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Evaluating the Performance of Privatization on Regional
Transit Services: Case Study
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Abstract: In this study, we propose three categories of productivity measures of changes in production, service, and consumption
following privatization of the Taiwan Motor Transport Company. The results indicate that privatization had a striking impact in terms of
total factor productivity on various productivity growths. The results also demonstrate that technical change was the most important factor
in the progress in productivity of the new owner, the Guo Gwang Bus Company, while change in efficiency or effectiveness contributed
little to this growth. However, results further suggest that the insignificant increase in efficiency and effectiveness in the newly privatized
firm may be attributed either to incorrect selection of input combinations or inappropriate returns to scale, or to both.
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Introduction

The Taiwan Motor Transportation Company �TMTC� was priva-
tized on July 1, 2001, as the first case of an employee buyout
�EBO� �Wright and Mulley 1989� in Taiwan. TMTC’s privatiza-
tion is of particular interest in several respects. First, it is espe-
cially unfortunate that few studies have focused on the effects of
privatization and regulatory changes on the public transport in-
dustry �De Borger et al. 2002�. Second, TMTC had been facing
long-term financial difficulties due mainly to its inefficiency since
1988. The most notable studies have focused on the aftereffects of
transferring ownership to the private sector, that is, whether the
privatized firm, the Guo Gwang Bus Company �GGBC�, is ca-
pable of improving this situation or is quickly driven out of the
market. Third, the economic literature that deals with employee-
owned firms has paid little attention to EBOs �Bonin and Putter-
man 1987; Bonin et al. 1993�. Hence, as an important case study,
the comparison of TMTC’s performance before and after privati-
zation offers a unique opportunity to analyze the effects on the
performance of its kind.

According to Wright and Mulley �1989�, case study interviews
with 20 of the employees who took part in the National Bus
Company �NBC� buyout, undertaken in the first year after the
TMTC buyout, found clear evidence that the breakup �of NBC�
had given the employees a great deal of freedom to introduce
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more appropriate organizational structures, purchase appropriate
fleet vehicles, reduce cost bases, and obtain fuel at a lower cost
than had been available through central purchasing. Wright et al.
�1992� indicate that most of the cost savings of the EBO appear to
have come about through productivity improvements, particularly
among nonplatform staff, and reduced pay and wages. Apart from
reducing the number of employees, there is evidence that working
practices have changed following the breakdown of national bar-
gaining, resulting in increased flexibility. In addition, a number of
publications �see for example Gomez-Ibanez and Meyer �1990�,
Mackie et al. �1995�, White �1997�, Karlaftis and McCarthy
�1999�� using a variety of data and methodologies found the re-
sults of privatization to be positive for the efficiency and produc-
tivity of bus transit systems.

A comprehensive survey of methodologies and empirical re-
sults for public transit has been presented by De Borger et al.
�2002�. The existing studies measuring urban transit performance
have also been systematically summarized and critically assessed.
However, it appears that most of their performance measurements
focused on efficiency instead of productivity �see for example
Chang and Kao �1992�, Chu and Fielding �1992�, Cowie and
Asenova �1999�, Kerstens �1999�, Nolan et al. �2002��. Here, ef-
ficiency is measured by using the services produced as outputs
and resources consumed as inputs.

A framework for transit performance concepts was presented
by Fielding �1987�, where cost efficiency, service effectiveness,
and cost effectiveness were the terms used to describe the three
dimensions of transit performance. Several studies, such as Hen-
sher and Daniels �1995� and Hooper and Hensher �1997�, applied
this framework for performance evaluation. On the other hand,
Chu and Fielding �1992� extended the DEA technique to develop
separate DEA models for relative efficiency and effectiveness.
DEA can measure effectiveness by using consumed service as the
output and produced services along with selected exogenous en-
vironmental variables as inputs. Furthermore, Chang et al. �1995�
extended the model for measuring the relative effectiveness of an
organization to become a model for measuring the change in ef-
fectiveness of an organization by merging it with the Malmquist
productivity approach, as expressed by Färe et al. �1985�. How-

ever, relative to the static concept of efficiency or effectiveness,

RBAN PLANNING AND DEVELOPMENT © ASCE / JUNE 2007 / 119

07.133:119-127.



D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

N
at

io
na

l C
hi

ao
 T

un
g 

U
ni

ve
rs

ity
 o

n 
04

/2
5/

14
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.
productivity is also regarded as a dynamic concept due to its
time-related characteristics �Coelli et al. 1998�.

Following Chang et al. �1995�, the purpose of this article is
therefore to extend further the models for measuring the cost
efficiency, service effectiveness, and cost effectiveness of TMTC
by merging them with the Malmquist productivity approach in
the DEA framework to estimate the changes of productivity
in production, service, and consumption following TMTC’S
privatization.

