2 66 dmw d 2 for 438 o
2011 # 12 ® 5 p %= 250 & & £ B dmfe g =p 2 {250 @R 6 8 o

f. 2012 &6 % %= 1100 &= £ 2 jmieif sk 2 1T40 T &I X E (T B) © 7
3102014 & #x = 6600 BAR g 22 F ik 3000 fp T H B o

g w3 —ﬁ%32’5WE¢%’i?£%ZWﬁﬁnﬁi
TR* s FEEPATEIRAPFATXAFIGF 2R
h. %% %=xb: https://www.autolib.eu/en/our-commitment/urban-revolution/

2) ABTg S AT

=

AN

g 0

2z,

o

32908 A

a. B REF2Z AfRAEO Y~ € 0 ALY ~ ek Kiosk & PRI
Bir fR oA ERCAEERR S LaEp T ARy

b. 4~ & B ¥ 5@ - & RFID #% (RFID badge) » & s* ck T+ i& {7 8 fmAefg o

3)

a ¥-EER o ERTEE120%~ £ 8 4ws 30 44855 5~

b. Fe- B §R - ERFHY 2%~ 2T 2inF 30 4465w~

c. - R ER ARAFERI0OmA Y RS 304 H TR~

A TePFg R et B ged 30 A4 O E A -

61


https://www.autolib.eu/en/our-commitment/urban-revolution/

TR AT AR AR

V@ Google Tavise =7 2 Viow dol estace .+ VGG Cheo P0eg -0 = " i EABITT

P

E: 3

5 Aoge ) Leae ‘MAEA D argiolnk - You.. W E5C-SchoolR. B 1800 Reseachse. ML e Develogm..

nputer Allow | | Deny

5 o s 6 wcarren @ e e ‘ aumo ‘

Ouecommemant  owdser twekl  Sulsramas  Oharandren

Comaaninn

B 636552 %3%%

62




2

B 6.37 B fl% 2 £ § 2.8 AAR M

W 638712 x3%48 KIOSK

W63 4 2fme? AT

63



6.3.2 it B4 o B 2 i e
1. ﬁ,l:??]ifu L0 Mk st > e 42 S-Bahn ~ U-Bahn ~ Tram {= Bus > % 2 )
2 Al BB o

2. B2 < W»\s’é’%} A EFApE 5~ > 3 Single Ticket - Stripe Ticket ~ Single Day
Ticket ~ Partner Day Ticket ~ CityTourCard ~ Weekly and Monthly Tickets & > & % ¢
# I Bl (Inner District, Munich XXL, Outer District or the Entire Network) @ 7 7 f h&
B s AmEEE R AT ARG o

3RRBANEN FARELRGFIAFEE > LREFTOPFPN O BE- I TTH
T i W@@J, B0 B REL R R GRS AR S & B AR <K
8 SRR o

4 WRB > T BHREMP > = 2T EFIR - AF L 24| Single Trip Tickets,
Stripe Tickets and Day Tickets i #* # « /f £ .5 L % (ticket machines) + 3w & p # »
FRITAR G EACE o

5. A BT AT FEEY p 72 L FER 29 S-Bahn ~ U-Bahn fr % s 488s (7 F
YA AR LT 6T OPFE R - P T TS 4APET] 6
Ef%) e JE ¥ {7 § > Bycycle Day Ticket é7% 5 5 2,50 € 0 & fap % F EL L B

B P TR R

7. B R 2L Tram i@ * jhx B '%E’%Q**iﬁ’t‘ﬁ*’ﬁiﬁﬁ“ﬁa’}iiiﬁﬂ” -
Tram sniF® 2 FEH s B §RIE4e > Tram 03 QIR F T2 > DRy R G p
]'—rj'jg,;’iflgﬁ K]'—rlE o

64



65



CHA R Tram g 2 4RS - BARFILE Pl

SOV T o J R FIRFEH Tram 2 28
B > A Rk o

66

4




ETIRS
»
)+
(i}
&
A
A
&
?::
)
e
&
=
-
It
&
. )
—
=
QO
3
%
N
a8
!

2

o Tt P B R 2R B RE 0 B ok

T8

11. Wurzburg 5 Tram $uig 72 F 5 = 35403% 0 o3F Tram b end §5 {7 % & Tram
gt o [FAT FARPLE 0 A FIEE A AN ARV iEg Y o

P




633 jp f i~ 1P S gy R R
L p#&E
D) pé&F+ oRm%ET - BPRIZFDIMA FEFHLRE KFIHTRLB
AP N EREfoFe B SR IREMp FARE D 23 FABEE
Biiirlea o BERHIS02 > P F 600 L~ D HpEH o
QpHED 2k p A fveloh  3ERE > TANLR G E AR DRH F
PHEARCRAFT RIS ERB LG o RO RS E S TRY

e 5o

e

68



\

) pHEH 2L pi7d veloh #* TF @4 pdit F32 ks BRI HF Fdpr
BTG D > 7 A LBy BAEE P falic, XV RY 3
AR T EE e o

4) A FH 2% p (73 vel'oh»t 2008 £ F 25 BAEE k> HFE I P HERF T2
BAEFk o 95 300M~400M T3k — A2 F 2k o veloh 4 F =k & hiE 3540 T
0T

R = ik
2008 & 3 * 25
2008 = 8 * 28
2008 & 11 * 32
2009 & 3 * 43
2009 & 7 7 47
2010 # 3 * 54
2011 # 5 * 64
2011 & 77 72

B) oA D 2 f 72 veloh ife i § F 40T £ 407 o

#e 1 & [

69



R € 15 € 1

i L i 3 % ¥
LS E ] pE € 1 €l
24 /] FEE 5 €D € 5 € 95

6) p HEP 2 /*"igﬁq*ﬁﬁ?'zé SR P FAPER g d A A

2. 0 ﬂﬂf

1) v JIpE# & % f #3 Train ~ Streetcar ~ Metro fr Bus » & b 2 %
= W\k%} % ko

2) Streetcar #Lif "4 G U4 o egFrL bt s B gw (7% f Streetcar OfLE o
(7477 FARFUE

.'Z” ' v lg‘f

70



T HER p FE A KAREAY 2 0 A FEp AR L Foudy s R
RERE B RBANRGIZ p R R MRy 2L A
FELERE I N FoRE A 2020 FHR-p FE AL W B ikl
HLD 15% - T FRh 5090 0 pt ¢k o #-F ¥ 7 37 5 T Friday Bikeday |
BRAPEG OB - 2B S FRIFL R SHEBABARY AR
EESBFEEETE 30 BATH 7B B ER Y o

HFEREFELpFIH Villo 7 £RE > TANLE > IMEF A REFT
WRAMYFRN AR X RO RS E QR Jﬁg_%;:%g—;o




) F g axpmd Vilo#g*TFEApdit @i, L% 0%+ iid £
KT MRS NI RG EIRIE(EIS0) B F RRT ¥ T TV AR
Bp R gF 450M & G - 2 F koo

6) % & EfE ok p 78 Villode il § FheT £ Afow oo

BB 1 # 1% 1=

P €32 €7.5 €1.6

0-30 4 4 i b i ¥ i ¥
30 ~ 48-1 ) pF + €0.5 |+ €0.5 | + €0.5
1] p-1.5]p& + €1 + €1 + €1
1.5 ) -2 ] P + €2 + €2 + €2
A2 pEFEE 04| + €2 + €2 + €2

634 7517 gt R
1. 519 < 215 pdi Tram

72



#e: Trambaix {= Trambesos » + 7 6 i g4 (T1~T6)
R B 265 2% o Bog iV

<

1) %Fﬁ; }"mﬁ&mg Z':blﬁ;
56 & =k > L K 292 22 o B Rk 32 2

70 2 2 /pF o

R kB BB R R «u"w%"\’*ﬁﬁitiﬁé’ﬁ#?’ﬁ

B T3 E - F# K TS5 i€ > & Espronceda, Sant

Marti de Provengals {r Besos ZRBEACKRFHEMM LA TREFRE
LB P FAMEEAR - LARAIIALFF 5ok > AR 100??m~°

73



BHALT IO A 0 P R R T LHMIRAS BB T o kD sk S BREE
AURFAREMP RS REF T RE IR G RRRE Y
T4 - 3 TLE 4 Metros (R EHEE o

3) T5~ T6 dm i BesOs & =h3k 0T G T o U AT ORI S SN 0 60 G

74



4) T4~ T5~T6 i Glories & skt TG o & 0 4 P 5 s i R B2t i ?
i’ﬁ*”ﬁiW¥%im”*&“ﬁiﬁﬂ’ﬂ4ﬁﬂﬁﬂEfﬁg“ﬁi
E L SN I o R E AR A T R AR S

FEIA R o d RIS &ﬁlﬁ W ARt -

75



5) T4 # e #uenzh 2hxk Ciutadella/Vila Olimpica & =h4r % R8P £ > g R B >
Bt d o S@rE-RAF R RG A FESTEL  HRERMEF

FARD G o TSNS PLE R T B4 ERL o

V4 4

v

[ i
g
Ll

MEE A FARERRE D% 2 BIERERORE L RG 7T AR &
FAFARGE Y A b G B AR RALERERE TS RT R -

FIIRS

6) :

F_‘.

76



2. 8517 T B} oxp 78 ki Bicing p 2007 £ &3 4 0 PG 6,000 %
Bicing » 420 BAEF =k > FHIRIFE G 51T B AR * o @k mL Jf b iip > £
€47.16 > i * @ 30 4L T 0 2 1A L) Eﬁ€o74’44§x’f 2
P ] ERTAR€4.49 0 - AR F AL IR L R EIRIE 0 B o © 7%

AP A THEIRAERY 13 AB BT FEHE IR BT R
B piad g nviER B FRE -

77



RS RS 1R AL

_6;_{‘?‘4‘&,)3 ok

Hof 2 kv &%snagwﬁﬂ&&ﬁ%ﬂi‘ﬁi”ﬂ"“ﬁi;f
HEDE 5 S0P R fRisthn LR S R ARG T et £
ENEY i

78



79



Fak Rt R TS B A REAY o ED
Fafdgr? £ AT L REB AL ARBBEIREY FHp Ao

80



" R PT AP AR T A TS RS b K FiE
BB NNH 7R

6.35 ¥ w2 L AT RapL
1. 2> %:

1) # Av4 42 2‘#@@37}5%’%@ » B ) buses ~ trains f= Metro st R A = L 0 A
v % e i E@ﬁ%%@\%%\?ﬁﬁéi‘&;"?E@Ai‘ﬁliﬁ

http:/fwww.dsb.dk/g& A2 R3] & ek 438 » &7 R P15% Bix 5] E-mail &+ 4% -
HgRRE N kR RE B RERER L ERL P TR TR

l
=
COp #3c B i H71 81+ JRA P avif & Apsife s @ 7 2 BB Rl > 57
CO#%® » it STREE 5P d o
5

81



3)8 Arsfr il ;}»;;/»\ w3 P 0 X RfaApy 5~ 0 3 Discount cards ~ 24-hour ticket -

City Pass & % » v ik p ¢ chRAEF R EPVULEE > X AR AFT DFFIP -
g&%%A CEBA VD 2 REL R R R

4) B ARG REERE > FFEHERELEP Lo CPH Card > #7532+ > ¥ L 7 i&
» 60 @b ez FEE X RIS R ARG RT AT oD S
VB AR F et § o “CPHCard” i s B gk o

5) = % M4 DSB4t &-% 5 & > fL 5 Orange Tickets » # & digF o 2 1 7 B 4p37 R >

L pdF R TE R 5 F i 60%3Tde o

|

6) > % %3 bus train & Metro P& Rk % 30An g = £ > 3047 J?'?Vﬂ 5"
W&

BRI P ad RS S P BmA L B e =
RN & R
7)«nL % Odense & % @4 enasR > 3% % 7 A B % SRR Ao8-% g4 A 5T

PR AR R R Bk g2 r“rﬁ.-‘%f« AR L AR SR

) S e L TPV -2

-_—

Sl [ — -R"

". e

82



2. R

1) "= W4 NSB "4k =% 5 & > % Minipris Tickets » & @ fzenk & > & 4
NOK 249, NOK299, NOK 399,5] NOK499 7 % - 4% % ?;TF& o AR o

2) 2B ipf bR D PIEPER AR T  4p g A o

3)%&@]4)?{7\,"% rg};]-y\‘_]_, ‘/}‘""P/F]‘J'?L/%{E;L’/gﬁwr&;’-Eﬁ”ﬂ-—""?
ﬂré‘@_ Fﬁﬁ':& Ki’m' DL J—E_‘:i &E *’6%‘ ?ﬁ \LL’_’_i»ﬁ OSIO Myl’dal-

FIém-Gudvangen-Voss-Bergen Bf A2 - 42 5 TNorway in a nutshell ; -
TV AERE TR R EE A R AP B2 % - 2T £ TNorway in a nutshell |
oLk L]

P BLE 1R 22

Train from Oslo s 08:05

To Myrdal 12:44

Train from Myrdal 13:00

To Flam 13:50

Boat from Flam 15:10

To Gudvangen 17:20

Bus from Gudvangen 17:25

To Voss 18:20

Train from Voss 18:35

To Bergen 19:53

SHEE AR R 0 B D DIRT) 20 %% g sap o
PR P R B S I A B AR - BN DR

4) TNorway in a nutshell ;| # ¢ - g j&_Myrdal ] FIam = Flam Railway £ £ % } &
M2 — 0 1023 & B 4siEid o 21T 20 #2102 E 20.20 km 2 2 0 dRiT
80%:rEe S B & 55%0 > MEALAR 1:18> 3 77 A # Fldm Railway s %
A1 oo & 2L %M FlIam Railway e ¢ 2 2 sepes B > 7 1% A& Fldm &4
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4% 1: Land Use Variables at Different Geographic Scales

Influence on Travel Mode Choice Behaviour
AEFELFIXTFMANFZE RS

Introduction

This chapter addresses the third research question (RQ3) which aims to understand how land-
use factors, at different geographic scales influence travel mode choice behaviour after
accounting for socio-economic characteristics. If refers to the proposed model for travel mode
choice behaviour towards use public transport in Figure 2.10, this chapter is to examine the
relationships between Block C - land use factors, Block A — socio-demographic
characteristics, and travel mode choice behaviour (see Figure 2.10).

