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Abstract:The purpose of this paper is to present a Fuzzy Quality Function Deployment 
(FQFD) model to achieve service quality assurance prior to the implementation of service 
action. This paper examines the difference requirements among airlines, airfreight forwarders, 
and airport warehouses in Taiwan airport cargo terminal users. Then, combining experts’ 
opinions, service management requirements are developed for satisfying the observed 
difference customer needs. Although efficient cargo terminal operations are critical for 
improved performance of users, few studies have focused on cargo terminal performance. 
Therefore, a fuzzy relation matrix for linking service management requirements to customer 
needs is constructed based on cross-functional expertise. The aggregated fuzzy assessments of 
different service management requirements are also ranked to prioritize and determine their 
importance. The methodology presented here can be generalized to other airport cargo 
terminal and to improve their ground handling efficiency and to enhance their overall 
revenue.  
 
Key Words: Fuzzy quality function deployment; Fuzzy relation matrix; Airport cargo 

terminal 
 
 
1. INTRODUCTION 
 
Shippers nowadays are expected to exhibit fast, exact and safe transportation ability. The 
concepts of Just In Time (JIT) and total logistics service have been rapidly developed to meet 
customers’ needs, thus speeding up innovations in the integrated transportation service system.  
Facing change in the global economic structure, Taiwan’s industrial condition has also been 
undergoing revolutionary changes.  As a consequence, the import/export volume of air-cargo 
has rapidly increased, to the extent that the average growth rate is about 17.7% per year 
(Anonymous, 2002).  In order to keep abreast of the rapid changes in the environment and 
provide users with an integrated operation service, government and users must understand 
each other’s respective resources and needs.  At this time, how government, airport and 
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peripheral units can provide appropriate services and assure service quality have become 
important issues.  Kalakota and Robinson (1999) point out that the conformity of transport to 
sales and service policy strategy, combined with conformity to technological process, will 
meet the real needs of customers, but at the same times requires internal improvements in 
enterprises in order to maintain customer satisfaction and loyalty.  Thus, to align government 
policy with business strategy is currently very important. Through this approach, businesses 
will be able to service and retain customers (Richardson, et. al., 1980).   
 
Most of the international airfreight transportation literature only focuses on a single point of 
view.  For example, Lillie and Sparks (1993) discussed the buying behavior of airfreight 
forwarders and examined several strategies for carriers; Hamoem (1999) and Forster et al. 
(2001) found integrating the airfreight transportation system reduces operation cost, improves 
efficiency, and achieves competitive edge for carriers; and Tang and Kao (2000) and other 
scholars have looked at logistics and courier express services. The above studies focused on 
freight cargo, but research is lacking examining freight cargo ground service needs at 
international airports.  
 
Because most of the related literature has focused only on service quality and customer 
satisfaction or focused on one industry (Brandy et al., 2002; Huang, et al., 2000; Chang, et al., 
2000; Westbrook, et al., 2000; and Lee, et al., 1995), the studies undertaken do not indicate 
the major factors that affect customers’ satisfaction practically, or how to improve service 
quality under limited resources.  Research by the “International Air Transport Association 
(IATA)” indicated that an air cargo handling process average delivery time by air 
transportation is 6.3 days, suggesting significant losses in time during ground transportation 
(Blakely, 1991; Lobo & Zairi, 1999).  Therefore, the authors will analyze an international 
airfreight terminal’s users’ demands to understand the current situation of ground service.  
After the analysis, the research will suggest ways for air cargo terminals to improve and 
resolve existing problems. 
 
Quality Function Deployment (QFD) is a planning methodology for product development. 
QFD was developed in 1972 at Mitsubishi’s Kobe shipyard.  QFD can help integrate 
customer demands in service plans or product designs by expressing the relationship between 
customer requirements and core techniques.  In conventional QFD, the relationship strength 
between service management requirements and customer needs is expressed in crisp value.  
However, the assessment of the relationship strength between service management 
requirements and customer needs have always been made by decision-makers based on their 
professional knowledge, experience, and information; which in practice is often difficult to 
assess exactly.  Hence, the precision-based QFD model may not be effective and efficient.  
In addition, the relationship strength is very often assessed by linguistic values, such as “high” 
and “low”, etc.  To efficiently handle the fuzziness in human judgment and preference, the 
linguistic values characterized by triangular fuzzy numbers are used to describe the fuzzy 
relationship strength between service management requirements and customer needs.  Thus, 
a Fuzzy QFD (FQFD) model is developed.  The FQFD model can assist decision-makers to 
find the priorities of customer need attributes and service management requirements in order 
to achieve service quality assurance prior to the implementation of service action.    
 