Privatization of Taiwan Motor Transport Company

The TMTC was set up in 1980, before which time the Taiwanese
regional transit services had been provided by the nationwide
TMTC in a monopoly. Subsequently, during the mid-90s, partial
deregulation of the public transit sector led to a major structural
change in the Taiwanese regional bus transit industry. Several
influences occurred within TMTC itself. First, public manage-
ment was exceedingly inefficient. Under the operation of TMTC’s
50 subsidiaries �stations� in 1990, there were 207 operating lines
with a total of 3,070 vehicles. The number of TMTC employees
by then was 13,000, and the number of employees per vehicle
was more than 4, approximately double the average of privately
owned local bus operators. The financial losses of the system
were enormous. Second, TMTC’s quality of service severely de-
teriorated. Its fleet, where more than half the number of vehicles
are over 10 years old, was the least maintained part of the system.
Complaints about its poor service began to increase. Part of its
operational inefficiency should be attributed to TMTC’s manage-
ment and its employees and the government and politicians’ in-
tervention in controlling the transportation industry. For example,
without government approval �usually time consuming�, TMTC
could not determine its budget for new services �such as renewing
rolling stock�. These aforementioned factors combined either to
increase the cost or reduce the productivity. Subsequently, since
TMTC’s financial crisis pushed it to the verge of bankruptcy at
the end of 2000, this served as a further impetus for accelerating
the privatization of TMTC.

The privatization has produced major structural changes in the
regional bus transit industry in Taiwan. Some of the important
changes characterizing its privatization can be summarized in two
ways. First, TMTC was fully privatized, with the aim of improv-
ing its efficiency and performance, on July 1, 2001. By transfer-
ring hundreds of vehicles, fewer than 100 operating lines,
together with all the 15 stations and depots �by lease� to some
1,100 voluntary investing employees, the resultant privately
owned enterprise became organized as GGBC. Second, under the
operations of GGBC’s 15 stations by 2002, there were 86 operat-
ing lines with a total of 804 vehicles, and the number of employ-
ees was, 1,682. Today, GGBC is a good example of the privatized
enterprise operating in a similar, partially deregulated transporta-
tion market, but almost entirely free from government restrictions
as a state-owned enterprise.

One of GGBC’s stated missions is to become a competitive
organization with a strong emphasis on productive efficiency and
effectiveness in the field of public transit. In terms of organiza-
tional reform, GGBC has introduced a more appropriate organi-
zational structure by cutting 59 operating lines, about 1,400
employees, and 700 vehicles, as compared to TMTC following
privatization. With regard to management policy, GGBC has cre-
ated a cost structure capable of competing properly in the trans-

portation market against the other low-cost independent operators
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immediately after privatization. This has resulted in a decline of
real wage rates by up to 74% and fuel costs to 90% that for
TMTC on average, respectively. By purchasing a new fleet as
well as being more flexible in the scheduling and dispatch of
vehicles and drivers to meet travel demand, hence GGBC has
raised the level of service and the resulting load factor.

Methodology

As mentioned in the previous section, the performance measure-
ment for transit firms restricts its analysis to the use of either
efficiency and effectiveness or of Fielding’s �1987� concept of
three dimensions of transit performance: cost efficiency, service
effectiveness, and cost effectiveness. The cost efficiency of a tran-
sit firm represents the manner in which the physical inputs of
labor, energy, maintenance materials, capital, and overhead are
used to produce the physical �intermediate� services such as ve-
hicle miles and frequency of service. Cost efficiency is concerned
with the supply-side relationships. Effectiveness has two essential
components: �1� service effectiveness—the relationship between
produced services �e.g., vehicle miles� and consumed �final�
services �e.g., passenger miles�; and �2� cost effectiveness—the
relationship between input and consumed �final� services �e.g.,
passenger miles or passengers�. Cost effectiveness is concerned
with the demand side of relationships �Hensher and Daniels
1995�.

According to Färe et al. �1994�, a nonparametric programming
method �activity analysis� was used to compute Malmquist pro-
ductivity indexes �MPIs�, which were decomposed into two mu-
tually exclusive and exhaustive components: changes in technical
efficiency over time �EFFCH�, and shifts in technology over time
�TECHCH�. These components lend themselves in a natural way
to the identification of catching up and the identification of inno-
vation, respectively. Furthermore, technical efficiency change was
decomposed into pure technical efficiency �PEEFCH� and scale
efficiency �SCH� components.