Multilevel MNL models are adopted in this chapter. In the analysis of the effects of land-use
on travel behaviour, individuals’ travel behaviour data and zonal area data, such as land-use,
always have the features of hierarchical clustering or cross-classified structures. For example,
in a travel mode choice context, individuals are clustered in households and households in
home zones. In addition, if consider the effects of spatial contexts at trip origins and
destinations, the clustered relationships become cross-classified, which means that individuals
are both clustered in districts of trip origins and in districts of trip destinations. Traditional
single level multinomial logit model neglects the within cluster variation and may lead to an
inferior data fit. Multilevel models can accommodate spatial autocorrelation, spatial
heterogeneity, higher-level context, and simultaneous handling of the micro-scale of
individuals and the macro-scale of places. Several studies have suggested that multilevel
modelling method satisfies the requirements of land-use and travel behaviour study, which
places difference and data at different geographic scales should be accounted for (Overmars
and Verburg, 2006, Jones and Duncan, 1996), while only few studies have adopted multilevel
modelling method (Antipova et al., 2011, Li et al., 2005, Schwanen et al., 2004, Snellen et al.,
2002, Bhat, 2000). Hence, this chapter used multilevel multinomial model and multilevel
cross-classified model to examine the impacts of land-use variables at district-level and
city/county level, and across trip origins and destinations on mode choice behaviour.

There are six sections in this chapter. The following section introduces the conceptual models
of multilevel multinomial (MNL) model and multilevel cross-classified multinomial (MNL)
model. The third section presents both of the model forms. This is followed by descriptive
statistics of the data used in this chapter. The fifth section delivers the models’ estimated
results. The final section discusses the results and draws conclusions of this chapter.

Multilevel conceptual model

This study estimates two multilevel multinomial logit (MNL) models, which are multilevel
MNL model and multilevel cross-classified MNL model to analyse the land-use variables’

influence on mode choice behaviour.
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The first model, which we expect there may be unobserved heterogeneity between individuals
I and between districts j of trip origins, which are purely clustered. Therefore, a three-level
multilevel multinomial logit model is adopted to capture the clustered variations, as shown in
Figure 0.1.

As can be seen in Figure 0.1, socio-demographic characteristics and travel-related variables
were included in the individual level. Socio-demographic characteristics included age, income,
car and motorbike driver license, household car and motorbike ownership. Travel-related
factors included travel cost and OD distance. At the second level, district-level, land use
variables: population density, job density, mix land use entropy, percentage of four-way
intersections and numbers of cul-de-sac were adopted. At the city/county-level, density and
land use mix entropy were adopted.

Land use variables City/county-level
Trip origin

o Density

e Land use mix

Land use variables .
District-level %\ /\ /\
Population density

Job density Trip origin
Land use mix

% of 4-way o - - _ ) _ _ ~
intersection /\
® Socio-demographic L.
factors Individual-level

® Travel-related factors  |ndividuals i) A B CDE F GH Il JKLMNO P QRS TUV

Figure 0.1 Three-level multilevel conceptual model
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e Socio-demographics
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— TV

6. Population density /Trip destination level 1 2

7. Job density

8. Land use mix Aintrinte £IA
9. 4-way intersections

0 Cul-de-car

Figure 0.2 shows the conceptual model for multilevel cross-classified MINLC model. The basic
unit of analysis is the trip, as made by individuals. In order to extract the true spatial effects
of land use on mode choice behaviour, this study includes trip purpose of work and school,
socio-demographic: personal monthly income, driver’s license for car and motorbike, and
travel-related level of service variables: OD distance and travel cost, at the individual level as
controlling factors.

This multilevel cross-classified MNL model is to examine the spatial heterogeneity across the
trip origins and destinations. Districts are used as the spatial unit to accommodate the spatial
heterogeneity across trip origins and destinations. Individual travellers are nested within
districts. Travellers are cross-classified by home location (trip origin) and the district within
which their trip ends (trip destination).

Household-level and neighbourhood-level are not included in this study because, for Taiwan’s
2011 Mode Choice Behaviour Survey data, there were only two samples for each household,
which were a vehicle-owner and a non-vehicle-owner. This sample size for each household is
not enough to estimate the household heterogeneity. In addition, analysing the spatial
heterogeneity at neighbourhood level and at district level (neighbourhoods clustered in
districts) would involve examining the spatial heterogeneity of different geographical scale.
This will add complexity to the model structure and will substantially increase the number of
variables incorporated in the model. This study concentrates on the cross-classified relation
across trip origins and destinations.

The model includes five variables - population density, job density, land use mix entropy,
percentage of four-way intersections and numbers of cul-de-sac- to represent land use effects.
These land use effects on mode choice behaviour were estimated at both trip origin level and
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trip destination level because these land use variables may play different roles for mode
choice at trip origins from trip destinations. For population density and job density, Pivo
(1994) found that population density at the trip origins and job density at the trip destinations
played a role on influencing mode choice. Zhang (2004) also found that population density at
the trip destinations had significant relationships with mode choice for both work and non-
work trips. In order to understand the impacts of population density and job density at both
trip origins and destinations on mode choice and to compare this study’s results to previous
results, the effects of population density and job density were estimated at both trip origins
and trip destinations. The multilevel cross-classified model structure is shown as

Land use variables

1. Population o
density \A Trip origin level

2. Job density
3. Land use mix
e Socio-demographics
e Travel related — . .
factors Individual ) A B CDEFG HIJ KLMNOP QRSTU V

— VIV

1. Population density /Trip destination level 1 2

2. Job density
3. Land use mix Aictrinte (10

4. 4-way intersections
5 Ciul-de-car

Figure 0.2 Multilevel cross-classified conceptual model

The discrete dependent variable of this study is mode choice (from car, motorbike and public
transport). Increasing public transport use is an important policy goal within Taiwan’s
National Road Public Transport Plan (Executive Yuan, 2012). Gaining a better understanding
of the extent to which land use characteristics influence mode choice between car and public
transport, and between motorbike and public transport can help decision-makers plan better
land use and transport integration strategies to fulfil this policy goal. Hence, bus, metro and
train were combined as public transport, and public transport was set as the of interest
(reference) category.

Descriptive statistics
Travel behaviour data

The travel behaviour data used in this study is drawn from Taiwan’s 2011 Mode Choice
Behaviour Survey (Institute of Transportation, 2011). Respondents were asked to report the
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features of their most frequent trip during a week. Trip features asked about included mode
choice (among bus, metro, train, car and motorbike), trip purpose, trip frequency, trip origin
and destination, travel cost, travel time, and service satisfaction. Travel cost refers to the out-
of-pocket monetary cost of the trip. For car and motorbike users, this includes parking costs
and fuel costs but nothing towards the cost of vehicle purchase, tax, insurance and
maintenance. For public transport users, this cost equals the fare paid if respondents hold
seasonal tickets such as monthly tickets, are asked to convert to single trip cost according to
their monthly trips.

A number of socio-demographic characteristics (gender, age, education, job and wage, and
whether they had a car and/or motorbike driver’s licence) were also collected for each
respondent. At the household level, data was collected on the number of cars, motorbikes and
bicycles within the household, household size, the total number of driver’s licences held, and
household income.

After removing incomplete responses, this gave a valid sample size of 5,356 individuals.
Among all the trips, the trip origins covered 289 districts of all 348 districts and covered all
19 cities/counties in Taiwan. Within the sample, 20.5% of trips were made by public transport,
47.0% by motorbike, and 32.5% were by car.

It should be noted that the trip data used in this study only covers frequent trips reported by
respondents and does not include all trips made by them. This means that commuting trips
and school trips are likely to be over represented in the data set, and social and leisure trips
are likely to be underrepresented. Some of the tour features, such as stops or transfers within
the trips are not reported in the survey.

Table 0.1 show the relationships between sociodemographic characteristics and mode choices.
In Taiwan, a greater proportion of males use the car, whilst a higher proportion of females use
public transport. Use of the motorbike is evenly split between males and females. The
samples’ gender ratio of female to male is 50.6% to 49.4%. The chi-square test shows that we
cannot reject the hypothesis that the samples’ gender ratio is the same as Taiwan’s population
gender ratio of 49.9% to 50.1% (Taiwan Ministry of the Interior, 2015). Table 0.1 also shows
that the groups of people aged under 14 and 15-24 have higher proportion to use public
transport over car and motorbike. This maybe because people cannot have a car and
motorbike driver’s license until the age of 18 in Taiwan due to the regulation. Car and
motorbike users under age 18 are passengers driving by their parents or someone else. Aged
15 - 34 have the highest percentage of motorbike use, and aged 35 - 54 have the highest
percentage of car use. This may reflect to people’s mode shift from motorbike to car along
with their age increase and social status changes. In addition, for occupancy, students have the
highest percentage of choosing public transport compared to other occupancy.
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The driver’s license ownership and children in household associate with mode choice, as
shown in Table 0.1. The percentage of respondents who own car driver’s license and use car
is more than twice as the percentage of respondents who do not own car driver’s license and
use car as passengers. Likewise, the percentage of respondents who own motorbike driver’s
license and use motorbike is about twice as the percentage of respondents who do not own
motorbike driver’s license and use motorbike as passengers. Respondents with children
(under 18) in households have much higher percentage of using car than respondents without
children in household because the responsibility of transport their children.

Table 0.1 socio-demographics and mode choice

Gender Mode choice Frequency Percent
Female Car 841 30.7
Motorbike 1294 47.2
Public transport 606 221
Total 2741 100.0
Male Car 901 345
Motorbike 1220 46.7
Public transport 493 18.9
Total 2614 100.0
Aged
Under 14 Car 33 27.0
Motorbike 49 40.2
Public transport 40 32.8
Total 122 100.0
15-24 Car 90 13.8
Motorbike 329 50.4
Public transport 234 35.8
Total 653 100.0
25-34 Car 341 26.3
Motorbike 712 54.9
Public transport 244 18.8
Total 1297 100.0
35-44 Car 520 40.8
Motorbike 554 43.4
Public transport 202 15.8
Total 1276 100.0
45-54 Car 445 39.0
Motorbike 493 43.2
Public transport 203 17.8
Total 1141 100.0
55-64 Car 245 38.4
Motorbike 268 42.0
Public transport 125 19.6
Total 638 100.0
65 and over Car 68 29.8
Motorbike 109 47.8
Public transport 51 224
Total 228 100.0
Occupancy
Student Car 121 16.8
Motorbike 327 45.3
Public transport 274 38.0
Total 722 100.0
Public servant Car 281 43.8
Motorbike 254 39.6
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Public transport 107 16.7

Total 642 100.0

Technology industry Car 199 375
Motorbike 251 474

Public transport 80 15.1

Total 530 100.0

Financial industry Car 68 345
Motorbike 74 37.6

Public transport 55 27.9

Total 197 100.0

Business and service industry Car 346 35.6
Motorbike 463 47.6

Public transport 163 16.8

Total 972 100.0

Other service industry Car 365 329
Motorbike 564 50.8

Public transport 181 16.3

Total 1110 100.0

Housekeeper Car 181 285
Motorbike 325 51.3

Public transport 128 20.2

Total 634 100.0

Others Car 181 33.0
Motorbike 256 46.7

Public transport 111 20.3

Total 548 100.0

Yes=1 Car 1563 37.1%

Car driver's Motorbike 1971 46.8%
license owned or Public transport 678 16.1%
not Total 4212 100.0%
No=0 Car 179 15.6%

Motorbike 544 47.6%

Public transport 421 36.8%

Total 1144 100.0%

Yes=1 Car 1502 32.5%

Motorbike 2333 50.4%

Motorbike Public transport 790 17.1%
driver's license Total 4625 100.0%
owned or not No=0 Car 240 32.8%
Motorbike 182 24.9%

Public transport 309 42.3%

Total 731 100.0%

Yes=1 Car 915 36.0%

Motorbike 1130 44.4%

Children (age Public transport 499 19.6%
under 18) in Total 2544 100.0%
household ornot  No=0 Car 827 29.4%
Motorbike 1385 49.3%

Public transport 600 21.3%

Total 2812 100.0%

Table 0.2 shows the descriptive of income, household car ownership, household motorbike
ownership, travel cost and OD distance compared with different mode choice groups. For
personal income and household income per month, car users have the highest average income
level (US$1,400 and US$2,900 for personal income and household income respectively) than
motorbike (US$1,000 and US$2,400 for personal income and household income respectively)
and public transport users (US$1,000 and US$2,700 for personal and household income
respectively). For household car ownership and household motorbike ownership, car users
have the highest average household car ownership (average 1.6 cars per household) than
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motorbike and public transport users. Also, motorbike users have the highest average
household motorbike ownership (average 2.4 motorbikes per household) than other mode
groups.

In terms of travel cost, car users have the highest average travel cost, US$2.3 compared with
motorbike and public transport users. Travel cost refers to out of pocket cost, which includes
fuel cost and parking cost for car and motorbike, and fare cost for public transport. The
respondents who hold season tickets such as monthly tickets were asked to convert to single
trip costs according to their monthly trips.

