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Relative Efficiency of Taxi Services by Data Envelopment Analysis
among Cities and Counties in Gyeonggi Province

ABSTRACT

This study analyzes the relative efficiences through satisfaction on taxi services of thirty-one cities and counties in Gyeonggi Province.
The DEA (Data Envelopment Analysis) is used to measure efficiencies on the privately owned taxies and the corporate taxies
respectively. Efficiency in the DEA is measured relative to the highest observed performance rather than against some average.
Pyeongtaek, Pocheon, Osan, Yangpyeong, and Gapyeong have the highest efficiency in the private owned taxies. And Pyeongtaek,
Pocheon, Osan, and Gapyeong have the highest one in the corporate taxies. These cities and counties have the ability to use less
resources for equal efficiency relative to others. Rank-sum test proves that there is no statistical difference in efficiency between the
privately owned taxies and the corporation owned taxies.
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7,000t 7102 B FRAIE AL Qlom] off BA]  AXEE 55 WA T olrk ofelRt AHlZe o8] Rk

Fo] ool Qar 72,3550 S<pe] BAVE RAHw It F TS vk
(Table 1). o] 5242 Z7|= 3170 A %101%1 SRAYSL Q=
2011 8¢ B7]wolA] AJRYRE “B71ER] algolE AHIZAE (7D AR Higk ol g ke A A(UER)E 2ARE
N = hETEFEE o gREEE FEHEAHE 487% 1, EARE AHl2 FRA(TER)Y »101 Zol7h YA Wi
2 7P #4aL BAH47.0%), IR A45.2%), v - 7Rl SiRlelT S, EiAAE] 2] iRl (TS S
(41.7%), DHFER=(39.7%), BIAI(35.9%) oIRlEh A v A A7Im 7t o] E89e S o R SAeEAL WS
EE 62.0%% BEasEch Bk G olg RSl v Q) BN 3848 A 5 ol AR RS =5
olfii= tsh HAl B A gl Auls A Ast] 710 Stk 584 7R TiQIEeh HQlEr R Zhzt Edle] et

Ao ofi UolgE AR olojd] Wl B FAAEe] gtk
QFIAR] 49 & Ao kS a1 Q= Ao |tl(S3AlE, 2010).
Sl S Sl Baee o) BAEEe) g 1.2 M3tim ZHE

A, Sl Zrolle] Hefska Qkdgh Aol thek 47 Table 2043 gkl o] digh Bis) & Aol
QAedAl) AN ol sttt 43P @ AR DEAS B3 71 HYo7E Holra
WAV AR Al PRI, A, SR, e, 59 9Bl d o 24 SRRl e

YALE B 4] gRoz YA PRIAEE S/ Zlo] thioln], BETEO} BAPUES e 5] Z00)
ol B Q1 W SR, BAA) e A 44 5 Me] A vnld Ao ekt

ol A AP, AF WY AP, S 2 DEAE o]§3F 81%:2] ZHlo|xe] B84 B0 =E onlg)
AR 8 Solch S ARG BT SR WRES 500000 S T B A A
e, LAY Foln, BAaFE PHaF o, AR U BEPS BAsom, 914 52009, 201002 4124

Table 1. Facts of Taxis(2011)

Total No. of No. of No. of No. of
Operating Taxis Privately Owned Taxis Corporation Owned Taxis Corporation Companies
Gyeonggido 35,778 25,304 10,474 193
Seoul 72,355 49,504 22,851 255

Table 2. Previous Researches

Field Research Contents

1. Taxi Problems and Solution (Kang, Sang Uook, 2009)
2. Study on Actual Taxi Total Quantity of each Region (Kang, Sang Uook, 2009)

Taxi Poli . . . .
ax Foliey 3. Optimal Taxi Quantity (Kim, Kyung Hwan et al., 1998)
4. Characteristics on Corporation Owned Taxis (Kim, Rak Gi et al., 2007)
Revenue 1. Simplifing Taxi Fare System (Song, Je Ryong et al., 2005)

2. Study on Taxi Revenue in Seoul (Lee, Seung Jae et al., 2001)

1. Assesment of Taxi Management and Service (Gyeonggi Research Institute, 2010)
Taxi Management | 2. Efficiency and Economy of Scale for Taxi Industry (Min, Seung Gi, 2003)
3. Improvement of Management and Service of Corporation Owned Taxi (Yoon, Joon Byung, 2009)