Following Chang et al. �1995� we further apply the above
three dimensions of transit performance to a broader extent with
productivity. More specifically, combining MPI and its compo-
nents into three dimensions—cost efficiency, service effective-
ness, and cost effectiveness—productivity can be measured in
three ways, as depicted in Table 1, which constitutes the frame-
work of the proposed performance evaluation in this study. �1�
The production productivity measure relates to cost efficiency and
is considered an input-oriented measure, that is, it measures by
how much input quantities can be proportionally reduced without
changing the output quantities produced; �2� the service produc-
tivity measure concerns service effectiveness and considered an
output-oriented measure, that is, it measures by how much output
quantities can be proportionally expanded without altering the
input quantities used; and �3� the consumption productivity mea-
sure is connected with cost effectiveness and is considered an
input-oriented measure.

Malmquist Total Factor Productivity Index

The Malmquist productivity index identifies productivity growth
with respect to two time periods through a quantitative ratio index
of distance functions �Malmquist 1953�. The original derivation
of the MPI can be found in Caves et al. �1982�, whose definition

makes use of the Shephard �1953� concept of distance function.
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Applications of these techniques include Forsund �1993�, Färe
et al. �1994�, Chang et al. �1995�, Viton �1998�, and McMullen
and Okuyama �2000�.

The basic intuition is to define an efficient production frontier,
constructed using observed data points. This frontier then stands
for efficient production given existing technology. Efficiency in
any year is measured as each firm’s �here referred to as station’s�
distance from the production frontier.

The actual calculation of the frontier is achieved using linear
programming, mainly DEA techniques introduced by Charnes
et al. �1978�. For a theoretical discussion of DEA, see Sieford and
Thrall �1990�, Lovell �1993�, Grosskopf �1993�, and Färe et al.
�1997�. DEA techniques produce Farrell �1957� efficiency mea-
sures, which are identical to the distance functions required for
the MPI �Forsund 1993�.

To derive the MPI, it is assumed that there is a production
technology St= ��xt ,yt� :xt can produce yt�, which describes all
possible sets of input-output vectors �xt denotes the input vector
and yt denotes the output vector� for each time period,
t=1, . . . ,T. The model used here imposes constant returns to scale
�CRS� technology to estimate distance functions for the calcula-
tion of the MPI, as failure to do so may result in biased produc-
tivity measurement �Coelli et al. 1998�.

The input and output distance functions at time t are defined as

Output Distance Function

dt �xt,yt� = inf��:�xt,yt/�� � St� �1�

Table 1. Relationship among Indicators, Measures, and Equations
Employed

aEnvironmental �input� variable measure.
bVehicle-km is used as for the measure of output for both production
productivity and input for service productivity.
cInput-oriented measure.
dOutput-oriented measure.
0

JOURNAL OF U

J. Urban Plann. Dev. 20
Input Distance Function

d0
t �xt,yt� = inf��:��xt,yt� � St� �2�

where � denotes output efficiency or effectiveness, and � denotes
input efficiency or effectiveness. These functions describes the
technology in that �xt ,yt� belongs to St only if d0

t �xt ,yt� or
di

t�xt ,yt� is less than or equal to one.
Caves et al. �1982� introduced the MPI, which involves time-

distance functions using information from both periods, t and
t+1:

Output Orientation

d0
t+1�xt,yt� = inf��:�xt,yt/�� � St+1� �3�

d0
t �xt+1,yt+1� = inf��:�xt+1,yt+1/�� � St� �4�

d0
t+1�xt+1,yt+1� = inf��:�xt,yt+1/�� � St+1� �5�

d0
t �xt,yt� = inf��:�xt,yt/�� � St� �6�

Input Orientation

di
t+1�xt,yt� = inf��:��xt,yt� � St+1� �7�

di
t�xt+1,yt+1� = inf��:��xt+1,yt+1� � St� �8�

di
t+1�xt+1,yt+1� = inf��:��xt,yt+1� � St+1� �9�

di
t�xt,yt� = inf��:��xt,yt� � St� �10�

The MPI can be written as the geometric mean of two mixed-
period distance functions �Färe et al. 1985�

m0�yt+1,xt+1,yt,xt� = ��d0
t �xt+1,yt+1�/d0

t �xt,yt��
� �d0

t+1�xt+1,yt+1�/d0
t �xt,yt���1/2 �11�

Following Coelli et al. �1998�, an equivalent way of writing
this index is

m0�yt+1,xt+1,yt,xt� = d0
t+1�xt+1,yt+1�/d0

t �xt,yt�

� �d0
t �xt+1,yt+1�/d0

t+1�xt+1,yt+1�

� d0
t �xt,yt�/d0

t+1�xt,yt��1/2 �12�

where the ratio outside the square brackets measures the change
in the output-oriented measure of technical efficiency or effective-
ness between periods t and t+1. The remaining part of the index
in Eq. �12� is a measure of technical change. It is the geometric
mean of the shift in technology between the two periods, evalu-
ated at xt+1 and also at xt. Thus the two terms in Eq. �12� are