 
2. LITERATURES REVIEW 
 
To keep up with the globalization trend, airport freight terminals should provide advanced and 
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efficient support for users, such as shorter procedural times, and make service quality 
consistent or innovative.  This is the main approach to making a profit for an airport. The 
research studies of Shiau (2001) and Forster (2001) show the most urgent demands made on 
an international airport air cargo terminals are: using the internet to make contact with others 
worldwide, (such as the Cargo Community System-CCS), specialty training, and simplified 
airport operation processes.  In the past ten years many scholars have probed how to avoid 
the usual delay and inefficiency incurred in airside, landside, and airlines operations (Hansen, 
2002; Yan, et al., 2002; Wu & Caves, 2002). Airlines that want to introduce changes usually 
incur extra capital expenditures.  Even though aforementioned researchers have presented 
solutions for solving airlines’ scheduling problems, serious obstacles remain for airlines with 
respect to ground operations.  When studying the conditions created by the high growth in 
passengers and airfreight in hub airports, researchers tend to narrow their focus to a single 
need of efficient air traffic flow management.  Also all are taking the passenger requirements 
standpoint as the discussion key point. 
 
Hamoen’s (1998) empirical study found global market integration has led to more intense 
competition, with the need to constantly innovate new cargo terminal services. These 
innovations emphasise shippers’ requirements and offer accessible, reliable, qualitative, 
time-definite, value added, and standardised services.  According to results from U.S. and 
Taiwan industry surveys on future cargo market trends reported by Schonberger et al.(1998) 
and Tang et al. (2000), to achieve precision in airport cargo terminals’ operations within an 
airport cargo terminal system, quality, timing and quantity are equally important 
considerations in ground handling operations to enhance air cargo transportation service 
quality.  Zhang (2003) used Hong Kong’s Chek Lap Kok airport as a model study for China 
and East Asia, specifically its status as an international air cargo hub.  Chek Lap Kok 
successfully integrates both combination carriers’ transport and all-cargo transport operations, 
while at the same time meeting the conditions for international air traffic rights. Forster et al. 
(2001) investigated the US cargo freight industry and highlighted the need for better 
electronic integration between senders and forwarders in order to increase efficiency.  Other 
related studies have been conducted in Taiwan, such as those of Wong and Liu (1999), Yu 
and Chang (1999), and Wong and Lee (2000), which focused on point of view of the 
passenger transport, and that of Tang and Kao (2000) which, similar to many other studies, 
looked at logistics and courier express services. 
 
 
3. TRIANGULAR FUZZY NUMBERS 
 
In this section, triangular fuzzy number, linguistic values characterized by triangular fuzzy 
numbers, and ranking of triangular fuzzy numbers used in this paper are briefly introduced.  
A fuzzy number A in ℜ  (real line) is a triangular fuzzy number if its membership function 
fA:ℜ→ [0,1] is 
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               Figure 1. Membership Function of a Triangular Fuzzy Number A= (c, a, b) 
 
with ∞<≤≤<∞− bac . The triangular fuzzy number can be denoted by A =(c, a, b) (Figure 
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1).  The parameter a gives the maximal grade of )(xf A , i.e. fA (a)=1, which is the highest 
possible value of evaluation data, c and b are the lower and upper bounds of the available area 
of the evaluation data.  They are used to reflect the fuzziness of the evaluation data.  Here, 
the triangular fuzzy numbers are utilized to denote the approximate reasoning of linguistic 
(Zadeh, 1975).  They are used to convey the subjective evaluation of decision-makers.  The 
reason for using a triangular fuzzy number is that decision-makers find it intuitively easy to 
use. For example, the linguistic value “very high” can be denoted by (0.75, 0.85, 0.95). For a 
more optimistic representation, it can be denoted by (0.75, 0.85, 1).  An exact number “a” 
can be represented by (a, a, a).  By the extension principle (Zadeh, 1965), the fuzzy 
addition ⊕  and the fuzzy real multiplication ⊗  of triangular fuzzy numbers are also 
triangular fuzzy numbers. Restated, if A1=(c1, a1, b1) and A2=(c2, a2, b2) then 

( )21212121 ,, bbaaccAA +++=⊕  and ( )1111 ,, kbkakcAk =⊗ , ℜ∈k , 0≥k . 
 
