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Abstract
An effective and fair appraisal system of airlines is extremely important for governments. The authorities must adopt such a system for various reasons, including safety management, operational surveillance, impartial public resource allotment, and so on. This study develops an effective quantitative model for appraising the operational performance and service quality (OPSQ) of airlines by using on-the-spot investigation and record review. An empirical study of four major domestic airlines in Taiwan is presented to illustrate the model operation. This appraisal process can be used to maintain airline operational and management performance at the requested level. By allowing customers a safe and high quality air transport environment, it is possible to achieve a winning situation for government, airlines and customers.
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1. Introduction
Owing to the fast economic growth, people have gained improved opportunities to enjoy national and international tours and businesses. Rapid economic growth and the deregulation of domestic commercial airline markets worldwide have driven growth in air passenger transportation. The Taiwanese domestic airline market has become a major market, with annual average growth of nearly 10% since deregulation in 1987. Competition and threats are continuously increasing as airlines attempt to acquire and retain customers. Price is not the main competitive weapon only. Customers are increasingly requesting high levels of safety and service quality. However, these requirements regarding safety management and service quality have become key success factors for airline operation and management, and this tendency will continue to increase in future. This phenomenon mainly because airlines efficiently respond to price changes by competitors (Jones and Sasser, 1995), but are relatively slow to reinforce improvements in safety level and service quality themselves. This situation suggests that the competitive advantages of airlines are based on price alone, and thus are unsustainable. In the highly competitive airline market, where all airlines have comparable fares and matching frequent flyer programs, airlines must rely for their competitive advantage on customer perceptions of safety management and service quality (Lee, 2006).

In an appraisal system, certain measurement scores of appraisal indicators (including safety management measures, dishonest report items, executable accuracy of flight schedules, matching the yearly priority measures, and so on) must be subjectively determined by the superintendence sectors of government for management and oversight. Furthermore, it is necessary to assign different weights to different appraisal categories. This is the main difference between the traditional assessment system and the appraisal system for airline operational performance and service quality (OPSQ) management. In other words, a traditional assessment system mainly concerns consumer outlook; nevertheless, it is necessary to stress the perspectives of government authority in a real appraisal system. Therefore an appraisal system requires subjectively weighting the accentuated appraisal categories, and the related appraisal indicators must be subjectively determined by the related oversight departments.

Regular appraisal can help airlines ensure normal operation and management performance, including providing high service quality, ensuring safety levels, maintaining financial health, and so on. In 2000, the Taiwanese Civil Aeronautics Administration (CAA) released a document entitled “Essentials of Appraising Operation Performance and Service Quality on National Civil Aviation Transport”. This document stated that the CAA must implement the appraisal program at two year intervals, and even organized an appraisal committee to promote this program. This study designs an effective quantitative appraisal model by using goal-achievability to formulate the appraised outcomes, and applies the technique to order preferences based on the similarity to the ideal solution (TOPSIS) principle to rank the results for the appraised airlines.
2. Reviews and Methodology

As noted above, the traditional approach to assessing airline performance depended mainly on the customer perspective but lacked an enterprise outlook and government perspective. Therefore, an integrated method that considers the demand (from customers) and supply (from enterprises and government) aspects is necessary for implementing the appraisal program. After last a good system for appraising overall airline performance needs consider in all aspects, including related appraisal departments, and all appraisal indicators (Lee and Chang, 2005).
Cooper, Gallegos, and Granof (1995) used the Delphi and internal diagnosis methods to analyze the difference between operational goals and assessment criteria for state (SOEs) and privately owned (POEs) airlines in Latin America. They identified seven categories of evaluation criteria (public goals, financial, growth, managerial systems, fleet, other means, and other constraints), which were based on the operational goals of profitability, efficiency, and financial self-sufficiency. However, no safety management items were included in that research. Feng and Wang (2000) designed a conceptual framework for producing a set of airline performance indicators. The framework included three performance categories (production efficiency, marketing efficiency, and execution efficiency) to illustrate the operational activities of related airline departments. However, it is difficult to identify the relationships among safety management, operational management, and even policy adaptability for different airlines. Chang and Yeh (2002) provided empirical support for assessing service quality in the airline industry. They applied AHP to obtain the related weights, and applied the fuzzy multiple criteria decision-making (MCDM) theory to assess the service quality of Taiwanese airlines. They sought 15 evaluation criteria, and integrated them into five objects (tangibility, reliability, responsiveness, assurance, and empathy). However, their research also depended entirely on the customer perspective. Bowen and Headley (2006) designed the airline quality rating (AQR) system as an objective method of comparing airline quality using combined multiple performance criteria. The AQR system was first announced in early 1991, and a summary of month-by-month quality ratings for U.S. airlines was displayed. Airline performance is compared using this system of weighted averages and monthly performance data is reported. The assessment criteria include on-time arrivals, involuntary denied boarding, mishandled baggage, and a combination of 12 customer complaint categories. Notably, the AQR system does not include any items dealing with safety management or financial management, representing a serious problem.