Efficiency or effectiveness change �EFFCH�

= d0
t+1�xt+1,yt+1�/d0

t �xt,yt� �13�

and

Technical change �TECHCH�

= �d0
t �xt+1,yt+1�/d0

t+1�xt+1,yt+1� � d0
t �xt,yt�/d0

t+1�xt,yt��1/2

�14�

We only show as an output-oriented measure here, however,
that are input-oriented measure can be defined and used in a simi-

lar way. Following Färe et al. �1994�, and given that suitable
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panel data are available, we can calculate the required distances
using DEA-like linear programs. For each observation, the
distance functions in the Malmquist index are computed as the
solutions to a mathematical programming problem. For example,
for station k� �representing a decision making unit, DMU�

Output Orientation

d0
t �xk

t ,yk
t � = min�k� �15�

subject to

yk�,m/�k� � �
k=1

K

zk
t yk,m

t m = 1, . . . ,M ,

�
k=1

K

zk,n
t xk,n

t � xk�,n
t n = 1, . . . ,N ,

�
k=1

K

zk
t ek,p

t � ek�,p
t p = 1, . . . ,P ,

zk
t � 0 k = 1, . . . ,K , �16�

Input Orientation

di
t�xk

t ,yk
t � = min �k� �17�

subject to

yk�,m � �
k=1

K

zk
t yk,m

t m = 1, . . . ,M ,

�
k=1

K

zk
t xk

t � �k�xk�,n
t n = 1, . . . ,N ,

�
k=1

K

zk
t ek,p

t � ek�,p
t p = 1, . . . ,P ,

zk
t � 0 k = 1, . . . ,K , �18�

where xk,n
t denotes the quantity of the nth input of the kth obser-

vation in period t; yk,m
t denotes the quantity of the mth output

of the kth observation in period t; and z denotes the intensity
variable.

Furthermore, following Afriat �1972�, the assumption of CRS
may be relaxed to variable returns to scale �VRS� by adding the
following restriction:

�
k=1

k

zk
t = 1 �19�

To measure changes in scale efficiency or effectiveness, the
distance functions under the VRS technology �denoted by V� are
also calculated by adding Eq. �19� into the constraints in Eqs. �16�
and �18�. Technical change �TECHCH� is calculated relative to
the CRS technology, and scale efficiency or effectiveness change
�SCECH� in each time period is constructed as a ratio of the
distance function satisfying CRS to the distance function under
VRS, while the pure efficiency or effectiveness change

�PUEFCH� is defined as a ratio of the own-period distance func-
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tions in each period under VRS. With these two distance func-
tions with respect to VRS technology, the decomposition of Eq.
�12� becomes

m0�yt+1,xt+1,yt,xt� = �d0
t �xt+1,yt+1�/d0

t+1�xt+1,yt+1�

� d0
t �xt,yt�/d0

t+1�xt,yt��1/2

� �d0
t+1�xt+1,yt+1�V�/d0

t �xt,yt�V��

� �d0
t �xt,yt�V�/d0

t+1�xt+1,yt+1�V��

� �d0
t+1�xt+1,yt+1�/d0

t �xt,yt�� �20�

The last two terms in Eq. �20� are

Pure efficiency or effectiveness change �PUEFCH�

= �d0
t+1�xt+1,yt+1�V�/d0

t �xt,yt�V�� �21�

and

Scale efficiency or effectiveness change �SCECH�

= �d0
t �xt,yt�V�/d0

t+1�xt+1,yt+1�V�� � �d0
t+1�xt+1,yt+1�d0

t �xt,yt��

�22�

Data

Data on inputs and outputs were drawn from both TMTC and
GGBC’s annual statistical reports, and accounts and were supple-
mented by further data requested from both operators. The avail-
able data span from 1997 to 2002 only because an organizational
reform had occurred before 1997 in TMTC, so early data were not
very consistent with those of later years. The dataset is divided
into two test periods: the last four calendar years of the prepriva-
tization period, 1997–2000, and the first calendar year of
postprivatization period, 2002. Since both TMTC and GGBC
were undoubtedly undergoing a degree of “privatization turmoil,”
characterized by a fundamental shakeup, changing business or
working practices, and employees entering and leaving the firms,
the data for the year of privatization �2001� were excluded to
avoid any possible bias. In addition, no significant reforms appear
to have been taken after the year of structural changes in GGBC.
Therefore we use the TMTC station-level panel data from the
period of 1997 to 2000 and the GGBC data from the period of
2002.