1. Taxi Company Management and Traffic Accident Reduction (Hong, Chang Eui, 1998)
2. Modeling on Taxi Accidents (Jang, Tae Youn, 2003)

1. DEA (Data Envelopment Analysis) Approach for Evaluating the Efficiency of Exclusive Bus Routes (Han, Jin Seok et al., 2010)
2. DEA (Data Envelopment Analysis) Approach for Evaluating the Efficiency of Exclusive Bus Routes (Han, Jin Seok et al., 2009)
Others 3. Efficiency of Airport Operation by DEA in Asia (Lee, Young Hyuk et al., 2004)

4. Efficiency of Airlines' and Cargo Divisions-Using a DEA Model Approach (Hong, Suk Jin, 2004)

5. Efficiency in the Seoul's Urban Bus Industry Using Data Envelopment Analysis (Oh, Mi Young et al., 2002)

Taxi Accident
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Taxi Monitoring Passenger Satisfaction
Drivers’Kindness, Vehicle Condition, Taxi Operation, Passenger Satisfaction based on Drivers’Kindness,
Survey Contents . . .. . . .
and TaxiFare Vehicle Condition, Taxi Operation, and Taxi Fare
Tarcet Privately Owned Taxies and Passengers Riding Taxis in Garage within Gyeonggido
g Corporation Owned Taxies in Gyeonggido (Deluxe Taxi excluded)
Survey Time 2010.9.6. ~2010.10.6 2010.9.6. ~2010.10.6
Sample Size 2,300 Corporation Owned Taxies : about 20% of Total Taxis 904 Passengers of Corporation Owned Taxies
P 3,700 Privately Owned Taxies: about 15% of Total Taxis 2,110 Passengers of Privately Owned Taxies
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Table 4. Statistics of Passenger Satisfaction and Taxi Service

o

re
oy
2
ol

Drivers’ Vehicle Taxi Taxi Passenger
Kindness Condition Operation Fare Satisfaction
Mean 68.18 73.59 91.51 96.61 74.82
i Min. 57.48 54.76 83.43 80.28 61.97
Cities
Max. 83.14 79.88 98.39 100.0 83.94
Std. Dev. 7.14 5.50 4.05 3.74 5.51
Mean 4441 73.33 93.94 92.63 69.71
Privately . Min. 37.41 69.49 88.11 89.82 64.65
. Counties
Owned Taxies Max. 50.93 78.17 97.22 97.68 76.03
Std. Dev. 4.82 353 348 3.05 421
Mean 65.11 73.55 91.83 96.09 74.16
Min. 3741 54.76 83.43 80.28 61.97
Total
Max. 83.14 79.88 98.39 100.0 83.94
Std. Dev. 10.71 5.38 4.13 3.96 5.72
Mean 69.02 73.24 91.32 96.32 73.88
Min. 57.17 57.51 82.34 82.76 64.55
Cities
Max. 83.13 80.43 98.10 100.0 81.75
Std. Dev. 7.17 5.25 3.95 3.89 5.26
Mean 49.38 70.15 93.09 90.21 61.83
Corporation ) Min. 42.75 66.60 88.42 84.69 55.16
. Counties
Owned Taxies Max. 55.99 74.67 96.53 94.33 75.54
Std. Dev. 4.73 3.11 3.04 3.48 8.07
Mean 66.49 72.84 91.55 95.53 72.32
Min. 42.75 57.51 82.34 82.76 55.16
Total
Max. 83.13 80.43 98.10 100.0 81.75
Std. Dev. 9.70 5.21 3.95 442 7.11
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Table 5. Input and Output Variables