3.1 Ranking of Triangular Fuzzy Numbers 
 
In the FQFD environment, ranking the service management requirements is important and 
essential.  Many fuzzy ranking methods have been proposed (e.g., Bortolan & Degani, 1985; 
Buckley, 1984; Campos & Gonzalez, 1989; Chen, 1985; Gonzalez, 1990; Kim & Park, 1990; 
and Liou & Wang, 1992).  However, certain shortcomings of the methods have been reported 
in Bortolan and Degani (1989), Chen (1985) and Kim and Park (1990).  For ease of 
implementation and evaluating decision-maker’s attitude a useful ranking method, the graded 
mean integration representation method is presented by Chen and Hsieh (2000).  It not only 
improves some drawbacks of the existing ranking methods, but also possesses the advantages 
of easy implementation, and powerfulness in problem solving.  Hence, it will be used to rank 
the final ratings of all service management requirements.  Let ),,,( iiii bacA =  ni ,,2,1 ⋅⋅⋅= , 
be n triangular fuzzy numbers.  The graded mean integration representation P(Ai) of Ai is  

6
4

)( iii
i

bac
AP

++
= . 

 
Let )( iAP  and )( jAP be the graded mean integration representations of the triangular 

fuzzy numbers iA  and jA  respectively.  Define that  
)()(  );()(  );()( jijijijijiji APAPAAAPAPAAAPAPAA =⇔=<⇔<>⇔> .  

 
3.2 Outline of the Fuzzy Quality Function Deployment Model 
 
To efficiently identity airport cargo terminal improvement points in a fuzzy environment, a 
systematic procedure of the FQFD model is proposed. A stepwise description of the FQFD 
model can be summarized as follows: 
 
Step 1: Identify customer needs to enhance service quality. 
Step 2: Measure the importance level of each customer needs to reflect the voice of customer 

service quality requirements. 
Step 3: Measure the satisfaction level of each customer need to reflect the satisfaction status 

of customer service quality requirements. 
Step 4: Calculate the priorities of customer needs. 
Step 5: Develop service management requirements to represent the service provider’s 

responses to the customer service quality requirements. 
Step 6: Construct the central relationship matrix to link the service management requirements 
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to customer needs. 
Step 7: Determine the fuzzy relationship strength of each service management requirement 

and each customer need. 
Step 8: List the service management requirements’ ranking to identify the priority that each 

service management requirement has in order to satisfy the overall customer service 
quality requirements. 

 
3.3 Identify Customer Needs and Measure the Importance and Satisfaction Levels of 

Each Customer Need 
 
In order to identify customer needs, the importance and satisfaction ratings of each customer 
need can be obtained directly from a market survey, e.g. personal interview, focus group 
discussion, or questionnaire survey.  The importance and satisfaction ratings of the customer 
needs followed Likert-type 5-point scale, 1=very low/bad, 2=low/bad, 3=medium/fair, 
4=important/good, 5=very important/good.  For example, the customer may rate “Crises 
management capability” as very important then the scale is marked “5”. 
 
3.4 Calculate Priorities of Customer Needs 
 
Let Xiq and Yiq, ni  , ,2 ,1 ⋅⋅⋅= ; sq  , ,2 ,1 ⋅⋅⋅= , denote the importance and satisfaction level 
assigned to customer needs iA  by customer qD , respectively.  Since the priority of a 
customer need has a direct relationship with the importance level and has an inverse 
relationship with the satisfaction level, the original priority rating iw  of iA  can be obtained 
as follows: 
      )5(  iii YXw −= .    

where ∑
=

=
s
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And, the normalized priority rating iv  is 
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∑
=

= n

i
i

i
i

w

w
v                                                      (1) 

Based on equation (1), the priority of each customer need can be found. 
 
3.5 Develop Service Management Requirements 
 
Service management requirements are developed on the basis of the company’s managerial 
resources or organizational characteristics, which can be utilized to improve customers’ 
satisfaction.  These requirements can be grouped by consultation of experts or executive 
managers’ brainstorming. 
 
3.6 Construct the Central Relationship Matrix 
 
The central relationship matrix is an important element in FQFD model.  It is a fuzzy 
relation matrix for linking service management requirements to customer needs.  It can be 
constructed by combining the fuzzy relationship strength between service management 
requirements and customer needs. 
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3.7 Determine the Fuzzy Relationship Strength of Each Service Management 
Requirement and Each Customer Need 

 
Based on the central relationship matrix, each service management requirement is correlated 
individually to each of the customer need by considering the contribution level of each service 
management requirement versus each customer need.  Herein, the fuzzy relationship level 
set S = {H, M, L, N}, where H = high relationship, M = medium relationship, L = low 
relationship, N = no relationship, is used to evaluate the fuzzy relationship strength between 
service management requirements and customer needs.  These linguistic values are 
subjectively defined by H = (0.5, 0.8, 1), M = (0.2, 0.5, 0.8), L = (0, 0.2, 0.5) and N = (0, 0, 0).  
Decision-makers assign an element in S to convey the fuzzy relationship strength based on 
their wisdom, experience, professional knowledge and available information. 
 