The wild variability in the use of inputs and outputs in urban
transit technology specifications has been reviewed by De Borger
et al. �2002�, who indicate that this variability simply suggests
that generally there is no accepted set of relevant variables in the
bus industry. In this study, for each DMU in the sample, we
therefore use three traditional inputs to assess production and con-
sumption productivities, which are measured in physical units: the
fleet sizes �x1�, which we take to be the total number of vehicles
operated in maximum service, the drivers �x2�, and the number of
liters of fuel �x3�. And we take as the measure of output the
quantity of vehicle-kms �y1� for the measurement of production
productivity, as well as the measure of output the quantity of
passenger-kilometers �y2� for that of consumption productivity.

As for the assessment of service productivity, vehicle-
kilometers �y1� are used as the measure of input and passenger-
kilometers �y2� as the measure of output. A further series,
differences in service area population �e� of each DMU �station�,
was added to these three productivity measures as an environmen-

tal �input� variable to reflect the differences in potential demand
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impacting on transit service outputs but outside the control of
management. The intention was to prevent DMUs in remote areas
from being disadvantaged in an assessment of relative productiv-
ity over time. All these input and output data constitute the terms
xm, yn, and ep of the previous section. The relationship among
indicators, various measures, and employed equations mentioned
above is summarized in Table 1, and Table 2 summarizes the
inputs and outputs provided by the 15 stations of both companies.
These three sets of input and output indicators represent a basic
approach to performance evaluation for the study transit systems;
for each measure we show the sample maximum, minimum,
mean, and standard deviation.

It is worth noting that there are wide variations in both the
minimum and maximum samples, which is one of the reasons
why an environmental variable was added to these three produc-
tivity measures. Moreover, a preliminary examination of sum-
mary data before and after privatization reveals the organizational
and operational changes that have been instituted at TMTC and
GGBC, as well as the markets’ response to their service offers. In
terms of resources, GGBC has cut the fleet size by 15.6%, the
number of drivers by 13.6%, and the liters of fuel used by 6.6%
as compared to TMTC over the study period. Although the size of
the service area population has a slight increase of 2.3%, the
amount of desired outputs of vehicle-kilometers and passenger-
kilometers have deceased by 9.4 and 10.1%, respectively.

Results and Discussions

Our primary concern in this study is the impact of privatization on
TMTC’s performance. Instead of presenting disaggregated results
for each station and year, a series of summary descriptions of the
average productivity changes of all stations over the entire period

Table 2. Input and Output Characteristics of TMTC and GGBC

I/O Item Unit

�a� TMTC �m

Input Fleet �x1� Vehicle

Drivers �x2� Person

Fuel �x3� Liter �103�
Service area population a�e� Person �103�

Output Vehicle-kilometers �y1� Vehicle-kilometers�103�
Passenger-kilometers �y2� Passenger-kilometers�10

�b� GG

Input Fleets �x1� Vehicle

Drivers �x2� Person

Fuel �x3� Literal �103�
Service area population a�e� Person �103�

Output Vehicle-kilometers �y1� Vehicle-kilometers �103�
Passenger-kilometers �y2� Passenger-kilometers �1

�c� Per

Input Fleet �x1�
Drivers �x2�
Fuel �x3�
Service area population a�e�

Output Vehicle-kilometers �y1�
Passenger-kilometers �y2�

aEnvironmental variable measure.
�but divided into pre- and postprivatization periods for compari-
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son� were utilized. Moreover, since the Malmquist productivity
index and its components themselves are multiplicative, we can
calculate the cumulated Malmquist productivity index and its
components such as the cumulated technical change index and the
cumulated efficiency or effectiveness change index for each sta-
tion as the sequential multiplicative sums of the annual indexes.
The cumulated Malmquist indexes can give more perspective
than the average annual Malmquist indexes on the growth pattern
of productivity. It is noteworthy that, while the cumulative index
has the long-run indication, it has the indication of the short-run
change when two adjacent indexes are compared. Hence it is
appropriate to compare the performance changes of TMTC before
and after privatization. Note that if the value of the �cumulated�
Malmquist index or any of its components is less than 1, it de-
notes regression or deterioration in performance between any two
adjacent years, whereas values greater than 1 denote improve-
ments in the relevant performance.

Furthermore, in order to provide statistically robust findings
concerning the station’s productivities and performance improve-
ment before and after privatization, a Mann-Whitney statistical
test is applied �see appendix�. The significance of the Z-values is
set as one-tailed tests at the 0.05 acceptance level.

