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An Importance-Performance Analysis(IPA) for Bus Users Travel
Time by Using Structural Equation Model(SEM)

ABSTRACT

In most public transportation related master plans, decisions for investment priorities are initially made by facilities with lower
installation rates or lower satisfaction (performance) levels. In general, the decisions are made without conducting importance factor
analysis. In this study, a combined method of importance-performance analysis (IPA) model for bus users related in travel time is
proposed by using Structural Equation Model (SEM). The results of the IPA for Metropolitan users show that the categories need
improvement are number of bus stops, number of intersections, headways, waiting times for boarding and traffic signal operations in
order. On the other hand, Non-Metropolitan uses show that the categories need improvement are traffic signal operations, waiting
times for boarding, headways, bus exclusive lanes and number of intersections that is in reverse order to Metropolitan users.
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| Goals of the Study

4
— Data Collection
Survey Satisfaction
Category Survey
2
— SEM Model Development
| Reliability Analysis |

¥

Importance Factor Analysis
(CFA : Confirmatory Factor Analysis)

¥
Importance-Performance Analysis(IPA)

¥

Conclusions and Limitations

Fig. 1. Flowchart of Study
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Fig. 2. Basic Structure in SEM
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Table 1. Exogenous Variables and Latent Variables

Service Category Evaluation Indices(Satisfaction)
BRT(Bus) Lane

Number of Bus Stop

Facility Service

Transfer Facility

Number of Intersection

Headway

Operation Servi .
peration service Traffic Signal System

Travel Speed

Waiting Time for Boarding

Additional Service .
Access Time

Transfer Time

- Travel Time
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Table 2. Reliability Analysis

o

Category Number of Items |Cronbach’s «| Reliability Index
Metropolitan 11 0.876 Cronbach’s
Non-Metropolitan 11 0.899 a>0.7
Total 1 0.892 Reliable
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Table 4. Goodness-of-Fits for the CFA(Non-Metropolitan)

Fit Index
Non-metropolitan
RMR | GFI | NFI IFI CFI |RMSEA
Facility Service | 0.003 | 1.000 | 1.000 | 1.000 | 1.000 | 0.000
Operation Service | 0.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.534
Additional Service | 0.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.510

g HTshe Zlo2A] &21F 9 QlEA(EFA: Exploratory
Factor Analysis)¥ = tj=2th

T AR SEM)S) 34 Bl AHg e Ao
Z+(absolute fit indices)oll= GFI(0.9 o]4o]™ <k%), CFI(0.9
opgeld %), NFI(0.9 opdolwd &), IFI(0.9 ool =),
RMR(0.05 ofsto]l %), RMSEA(0.08 ofso] %) 5ol
ek e vlEEde] SR1A QR thet AREE HE
3} A3} Tables 3 and 49} 2] GFI, CFI, RMR, RMSEA 3]
AYAGAS 318789 2l Qo BT 8 AFsT mYole)
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TAERAE S HF PRI (SEM) 2487 e
o] 79 GFI, NFI, CFI ko] 0.93~0.95 2|3 RMR, RMSEA
o] gke] 0.03~0.07= et} & 7Fsg moet & 4= Utk
HIFEe] Be RS 9% HE g2 23 (SEM)
B977} GFI, NFI, CFI Zke] 0.96~0.97 ~18]32 RMR, RMSEA
9] gko] 0.02~0.05 2 vEht} 8 7hsgk ol & Utk
B Aol HEA o R 53 ERIF TR ARE Y
F2A3+= Table 5} 2tk

Tables 6 and 7¢] #2239} o] HAH( AV, 24

ARj2 g J7pAE] 2] e B SRIART TS of(+)9]

A3

53 21N QQIEM(CFA) ZAut FIE T+ Ao E FAEJTE H2o)8Ate] FYARE F8E

A 712EE s WHETRe] 725 AL A9 BAE el FEFor AE T gk Q9183
2 AR7] gsirE S8 08 ARE A=wgd] Yigh g1y e 7= Regression Weights®] C.R.Zk(t,/, =+ 1.96) 0.2
QULHCFAY)] Fasity geld agledde thse] 5ot givkin 2Aas dhsel BEgte] CRAo) 1F 196
o) whe BERge] 47) o) ARE Aol TEEES]  opgoz adlHm|e] 95% AT BAHO L fol5

Aoz FA=9ick

Table 3. Goodness-of-Fits for the CFA(Metropolitan)

M i Fit Index

etropolitan e .
P! RMR | GFI | NFI | 1FI CFI | RMSEA Table 5. Goodness-of-Fits for the Final SEM

Facility Service | 0.010 | 0.997 | 0.993 | 0.998 | 0.998 | 0.028 Category RMR | GFI | NFI | IFI CFI | RMSEA
Operation Service | 0.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.497 Metropolitan | 0.034 | 0.955 | 0.935| 0.952 | 0.952 | 0.073
Additional Service | 0.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.401 Non-Metropolitan | 0.027 | 0.973 | 0.967 | 0.977 | 0.977 | 0.052
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Table 6. Standardized Regression Weights(Metropolitan)