OD distance is included in this study is to examine the impacts of spatial distance between
trip origins and destinations on mode choice behaviour. As precise origins and destinations
were not known, it was calculated using the Euclidean distance between the trip origin district
and trip destination district centroids. The district centroids were found by calculating the
median centres, which minimize the overall Euclidean distance to the points of interests (POI)
in each district. The POI data was supplied by Taiwanese Institute of Transportation, and
included government offices, education facilities and public services. Trips that originated
and ended within the same district were assigned an OD distance of 3 km. This distance (3km)
is approximately half the average radius of the districts. Table 0.2 shows that car users have
the longest average OD distance (8.8 km) ranging from about 1.2km to 166.8km and
motorbike users have the shortest OD distance (6.3km) ranging from about 1.2km to 53.9km.

The distribution of OD distance for each mode reflects the service ranges for those modes.
Table 0.2 shows that car enjoys the widest service range between the minimum of 1.2 km and
maximum of 166.8 km than motorbike and public transport. Although there is some short trip
use for cars, the average OD distance for car is the longest compared to motorbike and public
transport. It seems that the car serves mainly for middle to long range trips. On the other hand,
motorbike has the shortest average OD distance and smallest OD distance standard deviation,
which means that motorbike may mainly serve for the shortest range trips due to the features
of easy to use and free charging of parking in most cities in Taiwan. With trip distance
increasing, travellers tend to use public transport and car instead of motorbike, possibly due to
the increasing risks and discomfort for motorbike. In terms of public transport, the minimum
OD distance is longer than that for motorbike and car, which may mean that for some short
distance trips public transport users tend to walk or cycle rather than use public transport. The
average OD distance for public transport is in between car and motorbike, which means that
public transport may mainly cover the middle range trips in Taiwan. As trip distance increases,
travellers would tend to use the car rather than public transport, possibly due the increasing
in-vehicle time, transfers and waiting time. Although travel time was not included in this
study, the OD distance this study adopted can reflect the some of the features of car,
motorbike and public transport.
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Table 0.2 Income, motorised vehicle ownership and mode choice

Items Min. Max. Mean Std. Deviation

Car Personal income per month (US$ 1,000%) 3 3.3 14 .85
Household income per month(US$ 1,000%) 1 7.50 2.9 1.79

Household car ownership 0.0 6.0 1.6 .82

Household motorbike ownership 0.0 8.0 1.7 1.19

Travel cost (US$Y) 0 14 2.3 2.05

OD distance 1.2 166.8 8.8 8.81

Motorbike Personal income per month (US$ 1,000%) 3 3.3 1.0 .67
Household income per month(US$ 1,000%) 7 7.5 24 1.58

Household car ownership 0.0 6.0 1.2 .79

Household motorbike ownership 0.0 8.0 24 1.20

Travel cost (US$Y) 0 12.7 1.0 1.20

OD distance 1.2 53.9 6.3 5.59

Public Personal income per month (US$ 1,000%) 3 33 1.0 .76
transport Household income per month(US$ 1,000%) 7 7.5 2.7 1.71
Household car ownership 0.0 5.0 1.2 75

Household motorbike ownership 0.0 6.0 1.9 1.18

Travel cost (US$Y) 0 6.7 1.0 0.98

OD distance 1.7 50.9 7.7 6.77

Land use data

In this chapter, the impacts of land use factors on individuals’ mode choice behaviour are
examined at the district and city/county scale. There are 348 districts clustered in 19
cities/counties in Taiwan. The average area and population of the districts and cities/counties
are 102 km2 and 66,000 residents for each district and about 1,800 km2 and 1,210,000
residents for each city/county respectively.

The trip origins of 5,356 samples used in this analysis were clustered in 285 districts of 348
districts and in all 19 cities/counties, and the trip destinations covered 293 districts in Taiwan.
About 65% of all the trips had their origin and destination located in different districts.

The data from the Mode Choice Behaviour Survey is supplemented with land use data. The
land use data is drawn from the Taiwanese National Land Surveying and Mapping Centre and
the Traffic Network Digital Map database under Taiwanese National Geographic Information
System (TNGIS), at a resolution of 1/25,000. A number of land use variables are estimated at
the district level: population density, job density, land use mix entropy, and the percentage of
4-way intersections and the numbers of cul-de-sac. Figure 0.3 shows the land use
measurements at district-level and city/county-level in Taiwan.

Table 0.3 gives the mean, standard deviation for the land use variables across the respondents’
trip origin and destination districts, and cities/counties included in the model. For land use
mix entropy, which indicates the extent of land use diversity, was calculated as Eq. (1) based
on six land use categories: residential, commercial, industrial, government offices, educations,

! Exchange rate: US$:NT$(New Taiwan Dollar)=1:30
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and hospital and social care buildings. Land use entropy ranges from 0 to 1 in which higher
entropy value indicates that a more evenly distributed mix of land uses.

In(P;) .
ng) (Equation 0.1)

Where P; is the proportion of land use type j in the area, and J is the total number of land use
types, which equals to 6.

Land use mix entropy = — },; P; X

The percentage of four-way intersections indicates the extent of grid-like street pattern
(Cervero and Kockelman, 1997). The numbers of cul-de-sac in the district represents the
street connectivity. These were extracted from the mapping data of Taiwanese Traffic
Network Digital Map using ArcGIS 10.2 package. The road network included all the road
types, such as provincial road, city/county road, and load road, except highways.

Population density and job density are adopted as explanatory variable at district-level either
at trip origin or trip destination. At the city/county-level factor analysis was adopted to
combine city/county’s population density and job density into density variable. Most trips
(81%) have their trip origins and destinations within the same city or county, and there is a
high correlation between population density and job density (0.99) at this level. Thus it made
sense to have a combined density measure at the city/county level.

The trip-related and socio-demographic variables adopted in this study were determined using
a stepwise test to check if there were significant relations between the chosen variables and
mode choice behaviour. The resulting variables selected to be included in the models were:
trip purpose of work and school, and individual socio-demographic characteristics — age,
gender, personal income, car driver’s license and motorbike driver’s license, children in
household, and household car and motorbike ownerships as controlling factors. From the
literature, these have been shown to be important determinants of mode choice.

Table 0.3 Land use statistics for Taiwanese districts and city/county

Trip origin districts Trip qlest_ination Cities/counties
Variables Definition at district level districts
Mean SD Mean SD Mean SD

Population density Population/area size(persons/ha) 83.77 96.62 86.64 97.07 2259 28.39
Job density Employment/area size(jobs /ha) 3412 5023 4491 6537 11.10 19.14
Land use mix entropy Mixture of residential, commercial,

cications, and howpta socal cwe 065 011 065 011 086 004

buildings
(i){:)tersectic())fns ey mﬁgg?:ngf four-vay 0.22 0.07 0.23 0.09
Cul-de-sac Numbers of cul-de-sacs 54259  536.74 531.58 555.04

Density  (city/county-  Factor analysis combines population
level) density and job density at -- - 0.00 1.00
city/county level
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It should be noted that the population density, job density and numbers of cul-de-sac were
standardised into z-scores for the purposes of the model estimation in order to obtain
consistent results with other variables.
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Figure 0.3 District and city/county land use features in Taiwan

Model form
Multilevel MNL model and multilevel cross-classified MNL model

Multilevel multinomial model and multilevel cross-classified MNL model is to capture the
spatial heterogeneity at different geographical scales of district and city/county, and examine
the impacts of land use variables at these geographical scales on travel mode choice behaviour.
The multilevel MNL model allows the intercept of the utility functions to vary randomly over
clusters. The utility function of the multilevel MNL model includes two parts, a fixed part and
a random part. In order to capture the spatial heterogeneity, two random terms (combined as
the random part) are included in the utility functions. The fixed part of the model includes
individual level variables (trip-related, socio-demographic, and travel-related level of service
variables), and land use variables at district-level and city/county-level.

Assuming a three-level multilevel MNL model (individual-level denotes i, district-level
denotes j, and city/county-level denotes k), the utility function can be expressed as

Uijk = Tooo + B Xijk + Yo1k®jk + o010k + $oj + Yi + € (Equation 0.2)

Where, myq0is constant of the function, B x;jx + Vo1xjk + o016k is fixed part of the
function. And {; + ¥y + € is random part of the function. wj, is district-level
explanatory variables, and y,q is coefficients for the district-level explanatory variables. {o;
is the district-level random terms representing spatial heterogeneity between districts. 8, is
city/county-level explanatory variables, and m,y, is coefficients for the city/county-level
explanatory variables. i, is the city/county-level random terms representing spatial
heterogeneity between city/county. Random terms at different levels are independent.
Random terms at district-level and city/county-level are assumed to be normally and
identically distributed, and random terms at different levels are independent.

$oj ~N (0' 0?3;),1/’%1(“'1\’ (0, 0,2,,%,() (Equation 0.3)

The random terms at individual-level, €;,, are independent and identically distributed with
Gumbel (type 1 extreme value) distribution with a variance (062 ) of w2 /6 (Train, 2009).

Then a multinomial logit model form can be denoted as
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exp (Ugjy)
Pr(Y:;, = =Y
I‘( ijk m) Zi_‘f:l eXp(uf]-k)

(Equation 0.4)

The multilevel cross-classified MNL model allows the intercept of the utility functions to
vary randomly across trip origins and trip destinations. The utility function of the multilevel
cross-classified MNL model includes two parts, a fixed part and a random part. In order to
capture the spatial heterogeneity across trip origins and trip destinations, three random terms —
individual residuals, trip origin residuals and trip destination residuals - (combined as the
random part) are included in the utility functions. The fixed part of the model includes
individual level variables (trip-related, socio-demographic, and travel-related level of service
variables), and land use variables at trip origin level and at trip destination level.

Assuming a three-level multilevel MNL model (individual level, trip origin level and trip
destination level), the utility function can be expressed as

Wijk = Tooo T B1jiXijr T Y01k@jk + 0010k + Koji + Took + €5 (EQuation 0.5)

Where, m is the set of alternatives (car, motorbike, public transport), and i (i=1, 2, ...,])
denotes individuals, which is nested in trip origin districts ; (=1, 2, ....J) and in trip

destination districts k (k=1, 2, ..., K). mgoois constant of the function. By jxx[7 + Yo1xwjx +
0010y is fixed part of the function. And ugly, + roo + €j is random part of the function.
x{7 denotes the individual-level explanatory variables, w;, denotes level-2 (trip origin
districts) explanatory variables, and 6, denotes level-3 (trip destinations districts)
explanatory variables. ug; and rg, are random terms representing spatial heterogeneity

parameters, which capture unobserved variations at trip origins and trip destinations,
respectively. €7 is a random term for the individual-level. Then a multinomial logit model
form can be denoted as Equation 6.7.

However, the three-level multilevel multinomial model is not completely fit for this study in
which data are impurely clustered between individuals and trip origin districts, and
individuals and trip destination districts. Thus, a multilevel cross-classified multinomial
model, which is a modified three-level multilevel multinomial model, is used.

The classification notation recognizes that cross-classified factors appear at the same level
and thus has the same letter for the subscript representing them but is distinguished by
numerical sub-subscripts () as (j1) refers to the level of trip origin districts and (j2) refers to
the level of trip destination districts (Browne et al., 2001). Therefore, the reduced form of the
utility function for multilevel cross-classified multinomial models can be expressed as
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3) m(2) m(3)
Wijk = Yooo T B1gjz)Xi(1z) T Yom)“’om) + 10(2)00(j2) T Hoo(j1) + Hoogz) T €ili2)

(Equation 0.6)

Where, ygo0 + B1(is,j2)Xi(1,2) T Yo(in@ogin) T To(jz)fogjz) 1S termed the fixed part of the

m(3) m(2)

model and 4012y + Hoo(j1) T Ei(j1,j2) 1S termed the random part of the model.

In the fixed part of the model, x;f}; j»y is an individual variable with slope coefficient By ;1 j2),

( ) 3
wo(j1y 1S @ classification 2 variable with slope coefficient yg(;1), and 6/,
variable with slope coefficient g(;,y. For random part of the model, ugg;,) and pgojqy are
random terms that capture unobserved variations at trip origins and trip destinations,

respectively, —and  €;j;,) is random term  for individual-level,  where

Mgfl’(fl) (O 0#00(11)) MOOUZ) N(O' /‘00(12))

is a classification 3

The random terms at individual-level, €;, are independent and identically distributed with
Gumbel (type 1 extreme value) distribution with a variance (062 ) of m2/6 (Train, 2009).

ICC (Intra-class correlation)

The intra-class correlation coefficient (ICC) refers to the proportion of between group
variance to total variance (Snijders, 2012). The index can represent the spatial heterogeneity
of mode choice behaviour across districts (either trip origin district or trip destination district)
and cities/counties, and can capture spatial autocorrelations among individuals within the
same districts and cities/counties and recognise spatial heteroscedasticity (Ding et al., 2014).
The ICC values for empty models (a model only adopts random effects without any
explanatory variable) of linear regression models often range between 0.10 and 0.25 (Snijders,
2012). A greater ICC value for empty model indicates that adoption of the multilevel model is
meaningful. Using the notation of this study, the ICC for mode choice of car for multilevel
MNL model can be expressed as

car car

% ll’ i
ICCCllT = dlstrlct ctty/county2 (Equatlon 07)

6%car  +0%ca “car
district city/county €

Estimation software

MLwiN (version 2.30), which was created by the Centre for Multilevel Modelling based in
Bristol University, was used to estimate the results of all the models in this chapter. Only
multinomial logit model can be estimated by MLwiN so far, which means that alternative
specific variable is not allowed to be included in the model. Hence, travel time was not
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included in the models and travel cost was treated as individual-specific variable, which value
did not vary across alternatives.