Production Productivity

Looking at the first column in the top left corner of Table 3, it is
seen that the �input-oriented� cumulative Malmquist TFP index
exhibited an average regress rate of −5.1% during the entire
1997–2000 period. As for the components of the TFP, we find
that, on average, the technical change index �TECHCH� and
efficiency change index �EFFCH� declined by −1.7 and −3.3%,
respectively. This suggests that the regression in TFP can be
attributed to both efficiency change and technical change. The

Maximum–minimum Mean Standard deviation

1997–2000�

157 20 64 43

253 20 81 63

9,247 694 2,965 2,190

4,977 245 1,434 1,175

24,527 2,000 7,635 5,688

493,855 21,533 135,550 109,911

002�

133 14 54 36

200 15 70 52

8,722 533 2,770 2,147

5,020 244 1,467 1,232

23,791 1,474 7,485 5,775

385,964 13,536 122,805 98,791

hange

−15.3 −30.0 −15.6 −16.3

−20.9 −25.0 −13.6 −17.5

−5.7 −23.2 −6.6 −2.0

0.9 −0.4 2.3 4.9

−3.0 −26.3 −2.0 1.5

−21.8 −37.1 −9.4 −10.1
ean of

3�

BC �2

03�

cent c
results of further analysis indicate that both the decrease in mean
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pure technical efficiency change �PUEFCH, −2.2%� and mean
scale efficiency change �SCECH, −1.0%� resulted in the decline
in mean efficiency. The above finding denotes that, in terms of the
cumulated TFP, production productivity had been on a downward
trend before privatization.

Turning to the results of average changes of production pro-
ductivity for the sample stations during 2000–2002 �excluding
2001� of the postprivatization period, as shown in the second
column, it is worth noting that the average TFP increased signifi-
cantly over this period: the change in the TFP was 11.1% for our
sample as a whole. On the other hand, the test of significance
before and after privatization yielded a Z-value of 4.25, which
shows a statistically significant increase in TFP �top right corner
of Table 3�.

This may suggest that, in terms of total factor productivity, the
newly privatized GGBC has made a striking improvement in pro-
duction productivity following privatization. The decomposition
of the Malmquist TFP index helps to guide the search for an

Table 3. Results of Changes in Various Productivities before and after
Privatization

Mean Test of significance

Measures Before After Statistics Before versus after

�a� Production productivity

MPI 0.949 1.111 Z-value 4.2500a

P-value 0.0002

TECHCH 0.983 1.123 Z-value 4.2900a

P-value 0.0002

EFFCH 0.967 0.991 Z-value 0.85

P-value 0.1977

PUEFCH 0.978 0.971 Z-value 0.87

P-value 0.1922

SCECH 0.99 1.021 Z-value 1.7200a

P-value 0.0427

�b� Service productivity

MPI 0.849 0.992 Z-value 3.1300a

P-value 0.0009

TECHCH 0.86 0.948 Z-value 3.0500a

P-value 0.0011

EFFCH 10.986 1.056 Z-value 1.16

P-value 0.123

PUEFCH 0.94 1.09 Z-value 2.3400a

P-value 0.0096

SCECH 1.061 0.978 Z-value 1.58

P-value 0.0571

�c� Consumption productivity

MPI 0.807 1.105 Z-value 4.2500a

P-value 0.0002

TECHCH 0.874 1.081 Z-value 4.0000a

P-value 0.0002

EFFCH 0.947 1.023 Z-value 0.97

P-value 0.166

PUEFCH 0.957 0.998 Z-value 0.31

P-value 0.3783

SCECH 0.99 1.025 Z-value 0.52

P-value 0.3015
aSignificant at 5% level of significance.
explanation for the measured productivity change. In analyzing
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the components of the MPI, we find that the mean technical score
�TECHCH� increased 12.3%, while the mean efficiency score
�EFFCH� slightly decreased 0.9%. The statistical test confirms
that the former is a significant change �a Z-value of 4.29�, while
the latter is not �a Z-value of 0.85�.

Moreover, the results of further decomposition suggest that the
slight increase in the mean scale efficiency change index
�SCECH� number �+2% � and the slight regress in the mean pure
technical efficiency change index �PUEFCH� number �−2.9% �
resulted in the slight decrease in mean efficiency change. Their
corresponding Z-values were 0.87 �PUEFCH� and 1.72 �SCECH�,
which show an insignificant increase in PUEFCH and a signifi-
cant increase in SCECH, respectively. The slight regress in pure
technical efficiency may suggest that GGBC did not really change
its working practices concerning production. However, the sig-
nificant increase in scale efficiency �SCECH� implies that GGBC
gained more appropriate returns to scale following privatization.
In contrast to TMTC’s regression trend during the preprivatization
period, a noteworthy productivity gain was achieved by GGBC,
which may suggest that privatization greatly enhanced the pro-
duction productivity of the sample stations as a whole.