AL

5.6 HIAEZH 0T 2AZ}
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(0.69), F7141H]1240.26) 2 -94H]20.20) 0.2 S %7}
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(0.73), 35A144(0.70), Z-8-21=2(0.65) 2 w2}290.63) =02
FQerh BAE,

Table 7. Standardized Regression Weights(Non-Metropolitan)

Standardized Standardized
Category Estimate SE CR P Category Estimate SE CR P
Travel Time Satisfaction 0.734 i i i Travel Time Satisfaction 0.689 i i i

< Facility Service

< Facility Service

Travel Time Satisfaction

« Operation Service 1.919 0.720| 3.131 | 0.002

Travel Time Satisfaction

. . 0.203 0.126| 1.983 | 0.049
<— Operation Service

Travel Time Satisfaction

.. . 2.075 0.858| 3.233 | 0.001
<— Additional Service

Travel Time Satisfaction

< Additional Service 0.262 0.115] 2.682 | 0.007

BRTLane 0.639 |- - BusLane = 0.647 |- -
< Facility Service < Facility Service

fB
Number of Bus Stop 0719 |0.096]12.1271| **+ Number of Bus Stop 0727  |0.064| 17.505 | **+
< Facility Service < Facility Service
Transfer Facility Transfer Facility

s . 0.553 0.087| 10.008 | ***
< Facility Service

e . 0.702 0.067| 17.023 | ***
< Facility Service

Number of Intersection

L . 0.660 0.078 | 11.438 | ***
< Facility Service

Number of Intersection

e . 0.633 0.065| 15.627 | ***
< Facility Service

Headway

0.692 - - -
<— Operation Service

Headway

. . 0.665 - - -
<— Operation Service

Traffic Signal System

- . 0.615 0.058| 12.238 | ***
<— Operation Service

Traffic Signal System

- . 0.798 0.057| 18.985 | ***
<— Operation Service

Travel Speed

. . 0.633 0.059| 12.575 | ***
<— Operation Service

Travel Speed

. . 0.751 0.058 | 18.137 | ***
< Operation Service

Waiting Time for Boarding

<— Additional Service 0.649 - - -

Waiting Time for Boarding

.. . 0.736 - - -
<— Additional Service 7

Access Time

seoksk
<— Additional Service 0.522 0.082) 9.778

Access Time

skskok
<— Additional Service 0.69 0.054/ 17.921

Transfer Time

skkk
<— Additional Service 0676 0.082] 12.126

Transfer Time

skskesk
<— Additional Service 0.752 0.054| 19.359

Remarks) *** : P<0.001

Operation Travel Time
Service Satisfaction

Additional J
Service

Fig. 4. Final Structural Equation Model(Metropolitan)
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Remarks) *** : P<0.001

Number of BusStop

@—) Transfer Facility
Number of Intersection

@ Bus Lane
@

Traffic Signal System

Operation Travel Time
Service 4 Satisfaction

Additional %
service

Fig. 5. Final Structural Equation Model(Non-Metropolitan)

Waiting Time for Boarding
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Table 8. Results of Importance-Performance Analysis(Metropolitan)

o

.o]

i

Table 9. Results of Importance-Performance Analysis(Non-Metropolitan)

Category Importance | Performance Category Importance | Performance
BRT Lane 0.64 3.40 Bus Lane 0.65 3.05
Facility Number of Bus Stop 0.72 3.25 Facility Number of Bus Stop 0.73 3.18
Service Transfer Facility 0.55 3.66 Service Transfer Facility 0.70 3.35
Number of Intersection 0.66 3.18 Number of Intersection 0.63 3.13
) Headway 0.69 2.99 ) Headway 0.67 3.10
Operation ™1 tHic Signal System 0.61 3.19 Operation |- tic Signal System 0.80 3.15
Service Service
Travel Speed 0.63 3.33 Travel Speed 0.75 3.24
Waiting Time for Boarding 0.65 2.92 Waiting Time for Boarding 0.74 3.07
Additional " Additional "
. Access Time 0.52 3.40 . Access Time 0.69 3.28
Service Service
Transfer Time 0.68 3.30 Transfer Time 0.75 3.18
Average 0.64 3.26 Average 0.71 3.17
raffic Signal em Transfer Time
Number of Intersection Impor‘tance T S ‘-L( \ Travel Speed
Importance r\lumber of Bus Stop Ave;a?; Waiting Time for Boarding ;_;_",-—_[’,—p Number of Bus Stop
Average Headway g _r":;:‘s“’“e - Heﬁ\_mayd—‘_(\if\ T Transfer Faciity
0.64 aiting Time for Boar |ng{:‘_.—\ _)):rnei Bus Lane ‘J_("\;(‘
‘J—(‘-" Travel Speed *_IV Access Time
Traffic Signal System A () Transfer Facility Number of Biiersection
Access Time
0.00 0.00
1.00 3.26 1.00 3.17
Performance Performance
Average Average

Fig. 6. Metropolitan IPA Results
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