Results

This section presents the results of the model estimation. Six models were estimated. Model A
and C are multilevel MNL models; Model D and F are multilevel cross-classified MNL
models. Model B and Model E are single-level MNL models, which include district and
city/county land use variables. The purposes of estimating the empty models — Model A and
Model D — are to understand the ICC (Intra-class correlation) values for multilevel MNL
model and multilevel cross-classified MNL model. Estimating single-level MNL models -
Model B and Model E - are to compare the results with multilevel MNL model and multilevel
cross-classified MNL model. The models’ estimation was conducted using MCMC (Markov
Chain Monte Carlo) procedures within the MLwiN package. These models were first run
using restricted iterative generalized least square (RIGLS) to establish a prior distribution,
follow by MCMC estimation using Gibbs sampling, with 2,000 burn in iterations and 300,000
iterations to get the posterior distribution.

Multilevel multinomial model results

As can be seen in Table 0.4, Model A is null-models for multilevel MNL model with only
intercept in the model. The purpose of Model A is to test the ICC values to see whether there
is significant spatial heterogeneity or not. Model B is a single-level MNL model, which
includes district-level and city/county-level explanatory variables within the same level.
Model C is a 3-level multilevel MNL model which allowed intercepts to be varied randomly
across district-level and city/county-level. This model includes travel-related attributes at the
individual level, land use and public transport provision variables at district-level and
city/county-level, and accounted for socio-demographic characteristics.

The reason for estimating Model A (null model) is to determine whether the adoption of a
multilevel MNL model was justified. It depends on the significance of the spatial
heterogeneity parameters representing the unobserved variations in utility functions and the
level of ICC (intra-class correlation coefficients) values. Table 0.4 shows that all the spatial
heterogeneity parameters for car and motorbike at district-level and city/county-level in
Model A are significant. In addition, the ICC®* and ICCM™*® (intra-class correlation
coefficient) across district-level and city/county-level, are 0.103 and 0.134, respectively,
indicating that correlations for individuals at the same district and city/county are 10.3% and
13.4%, respectively. The high level of spatial heterogeneity at district-level and city/county-
level implies that the spatial heterogeneity cannot be ignored and there is a need to adopt
multilevel modelling technique to accommodate spatial issues of this study.
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With respect to the models’ complexity and fit, the DIC (Deviance Information Criterion) (see
Table 0.4) values suggest that Model C (Multilevel MNL model) is the best model among the
three models. The DIC, which is the sum of the number of effective parameters (pD) and the
deviance of MCMC, represents the model’s complexity and fit, and may be used for
comparing models(Spiegelhalter et al., 2002). The number of effective parameters refers to
the complexity of a model and the deviance statistic refers to a model’s fit. Since increasing
complexity is trade-off by a better model’s fit. Spiegelhalter et al. (2002) suggested that adds
the model’s fit (deviance of MCMC) and complexity (the number of effective parameters) to
form the DIC (Deviance Information Criterion) for comparing models with the same structure
or different structure. After adding spatial heterogeneity into the model, the DIC for model C
reduced by around 43 compared with Model B. Although the number of effective parameters
for Model C is 60 points higher than Model B, the deviance of MCMC for Model C, 9110.18,
is about 102 points lower than Model B (Table 0.4).

The last column in Table 0.4 refers to the subtraction the absolute t-value for district-level and
city/county-level variables in Model C from the absolute t-value for district-level and
city/county-level in Model B. Most of the absolute t-values’ difference between Model B and
Model C are positive, except land use entropy at district-level for car and motorbike, and
city/county-level for motorbike. In addition, comparing the coefficients’ significant-level for
density and % of 4-way intersection at district-level, these coefficients are significant at the
95% level in Model B but insignificant in Model C. This comparison provides evidence that,
under the circumstances of high spatial autocorrelation, ignoring the spatial between-group
difference by using a single-level discrete choice model (Model B) may exaggerate the
coefficients’ significance and lead to spurious results (Snijders, 2012, Snellen et al., 2002).

With respect to controlling factors of individual’s socio-demographic factors and trip purpose
in Model C, as shown in Table 0.4, Males tend to use motorbike more than public transport
compared with females. Students are more likely to use public transport rather than car and
motorbike compared to other occupation groups. Personal income shows opposite results
between the mode choice of car and public transport, and motorbike and public transport.
With increasing personal income, people are more likely to choose car over the public
transport but would choose public transport over the motorbike. As for trip purpose, work and
school trips are more likely to be made by public transport than by car while work trips are
more likely to be made by motorbike than by public transport. Car and motorbike driver’s
licenses also have significantly positive effects on car and motorbike use respectively.

With respect to household socio-demographic factors, households with children aged under
18 in the household tend to have a higher probability of car use than public transport use.
Likewise, households with higher car or motorbike ownership are more likely to use the car or
motorbike respectively Table 0.4.
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As for travel related attributes in Model C, as shown in Table 0.4, OD distance and travel cost
have the opposite signs for people choosing between car and motorbike over public transport.
With increasing OD distance, people tend to choose public transport rather than motorbike.
On the other hand, higher travel costs intend to encourage car and motorbike use rather than
public transport use.

After accounting for the controlling factors, the Model C results, as shown in Table 0.4,
indicate that land use variables exert significant influence on mode choice behaviour. At the
district-level, increasing population density and job density is significantly associated with a
greater probability of choosing public transport over the car and the motorbike. On the other
hand, the percentage of 4-way intersections — representing grid-like street pattern — shows
strong association with motorbike and car use, which means that people in the districts with
more gird-like street pattern tend to choose motorbike rather than public transport. Districts
with more evenly distributed land uses — higher land use entropy values — tend to have more
car use than public transport but tend to have more car and motorbike use than public
transport (though not significant at the 95% level). In terms of the city/county-level,
increasing density is associated with a higher probability of choosing public transport over the
car and the motorbike, although the significant level for car is only at 90%.

The covariance of the random part refers to the correlation between car and motorbike use at
district-level and city/county-level (Table 0.4). The positive covariance at district-level and
city/county-level means that districts and city/ county in Taiwan have higher proportion of car
use also have high proportion of motorbike use.

With respect to spatial heterogeneity (random terms), Model A, as shown in Table 0.4, shows
that spatial heterogeneity parameters at district-level and city/county-level are at the level of
significance of 90% and 95% respectively. It means that there is significant spatial
heterogeneity (unobserved factors) influence mode choice behaviour between districts and
cities/counties.
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Table 0.4 Multilevel MNL model results

Model A Absolute t-
Null Multilevel MNL Model B Model C value in model
model Single-level MNL model Multilevel MNL model B minus
absolute t-value
Fixed Part B S.E. t-value B S.E. t-value B S.E. t-value | in Model C
Individual-level
Intercept 0.63 0.10 -2.06 0.97 -2.12 | -2.20 1.47 -1.50
Gender (Male=1) 0.14 0.09 1.54 0.15 0.09 1.69
Age under 14 0.58 033 1.78 | 059 033 1.75
Age between 15-24 -0.55  0.23 -243 | -0.57  0.23 -2.50
Occupancy (Student=1) -0.57 0.22 -2.59 | -0.60 0.23 -2.58
Monthly personal income
USS$1,000) 0.30 0.06 4.70 | 030 0.06 4.81
Car driver’s license 0.82 0.11 7.33 0.82 0.12 717
¢hildien - {under18) - in 036  0.09 407 | 036  0.09 4.01
Household
Car Household car ownership 0.54 0.05 12.09 0.54 0.05 11.89
Trip purpose (work=1) -0.14 0.10 -1.35 | -0.15 0.10 -1.46
Travel cost 0.59 0.04 15.03 0.60  0.04 14.90
OD distance -0.01 0.01 -0.83 | -0.01 0.01 -0.83
District-level
Population Density -0.14 0.05 -2.80 | -0.08 0.06 -1.33 1.47
Job density -0.04 0.06 -0.67 | -0.03 0.07 0.42 0.25
Land use mix entropy -0.06 0.39 0.50 | -0.06 0.47 -0.13 0.37
% of four-way intersection 3.85 0.83 4.64 2.01 1.03 1.95 2.69
No. of cul-de-sac 0.05 0.05 1.00 | 0.05 0.09 0.05 0.95
City/county-level
Density -0.21 0.05 -4.20 | -0.22 0.13 -1.69 2.51
Land use mix entropy -1.03 1.41 -0.73 | -0.24 2.47 -0.01 0.72
Individual-level
Intercept 092 0.11 -2.72 0.82 -3.28 | -2.88 1.54 -1.87
Gender (Male=1) 0.17 0.08 2.13 0.18  0.08 2.23
Age under 14 0.13 0.28 046 | 0.13 0.28 0.46
Age between 15-24 0.06 0.18 0.33 0.03 0.18 0.15
Occupancy (Student=1 -0.52 0.18 -2.89 | -0.54  0.18 -3.00
Monthly personal income
(US$1.000) -0.19 0.06 -3.11 | -0.18  0.06 -2.97
Motorbike driver’s license 1.32 0.11 12.03 1.32 0.11 11.93
Children ~ (under 18) in 0.15  0.08 185 | 0.14 008 1.75
Household
Motor-  Dousehold  motorbike 035 003 1293 | 035 003 1232
bike ownershlp
Trip purpose (work=1) 0.13 0.09 1.44 0.13 0.09 1.44
Travel cost 0.05 0.04 1.33 0.05 0.04 1.29
OD distance -0.04 0.01 -6.67 | -0.04  0.01 -6.67
District-level
Population density -0.11 0.04 -2.75 | -0.08 0.05 -1.60 1.15
Job density -0.04 0.05 0.80 | -0.02 0.06 0.36 0.44
Land use mix entropy 0.56 0.35 1.60 0.68 0.41 1.65 -0.05
% of four-way intersection 4.18 0.75 5.57 2.58 0.93 2.77 2.80
No. of cul-de-sac 0.05 0.05 1.00 | 0.06 0.08 0.75 0.25
City/county-level
Density -0.21 0.05 -4.33 | -0.24 0.11 -2.18 2.15
Land use mix entropy 1.38 1.22 1.13 1.92 2.04 0.94 0.19
City/county-level
O'égtolz 0.15 0.07 2.25 0.12 0.07 1.77
Cov(year, Oymororsize) 015 0.08 2,10 007 0.5 145
02 motorbike 0.21 0.09 2.33 0.10  0.05 1.80
Random PP o
District-level
part 2
Ogcar 0.04  0.02 1.64 0.07 0.04 1.92
Cov(aggar, Opmororsive) 000 002 013 003 0.03 130
Uén}mrmke 0.04  0.02 1.91 0.03 0.02 1.53
DIC (Deviance Information Criterion) 10988.85 9250.35 9207.75
MCMC deviance 10903.69 9212.22 9110.18
pD (the effective number of parameters) 83.69 38.13 97.58
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Multilevel cross-classified model results

The estimated results of multilevel cross-classified MNL models are shown in Table 0.5.
Model D is an empty multilevel cross-classified MNL model to test the ICC values.
Model E is a single-level MNL model, which includes district-level variables for both
trip origins and destinations within the same level. Model F is a multilevel cross-
classified MNL model which allowed intercepts to be varied randomly across trip
origins and trip destinations. This model includes land use variables at both trip origin
level and trip destination level and accounted for socio-demographic characteristics.

The reason for estimating Model D was to determine whether the adoption of a
multilevel cross-classified modelling technique was justified (Table 0.5). Of all the
spatial heterogeneity parameters representing the unobserved variations in utility
functions for car and motorbike are statistically significant across trip origins and
destinations. The ICCg, and ICChotomike aCross trip origins and destinations are 0.170,
and 0.145, respectively, indicating that the correlations for individuals at the same trip
origins and destinations for car users and motorbike users are 17.0% and 14.5%,
respectively. In addition, the ICCo.car and ICCp.car, the correlations for car users at the
same origins and destinations, are 0.055 and 0.114, respectively. The 1CCo.motorbike and
ICCp-motorbike, the correlations for motorbike users at the same origins and destinations,
are 0.055 and 0.090, respectively. The high proportion of spatial dependencies indicates
that there is a need to adopt a multilevel modelling technique to accommodate the
spatial issues of this study.

The last column in Table 0.5 refers to the subtraction between the absolute t-values in
Model E and the absolute t-values in Model F. Most of the absolute t-values’ difference
for the land use variables across trip origins and destinations between Model B and
Model C are positive. Also, comparing the coefficient’s significant-level for population
density at trip origin for car and at trip destination for motorbike in Model B and Model
C, the coefficient is significant at the 95% level in Model B but insignificant in Model
C. This comparison provides evidence that, under the circumstances of high spatial
autocorrelations, ignoring the spatial between-group difference by only using a single-
level discrete choice model may exaggerate the coefficients’ significance and lead to
spurious results (Snijders, 2012; Snellen et al., 2002).

With respect to the models’ complexity and fit, the DIC (Deviance Information
Criterion) (see Table 0.5) values suggest that Model F (multilevel cross-classified MNL
model) is the best model among the three models. After adding spatial heterogeneity
into the model, the DIC for model F reduced by around 31 compared with Model E.
Although the number of effective parameters for Model F is about 113 points higher
than Model B, the deviance of MCMC for Model F, 9026.4, is about 144 points lower
than Model B (Table 0.5).
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With respect to the controlling factors of socio-demographic characteristics and trip
purpose in Model C, as shown in Table 0.5, personal income shows opposite results
between the mode choice of car and public transport, compared with between motorbike
and public transport. With increasing personal income, people are more likely to choose
the car over public transport but would choose public transport over the motorbike. As
for trip purpose, school trips are more likely to be made by public transport than by car,
while work trips are more likely to be made by motorbike than by public transport.

With respect to the controlling factors of level-of-service in Model C, as shown Table
0.5

, travel cost and OD distance have opposite signs for people choosing between car and
motorbike over public transport. With increasing OD distance, people intend to choose
public transport rather than the motorbike. Likewise, higher travel costs intend to
encourage car and motorbike use rather than public transport use.

