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Abstract. The primary purpose of the study is to assess relative operators'
performance of mass transportation systems to facilitate a basis for government
subsidies. In the study, performance indicators are divided into two major categories:
one is the absolute performance indicator and the other is the relative performance
indicator. However, the absolute performance indicators may not be able to fiilly
satisfy the needs of government agencies because of their complexity, unfaimess and
likely subjectivism. The study employs data envelopment analysis (DEA) associated
with analytic hierarchy processes (AHP) to consistently collect the viewpoints of
government agencies, operators, users and experts. As the result, representative
relative performance indicators are built up, and their values by system are compared.
The operators' relative performance indicators can then be evaluated. Ten bus
operators are selected for the empirical study.
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1. Introduction

Global economic recession in recent years has driven the government in
Taiwan area to reevaluate its subsidy strategies mainly for public faimess and
preventing further deterioration of operation, especially on the subsidy to mass
transportation systems. Therefore, the primary purpose of the study is to assess
relative operators' performance of mass transportation systems to facilitate a basis for
building government subsidy strategies.

In the study, performance indicators are divided into two major categories:
one is the absolute performance indicator and the other is the relative performance
indicator. The former have been applied traditionally to. integrate users' views on the
levels of operators' services for the purpose of providing government agencies with
absolute performance indicators instead of predefined performance thresholds. The
study employs data envelopment analysis (DEA) associated with analytic hierarchy
process (AHP) to consistently collect the viewpoints of government agencies,
operators, users and experts. As the result, representative relative performance
indicators are built up, and their values by system are compared. The -operators'
relative performance indicators can then be evaluated.
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Ten bus operators are selected for empirical study. The resuit may be useful
for government: agencies to assess the relative performance of mass transportation
operators and to further facilitate operators with effective improvement strategies.
Afterwards, the result may be employed to assist government agencies with subsidy
allocation.

2. Framework for Building Bus Performance Indicators

The principal objective of public-owned mass transportation companies is to
maximize social welfare instead of pursuing maximal profit. Their performance
evaluation therefore emphasizes effectiveness rather than efficiency. On the other hand.
the principal objective of private-owned mass transportation companies is to maximize
profit. Therefore, they emphasize efficiency instead of effectiveness. On the basis of
the concept, it is proposed that performance evaluation for bus: systems, including
public- and private-owned companies, has to incorporate both efficiency and
effectiveness dimensions.

2.1 Performance Indicators for Bus Systems

In general, the efficiency and effectiveness are two principal performance
indicators for evaluating bus systems: ([3]-[11]) However, interpretation of the two
indicators are different. According to Fielding [3]> efficiency stands-for the degree of

resource utilization; and effectiveness stands for the number of served passengers and
community demand for the bus servicee. Mec. Crosson relates efficiency and
effectiveness to production and consumption respectively. [3] U.S. Department of

Transportation proposes that efficiency be the utilization of labor, capital and
resources and effectiveness be the levels towards accomplishing objectives. Moreover,
Dajani brings out that efficiency be the measurement of relationship between input and
output, and effectiveness be the measurement of the relationship between the degree of
passenger satisfaction and mobility of a community. In summary, efficiency indicates
Systematic management, and effectiveness attempts to imply geography or product.
Concerning the relationship between efficiency and effectiveness, Talley points out that
efficient operation has to be reached first and the objectives of effectiveness may then
be obtained., [16] Therefore, it may be appropriate to take output/input ratio, or output

per unit input, as measurement of efficiency. Input factors may include labor, capital,
number of vehicles, amount of energy consumption; and output factors may include
seat-miles, vehicle-miles, vehicle-time, number of vehicles dispatched. It is also
appropriate to take effectiveness as output utilization by a community, for example,
fare, passenger-miles and vehicle utilization.

Operational performance for mass transportation systems can be divided into two
major categories, Le. absolute and relative performance indicators, as exhibited in
Figure 1. The former is the traditional evaluation model for operators to assess
operation of various departments. Nonetheless, it does not satisfy monitors'
requirements, ie. faimess, objectivity and simplicity. On the other hand, the latter
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satisfies the requirements and may guide operators' improvement strategy. The relative
performance indicators may be used in two situations. One is for performance
comparison among peers; the other is for temporal performance comparison of a
company itself However, it should be careful that the scale fluctuation of a company
have to be small in the study period.

relative performance
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Figure 1. Conceptual Diagram of Performance for Bus Systems

2.2 Guidelines for building performance indicators

To build objective performance indicators, a set of guidelines is proposed.
1. Mandated properties of ideal performance indicators
(1) tightly correlated to the objectives of bus operation
(2) quantitative
(3) completed
(4) not repetitive
(5) data obtainable
(6) a small set of indicators
(7) temporal
2. The endogenous variables have to incorporate the three dimensions: service,
economy and efficiency.
3. To possess objectivity and all-inclusive, it is better to incorporate the
viewpoints of monitors, operators, users and experts and scholars,

2.3 Framework of Evaluation Models

As exhibited in Figure 2, quarterly (or yearly) statistical data for bus systems are
collected and used as input to efficiency and effectiveness models, which are calibrated
by AHP. Consulting monitors, operators, users, and experts and scholars, the weights
for the two models are obtained. The computed results using the collected data are
then directed to DEA (data envelopment analysis) evaluation model which may
compute relative performance measures among peers.
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Figure 2. Framework of Evaluation Models

2.4 Building Absolute Bus Performance Indicators

The hierarchy structure for evaluating performance of bus operation is exhibited

as Figures 3 and 4 based on efficiency and effectiveness. ([S]-[11])

efficiency

— unit product cost

— labor productivity——

— energy utilizztiprr——-—-l———

— veh-miles / operating cost

— no. of passengers / operating cost
— veh-miles / no. of employee

*— no. passengers / no. employee
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veh-miles / energy consumption
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perform maintenance,