To expound the effective airline appraisal system presented in this study, all OPSQ issues are assessed based on four categories, safety management (comprising four appraisal indicators), financial health (comprising five appraisal indicators), policy adaptability (comprising five appraisal indicators), and customer service (comprising four appraisal indicators). These categories are determined by an appraisal committee. Figure 1 shows the conceptual framework for OPSQ appraisal of airlines. This airline appraisal system simultaneously considers the perspectives of government, airlines, and customers, and the service-quality indicators are included in the customer service category. The measurement scores of safety management and policy adaptability are obtained from the on-the-spot investigations by the relevant authorities, but the measurement scores for service-quality are obtained from customer questionnaire surveys. To obtain the measurement scores for each appraisal indicator, an annual (or every two years) appraisal program must be implemented to collect and record the related data. Based on the measurement results obtained from the government department, airlines, and customers, all data must be transferred into goal-achievability values to reflect the OPSQ values. Some appraisal indicators have positive values, while others have negative ones. Each appraisal indicator has its own goal-achievability value. Comparing the goal-achievability values of appraisal indicators can clearly identify each airline’s operational efforts during the appraised periods. It is also possible to analyze the defects caused by poor appraisal indicators. Finally, the total performance of weighted appraisal categories can be calculated, and the ranking order among the appraised airlines can be obtained.


This study formulates the airline appraisal system as a goal management problem that requires setting a quantitative goal-achievability value for each appraisal indicator by
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The goal-achievability method can solve the problem of positive effects being counteracted by negative effects. To obtain the ranking of the OPSQ measurement score for all the appraised airlines, the TOPSIS principle is frequently introduced. This principle was first proposed by Hwang and Yoon in 1981. The underlying logic of TOPSIS is to identify the ideal and worst solutions. The ideal solution is the one that maximizes the benefit appraisal indicators and minimizes the cost appraisal indicators, while the worst solution maximizes the cost appraisal indicators and minimizes the benefit appraisal indicators. The optimal alternative (here is airline) is that nearest the ideal solution and furthest from the worst solution. The ranking of alternatives in this compare-based TOPSIS principle is based on ‘the relative similarity to the ideal solution’, thus avoiding to consider the similarity to both the ideal and worst solutions. The ideal solution comprises all best attainable measurement scores of appraisal indicators, while the worst solution comprises all worst attainable measurement scores of appraisal indicators. The principle is processed as follows.

Step 1. Normalize the measurement score for all appraisal indicators by
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 denotes the normalized measurement score of appraisal indicator j for airline m; 
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 is the original measurement score of appraisal indicator j for airline m; M represents the number of airlines, and J is the number of appraisal indicators. The measurement scores of appraisal indicators are normalized by unifying the entry units.

Step 2. Establish the weighted matrix of the normalized measurement score of the appraisal indicators.

Assume the originally weighted matrix is 
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 denotes the weight of appraisal indicator j. The TOPSIS principle can be used to define the weighted matrix of the normalized measurement scores by
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 is the weighted matrix of the normalized measurement score of appraisal indicator j for airline m.

Step 3. Determine the ideal solution (
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Where B denotes the set of the benefit appraisal indicator, and C represents the set of the cost appraisal indicator.

Step 4. Calculate the separation measures by
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Step 5. Calculate the relative closeness (
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) between the separation measures and the ideal solution by


[image: image39.wmf](

)

,

*

-

+

-

+

=

m

m

m

m

S

S

S

C

 m = 1, 2, 3, …, M.

Where 
[image: image40.wmf]1.0

0.0

*

£

£

m

C

. When the 
[image: image41.wmf]*

m

C

 value for airline m approaches 1.0, its measurement score is closer to the ideal solution (
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Step 6. Outranking the performance order: 
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 indicates that airline a outperforms airline b after comparing the measurement scores of all appraisal indicators.