After accounting for socio-demographic and level-of-service factors, the Model C
results (Table 0.5) indicate that land use variables exert significant influence on mode
choice behaviour either on trip origins or on destinations. Increasing population density
at trip origins is associated with a greater probability of choosing public transport over
the car. The districts at trip origins with more grid-like street patterns, i.e. a higher
percentage of 4-way intersections, significantly increase the probability of car and
motorbike use compared with public transport use in Taiwan. At trip destinations, the
results suggest that higher job density and mix land use increase the probability that
people will take public transport rather than the car or motorbike. Job density shows
significant and negative relationships for mode choice behaviour between car and public
transport, and motorbike and public transport. Land use mix only shows significance
significant (negative) relationship between car and public transport. The proportion of
percentage of 4-way intersections shows significance significant (positive) relation
between motorbike and public transport while shows insignificant between car and
public transport.
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Table 0.5 Multilevel cross-classified MNL model results

Dependent variable: mode choice of car, | Model D - Null model of | Model E - MNL model Model F - multilevel | Subtract
motorbike, and public transport (reference | multilevel cross-classified cross-classified MNL | absolute t-
category) MNL model model value in
Explanatory variables B S.E. t B S.E. B S.E. t Model B
Fixed Part from
Individual level absolute t-
value in
Model C
Intercept 0.651 0.065  10.010 | -2.210 0.388  -5.696 | -1.896 0.499  -3.800
Gender (male=1) 0.117 0.090 1.300 0.122 0.092 1.326
Aged under 14 0.542 0.331 1.637 0.528 0.338 1.562
Aged 15-24 -0.561 0.224 -2.504 -0.626 0.231 -2.710
Occupancy (student=1) -0.560 0226  -2.478 | -0.558 0230  -2.426
Car Personal income 0.311 0.063 4.937 0.319 0.066 4.833
Car driver’s license 0.809 0.114 7.096 0.799 0.116 6.888
Children in household 0.362 0.088 4.114 0.352 0.090 3.911
Household car ownership 0.543 0.044 12341 0.539 0.046  11.717
Trip purpose (work=1) -0.105 0.098  -1.071 | -0.126 0.101  -1.248
OD distance -0.006 0.006 -1.000 -0.006 0.006 -1.000
Travel cost 0.598 0.039 15.333 0.621 0.040 15.525
Trip origin level
Population density -0.061 0.050  -1.220 | -0.045 0.062  -0.726 0.494
Job density -0.058 0.053 -1.094 -0.049 0.065 -0.754 0.340
Land use mix entropy 0.331 0.437 0.757 0.329 0.527 0.624 0.133
% of 4-way intersections 3.138 0.963 3.259 2518 1.124 2.240 1.019
No. of cul-de-sac -0.020 0.078 -0.256 -0.038 0.091 -0.418 -0.162
Trip destination level
Population density 0.012 0.052 0.231 0.019 0.072 0.264 -0.033
Job density -0.193 0.044 -4.386 -0.192 0.067 -2.866 1.520
Land use mix entropy -1.034 0.445  -2.324 | -1.285 0.608  -2.113 0.211
% of 4-way intersections 0.601 0.894 0.672 0.553 1.081 0.512 0.160
No. of cul-de-sac 0.099 0.079 1.253 0.146 0.096 1.521 -0.268
Individual level
Intercept 0.979 0.063 15.540 -2.003 0.365 -5.488 -1.902 0.412 -4.617
Gender (male=1) 0.167 0.080 2.088 0.164 0.081 2.025
Aged under 14 0.092 0.287 0.321 0.097 0.290 0.334
Aged 15-24 0.050 0.176 0.227 0.023 0.178 0.129
Occupancy (student=1) -0.499 0.182  -2.742 | -0.504 0.183  -2.754
Personal income -0.179 0.062  -2.887 | -0.175 0.064  -2.734
Motorbike driver’s license 1.313 0.109  12.046 1.323 0.110  12.027
Motorbike Children in household 0.159 0.080 1.988 0.151 0.081 1.864
Household motorbike
ownershi 0.349 0.027 12.926 0.351 0.028 12.536
Trip purpose (work=1) 0.184 0.089 2.067 0.177 0.090 1.967
OD distance -0.038 0.006 -6.333 -0.038 0.006 -6.333
Travel cost 0.059 0.040 1.475 0.070 0.041 1.707
Trip origin level
Population density -0.053 0.042  -1.262 | -0.051 0.051  -1.000 0.262
Job density -0.049 0.047 -1.043 -0.039 0.054 -0.722 0.321
Land use mix entropy 0.606 0.401 1511 0.671 0.455 1.475 0.036
% of 4-way intersections 2.752 0.862 3.193 2.408 0.985 2.445 0.748
No. of cul-de-sac -0.034 0.075 -0.453 -0.055 0.081 -0.679 -0.226
Trip destination level
Population density 0.066 0.044 1.500 0.066 0.054 1.222 0.278
Job density -0.187 0.038  -4.921 | -0.185 0.049  -3.776 1.145
Land use mix entropy -0.071 0.409  -0.174 | -0.150 0.454  -0.330 -0.156
% of 4-way intersections 2431 0.792 3.069 2.430 0.904 2.688 0.381
No. of cul-de-sac 0.122 0.075 1.627 0.151 0.083 1.819 -0.192
Random Trip destination level
Part O3 _car 0.226 0.063 3.587 0.168 0.062 2.710
coV(0p—car Op—motorpice) | 0172 0.053  3.245 0092 0038 2421
02 motorbike 0.200 0.059 3.390 0.061 0.028 2.179
Trip origin level
03_car 0109 0044 2477 0096 0005 1920
coV(00—carr Oo—motorbike) 0.045 0.038 1.184 0.048 0.032 1.500
03 _motorbike 0.106 0.044 2.409 0.053 0.028 1.893
DIC (Deviance Information Criterion) 10987.83 9214.07 9183.11
MCMC deviance 10764.63 9170.09 9026.40
pD (the effective number of parameters) 22321 43.99 156.72
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Discussion and conclusion

This chapter introduced a multilevel MNL model and multilevel cross-classified MNL
model to explore unobserved spatial heterogeneity and the impact of land use variables
at district and city/county level, and across trip origins and destinations on mode choice
between car, motorbike and public transport.

The results of this study add to the growing body of evidence that land use variables:
density, mixed land use, and street design, apply influence on mode choice behaviour,
after accounting for socio-demographic characteristics, trip purpose of work and school,
travel distance, and travel cost. In addition, the model’s fit for the multilevel MNL
model and multilevel cross-classified MNL model are greatly improved compared to the
traditional MNL model.

This study found that the unobserved spatial heterogeneity (spatial between-group
variations) do exert significant influence on mode choice behaviour. The model’s fit of
Model C and Model F improved by adopting unobserved spatial heterogeneity
compared to Model B and Model E. In addition, by comparing the results of traditional
single-level MNL model and multilevel MNL model, it provides further evidence that
previous studies by adopting single-level MNL model, which neglected spatial
dependency and spatial heterogeneity, to analyse the relationships between land and
travel behaviour could exaggerate the sample size and cause misleading results
(Snijders, 2012, Snellen et al., 2002). Therefore, for the studies related to hierarchical
clustered features and hierarchical data structure, multilevel modelling techniques may
be a better method leading to a more accurate results.

After accounting for the land use of district-level and city/county-level, the unobserved
spatial heterogeneity at city/county-level was reduced greatly compared to the random
term in Model A. Likewise, the unobserved spatial heterogeneity at trip origins and
destinations in Model E were reduced sharply compared to the random terms in Model
A (null-model) after accounting for the land use variables across trip origins and
destinations. This means that the unobserved spatial heterogeneity was effectively
explained by the land use variables at city/county-level, and at trip origin-level and
destination-level adopted in this study.

By and large, this study found that socio-demographic characteristics and travel-related
attributes exert significant influence on mode choice behaviour. At the individual-level,
age, personal income, car and motorbike driver’s license ownerships, travel cost and trip
distance all affect individuals’ mode choice between car and motorbike compared with
public transport. With regard to the impact of household to individual, individuals with
children (aged under 18) in households are more likely to choose car than public
transport. Individuals with more cars or motorbikes in household tend to use more car or
motorbike than public transport respectively.
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As for the influence of land use variables at trip origins on travel mode choice between
car and public transport, the results show that higher population density at district-level
and higher population density and job density at city/county level associate to higher
probability of choosing public transport over the car while more grid-like street pattern
intends to attract more car use rather than public transport. In terms of travel mode
choice between motorbike and public transport, on the one hand, higher population
density at district-level and city/county-level and job density at city/county-level also
associate with choosing public transport over the motorbike. On the other hand, more
diversified land uses and more grid-like street pattern associate to higher probability of
motorbike use. Few studies have paid attention to the effects of land use on motorbike
use.

As for the influence of land use variables at trip destinations on travel mode choice
between car and public transport, the results show that higher job density and land use
mix associate with higher probability of choosing public transport over the car. In terms
of travel mode choice between motorbike and public transport, higher job density at trip
destination will encourage public transport use while more grid-like street pattern or
cul-de-sac intends to attract more motorbike use rather than public transport.

Finally, from the results it seems that, in Taiwan, motorbike use fits better with high
density, diversified land use and grid-like street patterns than the car. Diversified land
uses provide more opportunities for access to different activities. Likewise, a grid-like
street pattern provides an easy access environment for the motorbike. Chang &
Wu(Chang and Wu, 2008) characterised motorbike by shorter trip distances and a
greater number of multi-stop trips compared to car use. This phenomenon may also
apply to other countries in Southeast Asia, such as Vietnam, the Philippines, Malaysia
and Thailand, where the motorbike plays an important role in road transport. Most
previous studies on motorbike mode choice behaviour (Chen and Lai, 2011, AK et al.,
2006) have focused on the influence of trip features and socioeconomics characteristics
while few studies have analysed the influence of land use on motorbike mode choice
behaviour.

For Southeast Asian countries with a high proportion of motorbike use such as Taiwan,
Vietnam, the Philippines, Malaysia, Thailand and Indonesia, maybe there is a need to
implement some strategies to increase the inconvenience or the costs for motorbike use
in urban area in order to make public transport more competitive compared to the
motorbike. Although there may be an argument that the is preferable to the car in terms
of environmental impact, and should therefore be encouraged in order to discourage
growth in car use, the motorbike is a step into private motorised transport for people
reaching the age of 18 enjoying the right to have driver’s license. If people get used to
using the motorbike as daily transport mode at the young age, many of them may well
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shift to car ownership as their income increases and they get older. Therefore,
implementing effective strategies to ensure the built environment favours public
transport over motorbike use is critical for a sustainable future.
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"+4% 2: The Influence of Capability, Opportunity and

Motivation on Travel Mode Choice
AFELFSXFMAFZ RS

Introduction

This chapter addresses the fifth research question (RQ5) which aims to understand how
capability, opportunity and motivation influence on travel mode choice behaviour. If
refers to the proposed model for travel mode choice behaviour towards use public
transport in Figure 2.10, this chapter is to examine the relationships between Block E,
intention to use public transport, and travel mode choice behaviour, and also the
interactions with Block A, B, C and D (see Figure 2.10).

Based on travel mode choice model built in Figure 2.9 (chapter 2), travel mode choice
behaviour are influenced by motivation, capability and opportunity (Michie et al., 2011).
There are two aims in this chapter. The first is to analyse passengers’ motivation
towards public transport and to disentangle the influence of motivation on the travel
mode choice behaviour. Motivation towards public transport involves the understanding
of the motivational factors: pro-environment value, attitudes, subjective norms,
perceived moral obligation (PMO), perceived behavioural control (PBC) and intentions,
which are related to public transport use. The second aim is to extend the motivation
towards public transport to include capability and opportunity. Capability and
opportunity influence travel mode choice directly and directly. Indirectly, the impacts of
capability and opportunity on travel mode choice are mediated by motivation.

Increasing public transport market share has been an important transport policy in
Taiwan, while there is still lack of knowledge in the psychological factors that can
motivate mode choice behaviour towards public transport (Lan et al., 2006). The
Ministry of Transport and Communications (MOTC) in Taiwan launched the National
Road Public Transport Plan (NRPTP), which has invested a further budget of about
$166 million annually since 2010. The key objectives of the NRPTP are to raise the bus
patronage number by 5% per year and double the public transport market share reaching
30% (about 15% in 2009) by 2025 (Ministry Of Transportation and Communications,
2010, Ministry Of Transportation and Communications, 2012). Marketing strategies
have been included in the project, however, it is still unclear what the impact the
motives have on switching travel mode choice towards public transport.

There are eight sections in this chapter. The following section proposes a conceptual
model; the third section describes the descriptive statistics of the indicators; the fourth
section uses factor analysis to extract the latent factors of the motivation towards public
transport model; the fifth section analysis the association of the factors in the motivation
model with socio-demographic characteristics and different places. The sixth section

presents the impacts of motivational factors on intentions to use public transport by
125



structure equation model (SEM). The seventh section examines the influence of
motivational factors on travel mode choice behaviour. The final section delivers the
conclusion of this chapter.

Travel mode choice conceptual model

As can be seen in Figure 0.1, this chapter assumes that individual decision-making on
travel mode choice is determined by personal characteristics (motivation and capability)
and extrinsic conditions (opportunity for action) (Michie et al., 2011, Thegersen, 2009).
In addition, factors of capability and opportunity exert some impacts on motivational
factors (Figure 0.1).