Variable
nput Drivers’K.indness,' Vehiclé Condition,
Taxi Operation, Taxi Fare
Output Satisfaction
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Table 6. Efficiency of Privately Owned Taxies
DMU g:g?iﬁ:; Pu;ig;(::lz;cal Scale Efficiency Return to Scale Reference
1 Suwon 0.785 0.937 0.838 IRS 6,22,29
2 Seongnam 0.939 0.948 0.990 IRS 10,12,22,23
3 Goyang 0.961 0.988 0.973 DRS 22,23
4 Bucheon 0.808 0.896 0.901 IRS 12,22
5 Yongin 0.944 0.947 0.997 IRS 22,2330
6 Ansan 0.912 1.000 0.912 IRS 6
7 Anyang 0.844 0.942 0.897 IRS 6,22,29
8 Namyangju 0.904 0.942 0.960 IRS 10,12,22,23
9 Uijeongbu 0.703 0911 0.771 IRS 10,12,22,23
10 Pyeongtack 1.000 1.000 1.000 CRS 10
11 Siheung 0.887 0.977 0.908 IRS 6,22,23
12 Hwaseong 0.874 1.000 0.874 IRS 12
13 Gwangmyeong 0.808 0.919 0.879 IRS 6,22,29
14 Paju 0.868 0.896 0.969 IRS 10,12,22,23
15 Gunpo 0.875 0.940 0.931 IRS 6,22,29,30
16 Gwangju 0.945 0.980 0.964 IRS 6,23,29,30
17 Gimpo 0.869 0.946 0.918 IRS 6,22,29,30
18 Icheon 0.807 0.960 0.841 IRS 6,22,29,30
19 Guri 0.896 0.976 0.918 IRS 6,22,23
20 Yangju 0.880 0.919 0.957 IRS 6,10,22,23,30
21 Anseong 0.844 0.949 0.889 IRS 6,22,23
22 Pocheon 1.000 1.000 1.000 CRS 22
23 Osan 1.000 1.000 1.000 CRS 23
24 Hanam 0.959 0.986 0.973 DRS 22,23
25 Uiwang 0.967 0.989 0.979 IRS 22,2330
26 Dongducheon 0.897 0.934 0.961 IRS 10,12,22,23
27 Gwacheon 0.968 0.973 0.996 IRS 22,2330
28 Yangpyeong 1.000 1.000 1.000 CRS 28
29 Yeoju 0.841 1.000 0.841 IRS 29
30 Gapyeong 1.000 1.000 1.000 CRS 30
31 Yeoncheon 0.916 0.982 0.933 IRS 22,28
Mean 0.900 0.962 0.934
Min. 0.703 0.896 0.771
Max. 1.000 1.000 1.000
Std. Dev. 0.073 0.033 0.059
Note : CRS means Constant Return of Scale
DRS means Decreasing Return of Scale
IRS means Increasing Return of Scale
ges ojnjgi), TEo s =AM BRY Avjelth
Table 72 317} =Ale] E87d5% W2 0.9000.2 °F 0.1 BCCE#S o83}l 7Ieagis o7 leasiy fus
5 10% A= 284 7§ AL SleE HolFn, Bagks SR e 3k F 4 =)o) HlasAde] &3t 7
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Table 7. Classification of Cites by Technical Efficiency
DMU

Below A .
clow Average AnSeong, Dongducheon, Yeoju

Suwon, Bucheon, Anyang, Uijeongbu, Siheung, Hwaseong, Gwangmyeong , Paju, Gunpo, Gimpo, Icheon, Guri, Yangju,

Above Average

Seongnam, Goyang, Yongin, Ansan, Namyangju, Gwangju, Hanam, Uiwang, Gwacheon, Yeoncheon

Efficient Cities

Pyeongtack, Pocheon, Osan, Yangpyeong, Gapyeong

Table 8. Cities by Return of Scale

Return of Scale DMU
CRS Pyeongtaek, Pocheon, Osan, Yangpyeong , Gapyeong
DRS Goyang, Hanam
RS Suwon, Seongnam, Bucheon, Yongin, Ansan, Anyang, Namyangju, Uijeongbu, Siheung, Hwaseong, Gwangmyeong, Paju,
Gunpo, Gwangju, Gimpo, Icheon, Guri, Yangju, Anseong, Uiwang, Dongducheon, Gwacheon, Yeoju, Yeoncheon
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Table 9. Efficiency of Corporation Owned Taxis