3. Empirical study

To illustrate the airline appraisal system, this study appraised the overall OPSQ of domestic airlines in Taiwan during 2005. The four major passenger airlines are Eva Air (A1), China Airlines (A2), Trans-Asia Airways (A3), and Far Eastern Air-transport (A4). For the purposes of the appraisal program, all representative appraisal indicators are classified into three dimensions (divided into four categories). Owing to the notions of appraisal system, the appraisal indicators within each appraisal category are identified, as listed in Table 1. The appraisal indicators are obtained via comprehensive investigation and consultation with the appraisal committee. All appraisal indicators involve both quantitative and qualitative assessments, and are independent of each other, this method suitable for use in comparison-based TOPSIS analysis.
	Table 1

Appraisal categories and indicators used for appraising operational and managerial performance of Taiwanese airlines

	Appraisal category
	Appraisal indicator

	C1
	Safety management
	C11
	Measures of safety management (total number of occurrences)

	
	
	C12
	Voluntarily inform events (total number of occurrences)

	
	
	C13
	Flight-safety events (total number of incidents and accidents)

	
	
	C14
	Reports of dishonesty (total number of occurrences)

	C2
	Financial health
	C21
	Current ratio (current assets/current debts)

	
	
	C22
	Debt ratio (total debts/total assets)

	
	
	C23
	Ratio of Investment (total net profits/total assets)

	
	
	C24
	Ratio of revenue/cost (total operation revenues/total operation costs)

	
	
	C25
	Supply normally financial reports

	C3
	Policy adaptability
	C31
	Accuracy of flight information provided (total number of occurrences)

	
	
	C32
	Checking of passengers’ identity certification (total number of occurrences)

	
	
	C33
	Adaptability of yearly cardinal work (total number of occurrences)

	
	
	C34
	ISO 9000 or 14000 validation (total number of occurrences)

	
	
	C35
	Other policy (total number of occurrences) 

	C4
	Customer service
	C41
	Service quality (from customers’ questionnaire surveys)

	
	
	C42
	Accuracy of flights schedule (total number of occurrences)

	
	
	C43
	Abnormal cancellation on flights (total number of occurrences)

	
	
	C44
	Coping with passengers’ complaints (total number of occurrences)


The appraisal committee comprises 26 committeemen, including 15 government aviation officials (including the Taiwanese CAA, international airports, and aviation policy departments), seven academic scholars from different research institutions and schools, and four airline managers. All appraisal committee members are asked to give weights to the appraisal categories first and then individually set the range of measurement scores for each appraisal indicator. The goal-achievability method is used to set airline OPSQ outcomes. Table 2 lists the original set range of measurement scores and the goal-achievability values for all appraisal categories and appraisal indicators in the four major Taiwanese airlines, where the average goal-achievability value of category C3 is the highest (0.7800) among the four appraisal categories. This result indicates that the policy adaptability category is the best for the four appraised airlines. Nevertheless, the goal-achievability values of the C1 category are the lowest among the four categories for the four appraised airlines, indicating that the four appraised airlines must improve their safety management.

	Table 2

The goal-achievability values of appraisal indicators for Taiwanese airlines

	Category

(Weights)
	Indicator
	Ranges of measurement score
	Goal-achievability values (GAV)

	
	
	
	A1
	A2
	A3
	A4
	Average

	C1 (0.3)
	
	
	0.5491
	0.4718
	0.4361
	0.5817
	0.5097

	
	C11
	0.0 ~ 3.0
	0.4931
	0.4940
	0.4846
	0.4935
	0.4913

	
	C12
	0.0 ~ 5.0
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	
	C13
	-3.0 ~ 0.0
	0.7033
	0.3933
	0.2600
	0.8333
	0.5475

	
	C14
	-10.0 ~ 0.0
	1.0000
	1.0000
	1.0000
	1.0000
	1.0000

	C2 (0.1)
	
	
	0.7395
	0.8019
	0.5943
	0.7211
	0.7142

	
	C21
	0.0 ~ 0.7
	0.5212
	0.7313
	0.6791
	0.9087
	0.7101

	
	C22
	0.0 ~ 0.9
	0.9275
	0.8654
	0.6656
	0.8851
	0.8359

	
	C23
	-1.0 ~ 0.0
	0.6682
	0.8180
	0.744
	0.2941
	0.4637

	
	C24
	0.0 ~ 2.0
	0.5806
	0.5946
	0.5526
	0.5178
	0.5614

	
	C25
	0.0 ~ 1.0
	1.0000
	1.0000
	1.0000
	1.0000
	1.0000

	C3 (0.2)
	