Service Productivity

The �output-oriented� cumulative Malmquist TFP change index of
service productivity for the whole sample of stations from 1997 to
2000 of the preprivatization period were shown in the first col-
umn of second from the top of Table 3. The average cumulative
TFP index presented a decline rate of −15.1% during the entire
1997–2000 period for the stations as a whole. On average, that
deterioration was ascribed to a technology regression �−14.0% �
and an effectiveness decline �−1.4% �. Growth in mean scale ef-
fectiveness score �+6.1% � and decline in mean pure technical
effectiveness score �−6.0% � resulted in the deterioration in effec-
tiveness change. In terms of the cumulated TFP, the above finding
indicates that a regressive service productivity trend was already
in place before privatization.

We now turn to an analysis of changes of service productivity
for the whole sample of stations during 2000–2002 �excluding
2001� of the postprivatization period, as shown in the second
column. Although the average TFP slightly decreased �−0.8% �,
the test of significance yielded a Z-value of 3.13, which shows a
statistically significant increase in TFP. This may suggest that, in
terms of TFP, the newly privatized firm still made progress in
service productivity following privatization. As for the source of
TFP, we find that although the mean technology score was 0.948
�TECHCH� and the mean effectiveness score �EFFCH� was
1.056, the test of significance yielded Z-values were 3.05
�TECHCH� and 1.16 �EFFCH�, respectively. This confirms that
TECHCH yielded a significant increase, while EFFCH did not.
Moreover, the mean effectiveness change came from the mean
pure technical effectiveness progress �PUEFCH, 1.09� and the
mean scale effectiveness decline �SCECH, −2.2%�. These were
confirmed by a statistical test with Z-values of 2.34 �PUEFCH�
and 1.58 �SCECH�, respectively, which may imply that service
technique of GGBC clearly improved to satisfy its customers’
needs.

Consumption Productivity

Table 3 reports the average �input-oriented� cumulative Malm-
quist TFP index of consumption productivity for the sample units

over the entire 1997–2000 preprivatization period. It is seen that
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the cumulated TFP index reported, on average, a regression rate
of −19.3% during the whole 1997–2000 period. As regards the
components of the TFP, we find that the mean technology score
�TECHCH� and mean technical effectiveness score �EFFCH� de-
creased by −12.6 and −5.3%, respectively, which suggests that
the regress in TFP was attributable more to technology change
than to effectiveness change. The results of further decomposition
indicate that both the decrease in mean pure technical effective-
ness score �PUEFCH, −4.3%� and the mean scale effectiveness
score �SCECH, −1.0%� resulted in the decline in effectiveness
change. The above finding indicates that, in terms of the cumu-
lated TFP, consumption productivity had been on a downward
trend before privatization.

Turning to the results of the average changes in consumption
productivity for each station over 2000–2002 �excluding 2001� of
the postprivatization period �Table 3�, it is noteworthy that the
average TFP clearly increased over this period for the stations in
our sample: the change in the TFP was 10.5% for the stations as
a whole, and TFP had a statistically significant increase, with a
Z-value of 4.25. This may imply that, in terms of TFP, the newly
privatized firm GGBC has caused a substantial improvement in
consumption productivity following privatization. As to the com-
ponents of the TFP, it is seen that both the mean technology score
�TECHCH� and the mean technical effectiveness score �EFFCH�
increased 8.1 and 2.3%, respectively. The statistical test for tech-
nology change shows a significant increase, while the effective-
ness change was insignificant. This indicates that the productivity
growth rose mainly due to technology change rather than to ef-
fectiveness change. Furthermore, decomposing results indicates
that the near stability in effectiveness change stemmed from scale
effectiveness change �SCECH, 2.5%� and pure effectiveness
change �PUEFCH, −0.2%�. These were confirmed by statistical
tests with Z-values of 0.31 �PUEFCH� and 0.52 �SCECH�. In
contrast to TMTC’s regression tendency during the preprivatiza-
tion period, a remarkable productivity improvement was reached
by GGBC, which may imply that the impact of privatization on
the performance of the newly privatized firm was positive.

Conclusions

The purpose of this article is to use the proposed three categories
of productivity measures to empirically investigate the effects of
privatization on TMTC’s performance. Particular contributions
are �1� a description of a holistic framework for performance
measures that enables mapping of the impact of privatization on
TMTC’s performance; �2� an extension of DEA beyond its usual
cross-sectional analysis to a time-series application, which can be
tracked over time as a measure of continuous improvement; and
�3� a Malmquist decomposition to identify the impact of a shift in
technology, separated from changes in productive efficiency or
effectiveness. This paper, therefore, makes contributions in both
methodology and application.