Capability
Socio-demographics factors

/ Motivation N\
Pro-
environment

Subjective

Mode choice

Car

Motorbike

Public transport

Opportunity
Public transport provision
Walkability
Land use

Figure 0.1 Travel mode choice behaviour model

Motivation towards public transport

Motivation towards the public transport is to bridge the relations between motivational
factors, intentions to use public transport and travel mode choice behaviour. Motivation
refers to ‘brain processes to energize or direct behaviour’ (Michie et al., 2011), which
indicate the reasons why the individual intends to have the action. For example, the
individual traveller may think he/she wants to use public transport because most of
his/her friends have already been using this form of transport. The ‘want to use public
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transport’ is the intentions and the ‘because most of his/her friends have already been
using public transport’ is the motivation.

The motivational factors: pro-environment value, attitudes, subjective norms, PMO,
PBC and intentions, were developed by the theory of planned behaviour (TPB) (Ajzen,
1991) and its extended model (Chen and Tung, 2014, Heath and Gifford, 2002). The
theory of planned behaviour (TPB) model and its extended model are the commonly
used basic frameworks to explain travel behaviour intentions and travel behaviour
(Chen and Chao, 2011, Chen and Lai, 2011, Thegersen, 2009, Bamberg et al., 2003,
Heath and Gifford, 2002). Chen and Tung (2014) & Heath and Gifford (2002) extended
TPB model by adopting perceived moral obligation (PMO), and environmental
concerns and value to enrich the explanatory power for intentions. Pro-environment
value, attitudes, subjective norms, PMO, PBC are treated as antecedent of intentions to
use public transport, as shown in Figure 0.1. In terms of PBC, it refers to an individual’s
judgement about ease or difficulty in using public transport and it is assumed to reflect
past experience as well as expected impediments and obstacles for using public
transport. PBC can also serve as a proxy for actual behaviour control and contribute to
the prediction of mode choice behaviour, as shown in Figure 0.1 (Ajzen, 1991).

Pro-environment value is assumed to be related to the intentions of using public
transport indirectly, which is mediated by attitudes, subject norm and PMO in the
motivation towards public transport model, as shown in Figure 0.1. Most of the
previous studies reported disappointing results, which showed low to moderate
relationships between environmental concerns and behaviour. Bamberg (2003)
reviewed some previous studies and assumed that pro-environment value, which is a
general attitudes on environment concerns and value, had an indirect influence on
specific environmental behaviour intentions and specific environmental behaviour.
Chen and Tung (2014) & Bamberg (2003) gave the evidence that pro-environment
value did not have significant direct impact on behaviour intentions and behaviour itself
but exerted strong direct impacts on situation-specific beliefs and attitudes.

For example, imagine two people A and B in which A has higher environmental
concerns and values than B. With all other conditions the same, person A may report
higher evaluation on attitudes towards public transport and perceived moral obligation
of using public transport than person B under the same public transport service level
due to person A’s higher pro-environmental value. In terms of subjective norms, person
A may report higher evaluation on subjective norms over public transport than person B
because his/her pro-environment value let him/her have more sensitivity on the social
pressure to use public transport than person B. Likewise, person A may report easier to
use public transport than person B because his/her pro-environmental value let him/her
have higher tolerance on using public transport.
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This study also assumes that there are some interactions between attitudes, subjective
norms, PMO and PBC (Figure 0.1). Individual’s attitudes may exert some impact on
perceptions of behavioural control over public transport (PBC). Perceptions of moral
obligation (PMO) may be affected by social pressure (subjective norms) and
perceptions of behavioural control (PBC).

Opportunity
Opportunity is similar to accessibility which is affected by the supply side of public
transport service quality, the demand side the situation of land use and walking
environment. Public transport provision relates to the opportunity of using public
transport, and land use relates to the opportunity of access to activities. In this chapter,
opportunity variables include bus stops density, bus operation length, metro station,

mixed land use entropy, street patterns and overall perceived walkability.

Capability
Sen (1993) defined capability as ‘the alternative combinations of functions a person can
achieve and from which he or she can choose one collection.” Capability relates to
physical, psychological and mental aspects. In this study, gender, age, children in
household, drivers’ licence and household vehicle ownership were adopted as proxies of
physical aspect of capability. For instance, as a person grows older, the physical
constrains make him/her more willing to use public transport rather than private vehicle.
In addition, a person who owns car or motorbike (tools) is more capable to use car or
motorbike. Mental aspect of capability relates to education and occupation. Financial
aspect of capability relates to income. For example, higher income people are more

capable of owning a car and using car as transport mode.

Building on this travel model choice behaviour model in Figure 0.1, the aims of this
chapter are to: 1) identify the latent factors: pro-environment value, attitudes, subjective
norms, PMO, PBC and intentions; 2) examine the influence of capability and
opportunity on motivational factors; 3) to what extent these motivation factors influence
intentions to use public transport, and 4) to what extent the capability, opportunity and
motivation influence travel mode choice behaviour.

Descriptive statistics

Data on perceptions of the walking environment, attitudes towards public transport,

mode choice for commuting trips, and socio-demographic characteristics was drawn

from an online survey of travel behaviour. An unrestricted self-selection survey method
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was used, in other words the survey was open to the public for participation. A snowball
sampling method was used; the questionnaire web link was sent to contacts in Taiwan
via email, Facebook and online chat apps; these contacts were asked both to complete
the questionnaire and to forward the web link to their friends in Taiwan. The survey
took place between July and August, 2015. There are 1,619 valid samples in this survey.
Of all the effective samples, 1,427 samples was used in this analysis because 192
samples did not report commuting trips. This section describes the descriptive statistics
of capability variables, opportunity variables and the indicators for motivational factors.

Descriptive statistics of capability and opportunity variables

The descriptive statistics for capability variables can be seen in Table 0.1. Of all the
1,427 samples, about 40% respondents reported using motorbike as commuting mode of
transport, about 30% used car and public transport respectively (Table 0.1). If compare
the samples’ modal split with the modal split of Taiwanese National Travel Survey
2014 for commuting trips (car : motorbike : public transport = 23.6% : 53.9% : 25.7%)
(Department Of Statistics, 2015), motorbike users were underrepresented in the sample
while car and public transport users were overrepresented. This may be caused by the
proportion of samples from metropolises such as Taipei City and New Taipei City were
larger than the proportion of the population. These cities have higher public transport
use rate and lower car use rate. However, as the focus of this study is on understanding
individual behaviour rather than predicting behaviour for the population this is not of
major concern.

Overall, female, aged 24 and under, aged 55 and over, lower education level, lower
monthly income level, and without children in household tended to have higher
possibility of using public transport (Table 0.1). Female had higher possibility (35.5%)
of using public transport compared with male and male had higher possibility (44%) of
using motorbike (Table 0.1). In terms of age, aged 24 and under 25, and aged 54 and
over tended to use public transport more compared with other aged 25-54 (Table 0.1).
Lower education level (high school and under) had the highest possibility to use public
transport (40.2%) among all the education groups, and higher education level (master’s
and doctoral degree) had the greatest proportion (34.6%) of car use (Table 0.1). Lower
income group (Monthly income <US$ 667) had the highest possibility (42.5%) of using
public transport and higher income group (monthly income >= US$ 2,667) had the
highest possibility (56.7%) of using car compared with other income groups (Table 0.1).
Whether there are children (aged under 18) in household seems related to travel mode
choice. Household without children tended to have higher possibility of using public
transport (36.6%) and motorbike (43.2%) than household with children (Table 0.1).

By and large, car and motorbike driver’s license and household car and motorbike
ownerships, which represent the capability of using car and motorbike, associated with
travel mode choice (Table 0.1). The public transport usage rate for respondents without
car driver’s license (57.8%) and without motorbike driver’s license (73.0%) were about
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double and triple to the respondents with car driver’s license (26.9%) and with
motorbike driver’s license (25.1%) (Table 0.1). In terms of household car and
motorbike ownerships, the proportion of public transport use decreased along with the
increasing of household car and motorbike ownerships (Table 0.1).

Table 0.1 Modal split and socio-demographic characteristics

Car (%) Motorbike (%) Public transport (%)
Total 28.9 39.6 31.5
Male 27.6 44.0 28.4
Female 30.7 33.8 35.5
Aged 14-24 5.3 50.6 44.1
Aged 25-54 31.7 39.5 28.8
Aged 55 and over 37.8 18.3 43.9
Education: high school and under 22.7 37.1 40.2
Education: bachelor’s degree 25.7 47.1 27.2
Education: master’s and doctoral degree 34.6 29.7 35.7
Monthly income < US$ 667 5.23 523 425
USS$' 667<=Monthly income<USS$ 2,667 27.4 44.0 28.6
Monthly income>=US$2,667 56.7 9.1 342
Children(aged under 18) in household: no 20.3 432 36.6
Children(aged under 18) in household: yes 38.7 35.6 25.7
Car driver’s license: no 5.6 36.6 57.8
Car driver’s license: yes 33.0 40.1 26.9
Motorbike driver’s license: no 24.9 2.1 73.0
Motorbike driver’s license: yes 29.6 453 25.1
Household car ownership: 0 1.2 50.0 48.8
Household car ownership: 1 25.2 40.8 34.0
Household car ownership: 2 55.0 27.8 17.2
Household car ownership: 3 49.3 40.3 10.4
Household car ownership: 4 60.0 40.0 0.0
Household motorbike ownership: 0 445 2.3 53.2
Household motorbike ownership: 1 322 31.6 36.2
Household motorbike ownership: 2 23.7 499 26.4
Household motorbike ownership: 3 24.1 57.6 18.3
Household motorbike ownership: 4 14.9 71.6 13.5

1. Exchange rate: US$ : NTD (New Taiwan Dollar) = 1:30

Table 0.2, show descriptive statistics of the opportunity variables: land use mix entropy,
percentage of 4-way intersections, walking time to public transport stop/station, bus
operation, bus stop density and overall perceived walkability for car, motorbike and
public transport users.
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Table 0.2 Descriptive statistics of opportunity variables

Variables Mean Std. dev. Min. Max.

Car 0.647 0.117 0.205 0.890

Land use mix entropy (district) Motorbike 0.644 0.113 0.054 0.853
PT 0.650 0.092 0.228 0.890

Car 0.214 0.075 0.034 0.561

% of 4-way intersections (district) Motorbike 0.234 0.088 0.055 0.561
PT 0.225 0.073 0.034 0.561

Car 2.16e+07 1.99¢+07 6539 7.06e+07

Bus operation length (district) Motorbike 2.38e+07 1.99e+07 0 7.06e+07
PT 3.60e+07 1.96e+07 0 7.06e+07

. 2 Car 0.850 1.310 0 7.886

VBi‘l‘;;te‘;p density (Stops/per km, Motorbike 1.086 1.417 0 10.891
PT 1.912 1.968 0 17.919

Car 8.840 8.138 3 35

Walking time to PT stop/station Motorbike 8.277 7.243 3 35
PT 5.148 3.997 3 35

Car 4.828 1.498 1 7

Overall perceived walkability Motorbike 4.703 1.453 1 7
PT 5.241 1.371 1 7

PT: public transport

Descriptive statistics of motivational indicators

As can be seen in Table 6.1, the constructs of motivation towards public transport
contains five components including pro-environment value (PE1-PE7), attitudes
towards public transport (AT1-AT5), subjective norms over public transport (SN1-SN3),
PMO (perceived moral obligation of using public transport), PBC (perceived behaviour
control for public transport) and intentions to use public transport (IN1 and IN2). Table
0.3 shows all the indicators this study adopted to measure the constructs of motivation
towards public transport.

A 5-likert scale was used to for the respondents to measure these indicators, and the data
are coded as strongly agree: 5, agree: 4, neutral (neither agree nor disagree): 3, disagree:
2, strongly disagree: 1. For questions, PE3 - the effects of climate change are too far in
the future to really worry me, PE4 - the so called ‘environmental crisis’ facing humanity
has been greatly exaggerated, and PE7 - technological advances will solve many
environmental problems - were reversely coded, as strongly agree: 1, agree: 2, neutral: 3,
disagree: 4, strongly disagree: 5. The higher the number indicates a more positive pro-
environment value, as noted in the last column in Table 0.3.

As can be seen in Table 0.3 and Figure 0.2, generally, most of the respondents agree
with the severe climate change and potentially caused environmental problem. All the
indicators in the group of pro-environment value indicators except PE7 have a negative
skewness. PE2 — we will all need to make sacrifices in our lifestyles to reduce
environmental problems - has the highest mean score (4.39) and lowest standard
deviation (0.609). PE7 - Technological advances will solve many environmental
problems - has the lowest mean score (2.5) and highest standard deviation (0.985) in the
group of pro-environment value indicators. From the histogram in Figure 0.2 and the
positive skewness in Table 0.3, although most of the respondents agree that the climate
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change is an important issue, many others believe that technological advances will
relieve the problem.

As for AT1-ATS5 the indicators for measuring attitudes towards public transport (Table
0.3, Figure 0.2), Question AT1 - for me, (if) I can take public transport for everyday
routes would overall be (very bad to very good) - has the highest mean score of 4.20
with a standard deviation of 0.876, which indicate that most of the respondents agree
that it is a good thing if they can use public transport as everyday routes. Question AT2
- in the past year, using public transport is a satisfying experience, and AT3 - for me,
using public transport for everyday routes is convenient - have the same lowest mean
score of 3.57 with standard deviation of 0.937 and 1.046 respectively among the
attitudes questions, which indicate that the respondents reported satisfaction and
convenience for public transport service were not as well as their willingness to use
public transport for a daily mode of transport.

As for the indicators (SN1-SN3) measuring subjective norms over public transport
(Table 0.3 and Figure 0.2), SN1 - most people who are important to me would support
my using public transport instead of car and motorbike for daily travel from my current
place of residence) has the highest mean score (3.41) and lowest standard deviation
(0.958). SN3 - most of my friends and relatives use public transport regularly - has the
lowest mean score (3.01) and highest standard deviation (1.026). The skewness for SN2
and SN3 are close to 0, which means that the range of answers for both questions are
about balance, as shown in Figure 0.2.