Figure 3. Hierarchy Structure for Evaluating Efficiency

effectiveness
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Figure 4. Hierarchy Structure for Evaluating Effectiveness
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2.5 Building Relative Bus Performance Indicators

The relative performance indicators for bus systems are manipulated by data
envelopment analysis (DEA), which was initially proposed by Farrell in 1957 to
measure efficiency for production department using a unique output variable based on
Pareto optimality. However, DEA has got extensive attention since Chames Cooper
and Rhodes proposed multivariate DEA models in 1978. Chu and Fielding [3] applied
the DEA on mass transportation systems to evaluate their operational performance,

One of the major advantage of DEA is to measure relative performance among
peers. The DEA assumes consistent economy of scale among peers with cross-
sectional data, defines appropriate variables with selective input-output ratios, perform
mapping to coordinate space, seek for performance frontier of extreme values, connect
the frontiers to obtain the edge of optimal performance, and exhibit results by explicit
proportion with data envelopment concept.  The monitor may then be able to
understand operators' relative performance.

The major characteristics of DEA may be stated as follows:
1. It employs a single ratio to represent a decision making
unit (DMU) for input-output relationship, that the
magnitude a DMU stands for efficiency.
2. It compares relative performance of DMUs.
3. Synthesize various input-output relations without
prior weighting,
4. It takes qualitative factors into account.
5. It provides the magnitude of increment required to
reach an accessible degree of efficiency.

However, following limitation may be expected for employing DEA:
1. The collected data have to be accurate for DEA's not

taking random errors into account.
2. It assumes constant economy of scale and knear

production function.

3. Empirical Study

The data are collected from the ten bus operators in Taipei city. Two of the ten
bus operators are public-owned, i.e. Ay and Ap. The remaining are private-owned, i.e.

A3-A}g. In addition, ten members of the group decision makers (DMj-DMq),

including monitors, operators, users, and experts and scholars, are consuited to
perform pairwise comparison to determine the weights for performance indicators.
The results are shown in Table 1 and 2.
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Table 1
Order of Efficiency Indices for Operators by Ten Group Decision-Makers

Decision- Operators
makers
Al A2 A3 A4 AS A6 A7 A8 A9 Al0
DM1 10 4 8 3 7 1 5 2 9 6
DM2 10 3 8 2 7 4 5 1 9 6
DM3 10 3 6 2 8 4 5 1 Y 7
DM4 10 3 8 2 7 4 5 1 9 6
DM35 10 3 8 2 7 4 5 1 9 6
DM6 10 3 6 2 8 4 5 1 9 7
DM7 10 3 6 2 8 4 5 1 9 7
bM8 10 3 8 2 7 4 5 1 9 6
DM9 10 3 6 2 8 4 5 1 9 7
DM10 10 3 3 2 7 4 5 1 9 6
Table 2
Order of Effectiveness Indices-for Operators by Ten Group Decision-Makers
Decision- Operators
makers
Al A2 A3 A4 A5 A6 A7 A8 A9 Al

DM1 4 2 10 7 6 9 8 1 3 5
DM2 4 2 10 7 6 9 8 1 3 5
DM3 4 2 10 7 6 9 8 1 3 5
DM4 4 2 10 7 6 9 8 1 3 5
DMS5 4 2 10 7 6. 9 8 1 3 5
DM6 4 2 10 7 6 9 8 1 3 5
DM7 4 2 10 7 6 9 8 1 3 5
DM8 4 2 10 7 6 9 8 1 3 5
DM¢9 4 2 10 q 6 9 8 1 3 5

DM10 4 2 10 7 6 9 8 1 3 5

3.1 Application of AHP

Based on the aforementioned efficiency and effectiveness hierarchy structure
(Figure 3 and 4) associated with the collected data from consulting the monitors,
operators, users, and experts and scholars, the calibrated models are shown below:

efficiency index = 0.290 * unit product cost
+ 0.226 * labor productivity
+ 0.226 * vehicle utilization
+ 0.161 * energy utilization
+ 0.097 * maintenance productivity
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effectiveness index = 0.456 * product utilization
+ 0.171 * unit consumption cost
+ 0.373 * society service

3.2 Application of DEA

The weights obtained from AHP are then used to compute the two performance
indicators, efficiency and effectiveness for the ten bus companies in Taipei city. The
maximum is assumed to be 1.0 and is used to compute the two relative performance
indicators for the ten bus comparies, of which two of them are public-owned. The:
result is exhibited as Figure 5.
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Figure 5. DEA Result of The Two Relative Performance Indicators

4. Conclusions and Suggestions

Generally speaking, the study emphasizes on the concept of relative performance.
Applying AHP to synthesize viewpoints of monitors, operators, users and domain
expert and scholars, we build a set of simple, objective, extensive and representative
performance indicators in terms of efficiency and effectiveness. In combination with
DEA, the results show that the operation of private bus companies is better than public
bus companies in terms of efficiency. But in terms of effectiveness, the resuits are
slightly different since public bus companies have more resources to use than private
bus companies.

It is suggested that the absolute performance measures of the bus company with
best relative performance among peers obtained from DEA be used to guide the
improvement for the bus companies with the less efficient operation. For the same
bus company, same inference mechanism can be referred.




In the near future, mass transit systems will be established in six metropolitan
areas along the western corridor in Taiway.  With the huge investment and
professionalism, operational management and its improvement measures become
complicated. The study would provide an experience of evaluating absolute and
relative performance for prospective monitors and operators to reference.
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