The results obtained from this study have important implica-
tions for TMTC’s privatization. First, various productivities have
adversely increased after privatization, although the decreasing
trends of various productivities were already in place before
privatization. Among the three cases, the production productivity
had the relatively highest increase in TFP after privatization, fol-
lowed by consumption productivity, and service productivity had
the relatively least growth. Second, all three measures exhibited
statistically significant increases in TFP after privatization, and

the improvement was mostly ascribed to technology change
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rather than efficiency or effectiveness change. This appears to be
mainly because privatization had given a great deal of freedom to
the newly privatized GGBC, such as freedom from government’s
political intervention to introduce more appropriate organizational
structures, purchase advanced fleet vehicles, reduce cost bases,
and obtain fuel at lower cost than before. Third, further decom-
position shows different results among the three productivity
measures.

Since the efficiency or effectiveness score �EFFCH� is the
product of the pure technical efficiency or effectiveness score
�PUEFCH� and the scale efficiency or effectiveness score
�SCECH�, the relative sizes of those scores provide evidence as
to the source of inefficiencies or ineffectiveness. We find that
the statistical test confirms that the scale efficiency �SCECH�
improved significantly after decomposing from the production
productivity. This may suggest that the pure technical efficiency
factor has more importance than the scale factor as a source of
inefficiency among all stations following privatization. That is to
say, insignificant increase in the efficiency of GGBC may be at-
tributed either to incorrect selection of input combinations or in-
appropriate returns to scale. However, the source of insignificant
effectiveness of service productivity in this firm may be ascribed
to inappropriate returns to scale, while the source of insignificant
effectiveness of consumption productivity may come from both
aforementioned factors.

One advantage of the Malmquist methodology is that it does
not require information on input prices, only quantities. Another
is the ease with which multiple outputs can be considered a ne-
cessity in an industry such as bus service where there is a great
deal of heterogeneity in output. Finally, this nonparametric tech-
nique does not impose any behavioral assumptions, nor does it
specify any particular functional form for either the cost or pro-
duction function, or for the error terms associated with frontier
function estimation. On the other hand, the main limitation of
nonparametric techniques is that they do not make any assump-
tion regarding the stochastic properties of the data, rendering sta-
tistical confidence interval testing of the results impossible.

The remaining issue to be resolved in the future has two as-
pects. First, incorporating the service area population as an envi-
ronmental variable may not be enough, since transit performance
is thought to be sensitive to the environment in which the system
operates �Giuliano 1981�. Some other appropriate economic envi-
ronmental variables accounting for the changes in productivity
over the study period need to be identified further and thus taken
into account. Second, DEA is deterministic and so is plagued by
measurement errors in the included variables. Therefore, develop-
ing a stochastic model to describe the impact also calls for future
work.
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Appendix

The details of the Mann-Whitney test are described as follows:
The null hypothesis is that the scores of the various produc-
tivities and their components of the sample stations after privati-

RBAN PLANNING AND DEVELOPMENT © ASCE / JUNE 2007 / 125

07.133:119-127.



D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

N
at

io
na

l C
hi

ao
 T

un
g 

U
ni

ve
rs

ity
 o

n 
04

/2
5/

14
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.
zation are larger than those of the cumulated productivities and
their components of the sample stations before privatization. The
alternative hypothesis is that the scores of the various productivi-
ties and their components of the sample stations after privatiza-
tion are not larger than those of the cumulated productivities and
their components of the stations before privatization.

Z -value is calculated by

Z = u − E�u�/	V�u� �23�

where u is the lower figure between U1 and U2

U1 = n1n2�n1�n1 + 1�/2� − W1, U2 = n1n2 + �n2�n2 + 1�/2� − W2

�24�

where W1 and W2 are the rank sums of each selected sample. In
our case, each of n has the same sample size �n=15�. We can
generate a Z-value and refer to the standardized normal distribu-
tion to test the null hypothesis.

Notation

The following symbols are used in this paper:
do � output distance function;
di � input distance function;
E � expected value;
e � environmental variable;
P � probability;

mo � output-oriented Malmquist productivity index;
n � sample size;
S � production technology or feasible production set;
U � Mann-Whitney U statistic;
u � lower value of U1 and U2;
V � variable returns to scale;
V � variance;
W � rank sums of each selected sample;
x � input vector;

xk,n
t � quantity of nth input of kth observation in period t;
y � output vector;

yk,m
t � quantity of mth input of kth observation in period t;
Z � standardized normal variable;
z � intensity variable;
� � output-oriented efficiency or effectiveness; and
� � input-oriented efficiency or effectiveness.

Subscripts

k � station number;
m � output number;
n � input number;
P � number of environmental variables; and
t � time period.
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