Perceived moral obligation and Perceived behaviour control are only measured by PMO
and PBC respectively, as shown in Table 0.3 and Figure 0.2. PMO has the higher mean
score (3.39) and lower standard deviation (1.027) compared with PBC (mean=2.94,
SD=1.326). The gap between PMO and PBC means that the respondents feel that they
are obliged to use public transport, however, some feel that it is difficult for them to use
public transport as daily mode of transport.

Intentions to use public transport is measured by IN1 - how likely is it, that in the next 6
months you will use public transport for everyday routes (extremely unlikely to
extremely likely), and IN2 - my intentions to use public transport for everyday routes is
(extremely weak to extremely strong). The mean score and standard deviation for the
indicators IN1 and IN2 are 2.85 and 1.335, and 2.91 and 1.163 respectively.
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Table 0.3 Descriptive statistics for motivation towards public transport questions

No. ltems Mean| Std' Skewness Kurtosis[ Reverse
ev. code

PE1 I am very concerned about environmental issues. 422  .738 -.643 134 No

PE2 We will all need to make sacrifices in our 439 .609 -840 2.003 No
lifestyles to reduce environmental problems.

PE3 The effects of climate change are too far in the 4.09  .843 -1.068 1.390 Yes
future to really worry me.

PE4 The so called ‘environmental crisis’ facing 3.93 930 -949 745 Yes
humanity has been greatly exaggerated.

PE5 | would be prepared to pay more for 3.98 722 -.843 1.801 No
environmentally-friendly products.

PEG6 If things continue on their current course, we 419 735 -.967 1.763 No
will soon experience a major environmental
disaster.

PE7 Technological advances will solve many 2.50 985 478 -481 Yes
environmental problems.

PE8 There is an urgent need for something to be done 435  .661 -1L135( 3.075 No
about the environmental pollution caused by car
and motorbike use.

ATL1 For me, (if) I can take public transport for 4201 .876 -1.166 1373 No
everyday routes would overall be (very bad to
very good).

AT2 In the past year, using public transport is a 3sh 937 -.760 436 No
satisfying experience.

AT3 For me, using public transport for everyday 3.57  1.046 -.730 -.006 No
routes is convenient.

AT4 For me, using public transport for everyday 3.63f 858 -.833 904 No
routes is reliable.

AT5 For me, using public transport for everyday 3.600 970 -.627 -.040 No
routes is cheap.

SN1 Most people who are important to me would 341 958 -.337 -.283 No
support my using public transport instead of car
and motorbike for daily travel from my current
place of residence.

SN2 Most people who are important to me think that I~ 3.11f 983 -.031 -471 No
should use public transport instead of car and
motorbike for daily travel from my current place
of residence.

SN3 Most of my friends and relatives use public 3.01f 1026 -.057 -734 No
transport regularly.

PMORegardless of what other people do, because of 3.39  1.027 -421 -.289 No
my own values/principles | feel an obligation to
use public transport instead of the car and
motorbike for everyday trips.

PBC For me using public transport for everyday 294 1.326 079 -1.222 No
routes is (extremely difficult to extremely easy).

IN1 How likely is it that in the next 6 months you 285 1.335 086 -1.241 No
will use public transport for everyday routes
(extremely unlikely to extremely likely).

IN2 My intentions to use public transport for 291 1.163 -.069 -.808 No
everyday routes is (extremely weak to extremely
strong).
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Figure 0.2 Histogram for motivation towards public transport questions
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The Cronbach’s a is 0.892, as shown in Table 0.4, which exceed the acceptable level
of 0.7 (Nunnally et al., 1978). This value indicates that the dataset of motivation
towards public transport indicators is reliable and has adequate internal consistency.

Table 0.4 Reliability statistics

Cronbach's
Alpha N of Items
.892 20

Exploratory factor analysis for motivation model latent factors

Exploratory factor analysis (EFA) rather than confirmative factor analysis (CFA) was
used in identify the measurement model of SEM. The questionnaire adopted some
related questions as indicators to measure the unobserved motivational factors: pro-
environment value, attitudes, subjective norms, perceived moral obligation (PMO),
perceived behavioural control (PBC) and intentions. As can be seen in Table 0.5,
there are many cross correlations between indicators in different categories, which
indicate that if CFA was used and fixing cross-loadings at 0 may cause a worse fit of
a measurement model. Then, there is a need to do intensive model modification by
using model modification indexes to find a well-fitting model. The process of model
modification becomes exploratory rather than confirmatory. Hence, EFA was used to
identify the measurement model, which is the latent constructs between motivational
latent variables and the indicators (Asparouhov and Muthén, 2009, Marsh et al., 2010,
Browne, 2001).

Sample size is the first prior criteria to be checked when doing factor analysis.
Williams et al. (2012) suggested that the sample size level for factor analysis is as
follows: 100 as poor, 200 as fair, 300 as good, 500 as very good and 1,000 or more as
excellent (reference needed). Hair et al. (2009) also suggested that the minimum was
to have at least five times as many observations as the number of indicators to be
analysed, and a more acceptable sample size is to have an observation to indicator
ratio of 10:1 but it would more accurate to have a ratio of 20:1. There are 1,427
samples in this study survey, which is about the ‘excellent’ sample size requirement
and the observations to indicators ratio of about 80:1. Therefore, the sample size of
this study is enough for carrying out factor analysis.

The second prior task to be checked is the correlation matrix displaying the
relationships between the individual observed indicators, as shown in Table 0.5. Hair
et al. (2009) suggested that if there were no substantial number of correlations greater
than (+/-) 0.3, then factor analysis is probably inappropriate. Table 0.5 shows that
there are a substantial number of correlations greater than 0.3. Also, there is no



multicollinearity problem (no correlations greater than 0.9), therefore, the data of this
study are suitable for factor analysis. Correlation matrix in Table 0.5 also shows that
the correlations between indicators PE7 - technological advances will solve many
environmental problems - and other indicators are all lower than (+/-) 0.3, which
means that PE7 may be irrelevant to other indicators. PE7 seems more likely to assess
pro-technology value rather than pro-environment value. Therefore, PE7 is excluded
in the factor analysis. Expand on this in meeting

Table 0.5 Correlation matrix for motivation towards public transport indicators
PE1PE2PE3PEAPESPEGPE7PESATIAT2AT3ATS5ATS5SNISN2SN3PMOPBCINL IN2

PE1 1.00

PE2 .595 1.00

PE3 .489 .467 1.00

PE4 .412 .409 .605 1.00

PE5S .382 .437 360 .360 1.00

PE6 .425 .474 458 .500 .441 1.00

PE7  -.002.061.071 - -1.00
.001 .003 .007
PES .380 .458 .382 .343 402 430 - 1.00
089
AT1 274 341 272 220 307 283 - 418 1.00
029

AT2 .154 .183 .146 .093 .214 .193 - .184 .349 1.00

.013

AT3 .136.198 .119 .116 .219 .182 - .201 .357 .705 1.00
.037

AT4 .162 214 143 .112 .240 .189 - .207 .349 .653 .668 1.00

.046

ATS5 .164 221 .170 .144 226 .187-.011 .248 .338 .418 .426 .438 1.00

SN1 .172.233 1136 .126 .235 .189 - .249 422 420 .439 .405 .390 1.00
.024

SN2 .201 .220 .139 .137 .230 .179 - .239 .356 .396 .439 .397 .377 .729 1.00
.051

SN3 .105 .140 .066 .085 .147 .107 - .141 .265 .396 .460 .392 .318 .530 .546 1.00

.035

PMO .340 .351 .288 .240 .353 .315 .022 .374 .546 .415 .439 .391 .388 .456 .486 .342 1.00

PBC .102.149 .118 .082 .162 .102 - .180 .398 .505 .567 .430 .358 .479 474 451 .514 1.00
.002
IN1 154 .196 .154 .126 .217 .137 .024 241 441 444 493 368 .354 .445 452 382 .563 .7741.00

IN2 244 284 222 200 .271 .194 .038 .297 488 .377 433 345 342 439 451 325 .639 .644.7331.00

Factor analysis for pro-environment, attitudes towards public transport and
subjective norms over public transport

Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO-MSA) and Bartlett's Test
of Sphericity confirmed that the dataset of the 15 indicators (PE1-PE8) (exclude PE7),
AT1-AT5 and SN1-SN3) are the most suitable for factor analysis. The index of
KMO-MSA ranges from 0 to 1 and the measure’s guideline is: 0.8 or above,
meritorious; 0.70 or above, middling; 0.60 or above, mediocre; 0.50 or above
miserable; and below 0.5, unacceptable (Hair et al., 2009). Table 0.6 shows that the
KMO-MSA for motivation towards public transport indicators’ data is 0.887, reaching
the meritorious level. Bartlett's Test of Sphericity is to check if the correlation matrix



has significant correlations among at least some of the indications (Hair et al., 2009).
The significant level of p<0.000 for Bartlett’s Test of Sphericity, as shown in Table
0.6, confirmed that the motivation towards public transport indicators do have
patterned relationships.

Table 0.6 KMO-MSA and Bartlett’s test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .887

Bartlett's Test of Sphericity 10119.826 13839.174
105 153
.000 .000

Factor analysis aims to extract the latent factors of pro-environment, attitudes towards
public transport and subjective norms over public transport. The indicators for these
latent factors include PE1-PE8 (exclude PE7), AT1-AT5 and SN1-SN3.

Principal axing factoring method is used to extract the latent factors from the
motivation towards public transport indicators’ dataset. There are 3 factors extracted
if the extraction rule follows that factors with eigenvalues greater than 1.0 are
extracted (Hair et al., 2009). Figure 0.3 shows the scree plot, which plot the latent
roots against the first 15 factors extracted in these 15 indicators, in order. Also, Table
0.7 shows that the first three extracted factors accounted for about 60% of total
variance.

Table 0.7 Total variance explained

Extraction Sums of Squared | Rotation Sums of Squared
Initial Eigenvalues Loadings Loadings
% of % of % of
Factor Total VVarianceCumulative %]| Total VarianceCumulative %|Total VVarianceCumulative %
1 5312 35412 35.412] 4.845 32303 32.303] 3.242  21.610 21.610
2 2583 17.221 52,633 2.119  14.125 46.427] 2.450 16334 37.944
3 1.051 7.010 59.643] .728 4.851 51.278| 2.000  13.333 51.278
4 829 5.528 65.170]
5 705 4.702 69.873
6 674 4.494 74367
7 641 4271 78.638
8 548 3.652 82.291
9 510 3.400 85.691
10 482 3.214 88.904
11 396 2.638 91.542
12 375 2.497 94.040]
13 350  2.334 96.373
14 287 1.911 98.285
15 257 1.715 100.000

Extraction Method: Principal Axis Factoring.
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Figure 0.3 Scree plot for the extracted factors

As can be seen in Table 0.8 unrotated factor loadings show the factor loadings prior to
rotation with some cross-loadings in them, which indicates that there is a need to
introduce factor rotation to simplify the factor loadings. Factor loadings represent the
correlations between the observed indicators and the latent factors. So, the squared
factor loading is the amount of the indicator’s total variance accounted for by the
latent factor. In addition, the sum of the squared loadings for each factor is the
communalities for each indicator, as shown in the last column in Table 0.8. The factor
loadings under 0.30 are suppressed for easier interpretation. Hair et al. (2009)
suggested some guidelines for factor loadings. Firstly, factor loadings in the range of
+0.30 to +0.40 are considered to meet the minimal level for interpretation of structure
(that is why Table 6.11 and 6.12 supress factor loadings under £0.30). Secondly,
factor loadings £0.50 or greater are considered practically significant. However,
identifying significant factor loadings also based on sample size. For sample sizes
greater than 350, factor loading +0.30 or greater is significant at the level of 95%. In
addition, the sum of loadings exceeding 1.70 are considered indicative of well-defined
structure and are the goal of any factor analysis (Hair et al., 2009). Table 0.8 shows
that all factor loadings of this study comply with all the requirements. Each factor has
more than three indicators which have significant loadings. However, the unrotated
factor loading matrix shows complicated relationships between the indicators and
latent factors. Some indicators such as PE1, PE2, PE3, PE4, PE6, PE8, AT2, AT3,
AT4, SN1 and SN2 were found cross-loadings with two or three factors. Hence, there
is a need to introduce factor rotation, which can maximize high indicator loadings and
minimize low indicator loadings to reduce, or even eliminate cross-loadings and thus
transform a simple structure.



The last column in Table 0.8 shows the communalities of the indicators, which
represent the proportion of the variance that is explained by the extracted factors. SN1
- most people who are important to me would support my using public transport
instead of car and motorbike for daily travel from my current place of residence - has
the highest proportion of variance, about 74.2%, explained by the extracted latent
factors. In addition, AT3 - for me, using public transport for everyday routes is
convenient, SN1 - how likely is it, that in the next 6 months you will use public
transport for everyday routes (extremely unlikely to extremely likely), and SN2 - my
intentions to use public transport for everyday routes is (extremely weak to extremely
strong), which relates to the attitudes towards public transport and subjective norms
over public transport respectively, have more than 70% of their variances explained
by the extracted latent factors.

Table 0.8 unrotated factor loadings

Factor C liti
1 > 3 ommunalities
AT3 .659 -.430 -.310 .716
SN1 .659 -.349 432 742
SN2 .643 -.338 432 714
AT4 .635 -.364 -.316 .635
AT2 .635 -.398 -.342 .678
PE2 .580 432 523
AT1 577 335
PES8 534 305 379
PE6 531 A27 467
ATS .528 316
PE5S 522 .356
PE1 .509 446 459
SN3 .506 -.360 418
PE3 496 .509 .508
PE4 456 .488 446

Extraction Method: Principal Axis Factoring.