	
	0.8305
	0.7782
	0.7535
	0.7580
	0.7800

	
	C31
	-5.0 ~ 5.0
	0.7442
	0.7408
	0.7675
	0.7650
	0.7544

	
	C32
	-5.0 ~ 5.0
	1.0000
	1.0000
	1.0000
	1.0000
	1.0000

	
	C33
	-5.0 ~ 5.0
	1.0000
	0.7000
	0.9000
	0.4000
	0.7500

	
	C34
	0.0 ~ 12.0
	0.6250
	1.0000
	0.6667
	0.7917
	0.7708

	
	C35
	-8.0 ~ 8.0
	0.7833
	0.4500
	0.4333
	0.8333
	0.6250

	C4 (0.4)
	
	
	0.7620
	0.6046
	0.7134
	0.8235
	0.7259

	
	C41
	0.0 ~ 20.0
	0.7100
	0.6855
	0.7045
	0.6980
	0.6995

	
	C42
	-5.0 ~ 5.0
	0.8220
	0.7330
	0.6490
	0.8020
	0.7515

	
	C43
	-5.0 ~ 0.0
	0.5160
	0.0000
	0.5000
	0.7940
	0.4525

	
	C44
	-5.0 ~ 5.0
	1.0000
	1.0000
	1.0000
	1.0000
	1.0000

	TGAV
	
	
	0.7660 
	0.7034 
	0.6607 
	0.7696 
	0.7249 


Table 3 shows the corresponding ranking order of goal-achievability values under non-weighted situation among the four appraised airlines. The overall non-weighted ranking follows the order A4
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A3. The results listed in Table 3 may help airlines focus on their future efforts, particularly on any problem divisions. For example, the safety management, financial health, and policy adaptability divisions of airline A3, and the customer service division of airline A2, require careful attention.

To ensure careful monitoring, the appraisal committee requires adopting different weights to stress the importance of appraisal category. Table 4 lists the ranking order using TOPSIS analysis among the four appraised airlines, thus forming different weight matrices WCi (i = 1, 2, 3, 4) for solving the problem. The results provide the government with information regarding the OPSQ outcomes of each airline for different weights. Although airline A4 is dominant in terms of overall appraisal competitiveness under weighted matrices W = (0.3, 0.1, 0.2, 0.4) or W = (0.4, 0.2, 0.1, 0.3), it does not possess competitive advantages in all appraisal categories. For example, under weighted matrices W = (0.4, 0.3, 0.1, 0.2), airline A4 must improve its financial health and policy adaptability. This comparative way can also apply to other airlines. This result demonstrates the conflict between appraisal categories under different weights, and indicates that a single category alone cannot interpret the appraisal system. The results also can help airlines identify their weaknesses in operation-related areas of concern in relation to OPSQ improvement. For example, despite being the best performer, airline A4 also must exert financial improvement and improve its policy adaptability. Similarly, to improve its OPSQ to match that of the best performer, airline A1 must improve its safety management and customer service performance.

	Table 3

Ranking order of appraisal categories for Taiwanese airlines
	
	Table 4

Different ranking order with different weight compositions

	Category
	Ranking order
	
	Different weight compositions
	Ranking order

	C1
	A4
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	Overall (non-weighted)
	A4
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4. Conclusions

This study designs a quantitative appraisal model using the goal management concept to appraise airline operational and managerial performance. The conceptual framework presented in this study is more complete than the former framework which only considered service quality indicators. The appraisal indicators are divided into four categories (safety management, financial health, policy adaptability, and customer service), based on airline operational characteristics, as well as government standpoints. This paper also provides an objective and fair method, via which government can oversee the operation and management performance of airlines.

Based on empirical study, all appraised airlines can understand their strengths and weaknesses in the appraisal period, and adopt effective and timely measures for improving their performance compared to competitors. This appraised result also reveals that each appraisal indicator cannot be used alone to appraise all aspects of airline performance. Advanced analysis listed in Table 4 shows that different weight compositions indicate different direction of government policies. This study designs a good tool for use by the government in strategic management to achieve a winning situation for government, airlines and customers.
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Fig. 1. The conceptual framework for the appraisal system of airlines
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