DMU gfgzzf;l] Pu;?g:i(:::cl;cal Scale Efficiency Return to Scale Reference
1 Suwon 0.815 0.921 0.884 IRS 6,22,29
2 Seongnam 0.959 0.965 0.994 IRS 10,12,22,23
3 Goyang 0.953 0.956 0.996 DRS 22,23
4 Bucheon 0.832 0.898 0.926 IRS 12,22
5 Yongin 0.973 0.974 0.999 DRS 22,23,30
6 Ansan 0.969 1.000 0.969 IRS 6
7 Anyang 0.891 0.929 0.959 IRS 6,22,29
8 Namyangju 0.946 0.966 0.980 IRS 10,12,22,23
9 Uijeongbu 0.799 0.910 0.878 IRS 10,12,22,23
10 Pyeongtaek 1.000 1.000 1.000 CRS 10
11 Siheung 0.909 0.979 0.928 IRS 6,22,23
12 Hwaseong 0.816 0.970 0.841 IRS 12
13 Gwangmyeong 0.803 0.919 0.874 IRS 6,22,29
14 Paju 0.911 0.915 0.996 IRS 10,12,22,23
15 Gunpo 0.916 0.943 0.971 IRS 6,22,29,30
16 Gwangju 0.964 0.970 0.993 IRS 6,23,29,30
17 Gimpo 0.871 0.933 0.934 IRS 6,22,29,30
18 Icheon 0.802 0.986 0.814 IRS 6,22,29,30
19 Guri 0.919 0.949 0.969 IRS 6,22,23
20 Yangju 0.962 0.967 0.995 IRS 6,10,22,23,30
21 Anseong 0.787 0.922 0.854 IRS 6,22,23
22 Pocheon 1.000 1.000 1.000 CRS 22
23 Osan 1.000 1.000 1.000 CRS 23
24 Hanam 0.995 1.000 0.995 DRS 22,23
25 Uiwang 0.838 0.900 0.931 IRS 22,23,30
26 Dongducheon 0.944 0.946 0.998 DRS 10,12,22,23
27 Gwacheon 0.945 0.951 0.993 IRS 22,23,30
28 Yangpyeong 0.790 1.000 0.790 IRS 28
29 Yeoju 0.755 0.975 0.775 IRS 29
30 Gapyeong 1.000 1.000 1.000 CRS 30
31 Yeoncheon 0.827 1.000 0.827 IRS 22,28
Mean 0.900 0.960 0.938
Min. 0.755 0.898 0.775
Max. 1.000 1.000 1.000
Std. Dev. 0.077 0.033 0.070

Note : CRS means Constant Return of Scale
DRS means Decreasing Return of Scale
IRS means Increasing Return of Scale
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Table 10. Classification of Cites by Technical Efficiency

DMU
Suwon, Bucheon, Anyang, Uijeongbu, Hwaseong,
Gwangmyeong, Gimpo, Icheon, Uiwang,
AnSeong, Yangpyeong, Yeoju, Yeoncheon

Below Average

Seongnam, Goyang, Yongin, Ansan, Namyangju,
Siheung, Paju, Gunpo, Gwangju, Hanam,
Dongducheon, Gwacheon, Guri, Yangju

Above Average

Efficient Cities Pyeongtaek, Pocheon, Osan, Gapyeong
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Table 11. Cities by Return of Scale

Return of Scale DMU
CRS Pyeongtaek, Pocheon, Osan, Gapyeong
DRS Goyang, Yongin, Hanam, Dongducheon

Suwon, Seongnam, Bucheon, Ansan, Anyang,
Namyangju, Uijeongbu, Siheung, Hwaseong,
IRS Gwangmyeong, Paju, Gunpo, Gwangju, Gimpo,
Icheon, Guri, Yangju, Anseong, Uiwang,
Gwacheon, Yangpyeong, Yeoju, Yeoncheon
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Table 12. Technical Statistics

No. of data | Mean | Std. Dev. Min. Max.
Efficiency 62 0.900 0.075 0.703 1.000
DMU 62 1.5 0.504 1 2

Table 13. Mann-Whitney Test

No. of Data | Average Rank Rank-Sum
Privately
1 1.52 .
Owned Taxis 3 313 977.0
Corporation
Owned Taxis 31 31.48 976.0
Total 62
Table 14. Test Statistics
Statistics

Mann-Whitney U 480.0
Wilcoxon W 976.0
V4 -0.007
Sig. Probability 0.994
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