The cross-loading problem has improved by adopting varimax rotation method, which
is the orthogonal transformation in which the transformed factors are mutually
uncorrelated. The reason to choose this orthogonal transformation technique is
because the following analysis will examine the association of these latent factors
with mode choice behaviour by using the extracted factors’ scores. The orthogonal
rotation method can avoid the collinearity between the factors. Table 0.9 shows
rotated factor loading matrix. Compared to Table 0.8 (unrotated factor loading matrix)
the latent factor structure has been simplified if suppress the insignificant factor
loadings (factor loading less than 0.30). Therefore, the extracted four latent factors
can easier be interpreted.



The factor loadings in Table 0.9 show that each factor has some excellent indicators.
Tabachnick and Fidell (2007) suggested that loadings in excess of 0.71 (50%
overlapping variance) are considered excellent, 0.63 (40% overlapping variance) very
good, 0.55 (30% overlapping variance) good, 0.45 (20% overlapping variance) fair,
and 0.32 (10% overlapping variance) poor. The indicators are ranked by their factor
loadings in each group of factor.

The first extracted factor is ‘Pro-environment value’, as shown in Table 0.9, which is
mainly measured by PE3 - The effects of climate change are too far in the future to
really worry me, PE2 - We will all need to make sacrifices in our lifestyles to reduce
environmental problems, PE6 - If things continue on their current course, we will
soon experience a major environmental disaster’, PE1 - | am very concerned about
environmental issues), and PE4 - The so called ‘environmental crisis’ facing humanity
has been greatly exaggerated). More than 40% of these five indicators’ (PE3, PE2,
PE6, PE1 and PE4) variances are accounted for by the first latent factor. The
indicators grouped in the first factor except AT1 are all related to environmental
concerns and value, thus named the first latent factor as ‘Pro-environment value’.

The second extracted factor is ‘Attitudes towards public transport’, as shown in Table
0.9, which is mainly measured by AT3 - For me, using public transport for everyday
routes is convenient, AT2 - In the past year, using public transport is a satisfying
experience, and AT4 - For me, using public transport for everyday routes is reliable.
More than 50% of these three indicators’ (AT3, AT2 and AT4) variances are
accounted for by the second latent factor. All the indicators grouped in the third factor
are related to the attitudes towards public transport, thus named the third latent factor
as ‘Attitudes towards public transport’.

The third extracted factor is ‘Subjective norms over public transport’, as shown in
Table 0.9, which is mainly measured by SN1 - most people who are important to me
would support my using public transport instead of car and motorbike for daily travel
from my current place of residence - and SN2 - most people who are important to me
think that 1 should use public transport instead of car and motorbike for daily travel
from my current place of residence. More than 50% of these three indicators’ (SN1
and SN2) variances are accounted for by the third latent factor. All the indicators
grouped in the third factor are related to subjective norms over public transport use,
thus named the third latent factor as ‘Subjective norms over public transport’.

After factor analysis, this study summarises the 15 motivational variables’ indicators
into 3 latent factors: pro-environment values, attitudes towards public transport and
subjective norms over public transport.



Table 0.9 Rotated factor loadings

Factor

Pro-
environment towards PT

Subjective
Attitudes norms over

PT

The effects of climate change are too far in the

future to really worry me.

We will all need to make sacrifices in our lifestyles

to reduce environmental problems.

PEG If things co_ntinue on 'gheir cu_rrent course, we will
soon experience a major environmental disaster.

PE1 | am very concerned about environmental issues.

PE4 The so called ‘environmental crisis’ facing

humanity has been greatly exaggerated.

There is an urgent need for something to be done

PE8 about the environmental pollution caused by car and

motorbike use.

I would be prepared to pay more for

environmentally-friendly products.

PE3

PE2

.710

.703

.669

.669
667

576

557

AT1 For me, to take public transport for everyday routes
would overall be (Very bad to very good)

3 For me, using public transport for everyday routes
is convenient.
In the past year, using public transport is a
satisfying experience.
For me, using public transport for everyday routes
is reliable.
For me, using public transport for everyday routes
is cheap.

AT4

ATS

372

305

.796

.786

752

430

321

.305

Most people who are important to me would
support my using public transport instead of car and
motorbike for daily travel from my current place of
residence.

Most people who are important to me think that |
should use public transport instead of car and
motorbike for daily travel from my current place of
residence.

Most of my friends and relatives use public
transport regularly.

SN1

SN2

.358

.802

.790

536

Extraction Method: Principal Axis Factoring.
Rotation Method: Varimax with Kaiser Normalization.
Rotation converged in 4 iterations.

8.1.2 PMO, PBC and intentions to use PT

1. PMO (perceived moral obligation) and PBC (perceived behaviour control)

PMO and PBC are measured by the indicators: regardless of what other people do,
because of my own values/principles | feel an obligation to use public transport
instead of the car and motorbike for everyday trips, and for me using public transport



for everyday routes is (extremely difficult to extremely easy) respectively. In order to
pertain consistent result, standardised scores with mean 0 and standard deviation 1 for
PMO and PBC are used in the model analysis.

2. Intention to use PT
Intention to use public transport is measured by two indicators: IN1 - how likely is it,

that in the next 6 months you will use public transport for everyday routes.(extremely
unlikely to extremely likely)- and IN2 -my intention to use public transport for
everyday routes is (extremely weak to extremely strong). The Cronbach’s Alpha for
the two indicators is 0.841, which suggests its adequate internal consistence. The
extracted intention to use public transport factor explained about 87% of total
variance and each indicator has 73.2% variance explained by the intention to use
public transport factor.

Estimation results

Based on the conceptual model developed in Figure 0.1, this section examines the
impact of the motivational variables: pro-environment value, attitudes, subjective
norms, PMO, PBC, on intentions to use public transport and travel mode choice
behaviour by adopting structural equation model (SEM) and generalized structural
equation model (GSEM).

Correlations of the motivational factors

As can be seen in Table 0.10, PBC had the highest correlation with intentions among
all the motivational factors, and pro-environment had the lowest correlation with
intentions. High correlations occurred between attitudes, subjective norms and PMO,
and PBC, which implies that there are interactions between attitudes, subjective
norms and PMO, and intentions. Likewise, there are potential interactions between
attitudes and subjective norms, and PMO.

Table 0.10 Correlations between motivational factors

Pro-environment  Attitudes Subjective norms PMO PBC Intentions
Pro-environment 1.00
Attitudes 0.22 1.00
Subjective norms 0.25 0.12 1.00
PMO 0.41 0.41 0.47 1.00
PBC 0.15 0.51 0.44 0.51 1.00
Intentions 0.27 0.44 0.46 0.63 0.77 1.00

Motivational factors influence on intentions



There are three SEM models being estimated with a maximum likelihood estimation
method. In the first model, this study estimated a whole sample model to test the
hypothesis of the conceptual model. The second and third SEM models adopted car
users and motorbike users in order to understand the different effects for car and
motorbike users on intentions to use public transport.

Table 0.11, Figure 0.4, Figure 0.5 and Figure 0.6 report the estimated results. The
goodness of fit (GOF) indices indicate that the proposed model fits the data well,
RMSEA<0.06, CFl and TLI >0.9, SRMR<0.08 (Bartholomew et al., 2008) for both
whole samples model and motorbike users except car users model.

For the whole sample model, as shown in Table 0.11 and Figure 0.4, the results
confirm that environmental concerns and value (pro-environment) is an important
antecedent determining an individual’s intentions to use public transport. All the four
paths direct from pro-environment factor to attitudes towards public transport,
subjective norms over public transport, PMO and PBC are statistically significant. In
other words, an individual’s attitudes towards public transport, subjective norms over
public transport, perceived moral obligation and perceived behaviour control are
influenced by his/her environmental concerns and value. In addition, environmental
concerns and value (pro-environment) asserts the highest impact on perceived moral
obligation to use public transport (PMQO) compared with attitudes, subjective norms
and PBC. This means that individuals, who enjoy higher awareness of climate change
and environmental problem, have higher perceived moral obligations to use public
transport.

As can be seen in Table 0.11 and Figure 0.4, the paths of motivational factors:
subjective norms, PMO and PBC to intentions to use public transport are statistically
significant and in the expected direction. The results indicate that an individual’s
intentions to use public transport is determined by his/her subjective norms over
public transport, perceived moral obligation and perceived behaviour control. About
80% of the total variance in intentions to use public transport factor is explained by
the motivational factors, which indicate that this model enjoys a well explanatory
power in predicting intentions to use public transport.

PBC is the most influential factor affecting the intentions to use public transport of all
the motivational factors (Table 0.11), which implies that the individual’s perceived
easy or difficult to use public transport is the most important factor in the model
influence his/her intentions to use public transport. PMO is also an indispensable
factor in explaining intentions to use public transport (Table 0.11).



As can be seen in Table 0.11, Figure 0.5 and Figure 0.6, attitudes towards public
transport is insignificant in the whole sample model; and shows opposite impacts on
car and motorbike users’ intentions to use public transport. Attitudes towards public
transport is only statistically significant for motorbike users. This may be because
travel mode choice behaviour is more like a habitual behaviour and car users have
psychological ambivalence, which explain as the following.

There are two reasons to explain why attitudes was insignificant to intentions. Firstly,
mode choice behaviour has become automatic behaviour, which means that habits are
automatically triggered the mode choice (Gérling et al., 2001, Ronis et al., 1989,
Aarts et al., 1998). Under this situation, attitudes towards public transport may
become irrelevant in guiding behaviour when mode choice has developed into a habit
(Gérling et al., 2001, Ronis et al., 1989, Aarts et al., 1998).

Secondly, ambivalence, which refers to ‘holding conflicting feelings or beliefs
towards one object (Gerd Bohner, 2002) may be able to explain why the attitudes
towards public transport is not statistically significant for car users. The social status
(income) for car users is higher than motorbike and public transport users. The social
status makes car users pay more attention on climate change and environmental
problems. So, they tend to give more positive attitudes for public transport use.
However, car users may still enjoy driving. So, their intentions to use public transport
could be lower than expected. As can be seen in Table 0.11 and Figure 0.5, the
negative coefficient between attitudes towards public transport and intentions to use
public transport gives evidence of the psychological ambivalence for car users.

Of all the variance in intentions to use public transport for whole sample model, car
users’ model and motorbike users” model (Table 0.11), 72.7%, 69.3% and 75% were
explained by the motivational factors respectively, which indicates that the
motivational factors adopted in this analysis are good predictors for intentions.
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Table 0.11 Structural model estimated results for intentions to use PT

Model 1: Whole sample

Model 2: car users

Model 3: motorbike

Path users
B SD Sig B SD Sig B SD  Sig
PE — AT 022 0.026 *** 0.18  0.051 *** 0.25  0.041 ***
PE — SN 0.25 0.025 *** 0.25  0.044 *F** 0.21  0.038  ***
PE — PMO 033  0.023 *** 028  0.042 *** 029  0.037 ***
PE — PBC 0.05 0.025 * 0.02  0.004 0.09  0.029 **
AT — PBC 0.52  0.023 *** 036 0.036 *** 034  0.029 ***
PBC — PMO 025 0.026 *** 021  0.053 *** 030  0.053 ***
SN — PMO 0.30 0.026 *** 0.36  0.047 *** 034  0.042 ***
AT — IN 0.01  0.018 -0.02  0.034 0.07  0.026 *
SN — IN 0.06 0.018 ** 0.12  0.039 ** 0.05  0.028
PMO — IN 028 0.018 *** 027  0.037 *** 025  0.025 ***
PBC — IN 0.52  0.018 *** 0.46  0.041 *** 042  0.034 ***
Constant
Total IN variance explained 72.7% 69.3% 75.0%
Goodness of fit (GOF) RMSEA=0.063, RMSEA=0.069, RMSEA=0.000,
CFI1=0.997, TLI=0.974, CFI=0.994, TLI=0.956, CFI=1.0, TLI=0.999,
SRMR=0.018 SRMR=0.015 SRMR=0.006
Sample size 1427 413 565

PE: pro-environment value, AT: attitudes towards public transport, SN: subjective norms over public transport, IN:

intentions to use public transport

Level of significance: p<0.000 “***’ p<0.01 “**’ p<0.05 ‘*’

0.22

Pro- 0.25
environment 0.33
0.05

*: not significant at 95% level of significance

PT: public transport

Subjective

GOF: RMSEA=0.063, CFI=0.997, TLI=0.974, SRMR=0.018

Figure 0.4 Intentions to use public transport estimated results: whole samples
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Figure 0.5 Intentions to use public transport estimated results: car users
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Figure 0.6 Intentions to use public transport estimated results: motorbike users

Conclusion

1. The results of this chapter gives the evidence to the proposed model for travel
mode choice behaviour towards use public transport in Figure 2.9 (Chapter 2),
which capability, opportunity and motivation exerted effects on travel mode
choice and, additionally, there are interactions between capability, opportunity
and motivation.
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2. The estimation results showed that including the motivation factors into the travel
mode choice model well explained the intentions to use public transport and
mode choice behaviour in Taiwan.

3. Based on the estimated model results, PBC had the strongest influence on mode
choice behaviour towards public transport, either directly or indirectly mediated
by intentions to use public transport.

4. Attitudes towards public transport did not show significant impact on intentions
to use public transport. This may be because that travel model choice has become
a habitual behaviour and also car users had psychological ambivalence.

5. Pro-environment value was indispensable factor in the motivation towards the
public transport model; however, its influence on intentions to use public
transport and mode choice behaviour was indirect. The influence of pro-
environment values on intentions and behaviour was antecedent of attitudes,
subject norm, PMO and PBC.
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