3.8 Calculate the Priorities of Service Management Requirements 
 
Let   ,,2 ,1 ;  ,,2 ,1  ;  ,,2 ,1  ),  ,  ,(  ptmjnibacR ijtijtijtijt ⋅⋅⋅=⋅⋅⋅=⋅⋅⋅== , be the fuzzy relationship 
strength ratings of service management requirements jB  and customer needs iA , which are 
assigned by decision-makers tP .  Define  

   ( )ijpijijij RRRpM ⊕⋅⋅⋅⊕⊕⊗




= 21

1                                         (2) 

where ijM  is the average fuzzy relationship strength rating of iA and jB .  Based on the 
extension principle, ijM  is also a triangular fuzzy number, that is, let 
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then ( )ijijijij poqM    ,    ,   = . 
Define 

( ) ( ) ( )njnijijj MvMvMvM ⊗⊕⋅⋅⋅⊕⊗⊕⋅⋅⋅⊕⊗= 11                             (3) 
where iv  is the normalized priority rating of customer needs iA .  Then jM  can be 
considered as the priority rating of service management requirements jB .  Similarly, based 
on the extension principle, jM  is also a triangular fuzzy number, that is, let 
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then ( )jjjj poqM    ,    ,   = . 
 
Further, the graded mean integration representation )( jMP  of jM  can be obtained:  

6
4

  )( iji
j

poq
MP

++
=                                                    (4) 

Finally, based on ranking values, ,)(  ,  ,)(  , )( 21 mMPMPMP ⋅⋅⋅ and the definition of fuzzy 
ranking in aforesaid section, the decision-maker can determine the priorities of all service 
management requirements. 
 
 
 

Journal of the Eastern Asia Society for Transportation Studies, Vol. 6, pp. 693 - 707, 2005

698



 

4. EMPIRICAL EXAMPLE 
 
In this section, Taiwan’s Chiang Kai-Shek (CKS) international airport cargo terminal 
improvement points are used as an empirical example to demonstrate the computational 
process of the proposed FQFD model.  In Taiwan, the total amount of freight, 1487 million 
kilograms, reported in 2003, had a 19.45% annual growth rate over the past 12 years 
(Anonymous, 2004).  Furthermore, during the first ten months of 2004, the amount of 
airfreight tonnage still has 17.65% growth comparing with the same period from the previous 
year.  It is not only Taiwan’s largest international airport, but also an important airport in the 
international air transport network.  The Taiwanese government is currently working on 
raising the level and quality of service in order to make it an Asian air transport hub.  The 
cargo terminal is a complex major public-use facility serving the need of airlines, freight 
forwarders, warehouse companies, and government agencies.  Clearly, different objectives 
and service requirements are sought by each of these groups of users.  Conflicts in objectives 
and service requirements often arise in planning air cargo handling systems.  In addition, 
Han et al. (2003) and Zhang et al. (2002) found at present international airports most 
international airfreight business is conducted by combination carriers (mixed passenger and 
freight carriers, C/Cs) and integrated carriers (I/Cs).  Moreover, an assessment of the overall 
international airfreight transportation market undertaken by Forster et al. (2001) found the 
major part of international air cargo business carried out by C/Cs.  This study therefore 
focused on such companies to explore the service requirements they place on CKS airport. 
 
4.1 Questionnaire Development 
 
After summarizing this previous body of literatures review and conducting personal 
interviews with experts, senior managers of several main airlines’ cargo departments, and 
several senior managers of freight forwarders, 31 service attributes were selected for use in 
the questionnaire survey.  As a lot assessments of the overall international airfreight 
transportation market undertaken by previous studies found the major part of international air 
cargo business carried out by C/Cs.  Therefore, this research’s sampling frame comprises all 
FFs, carriers, and warehouse companies operating at CKS International Airport in 2003.  
After the first draft of the questionnaire was designed, several experts in the field were asked 
to give their views on the questionnaire content.  After receiving their comments the 
questionnaire was revised, finalised, and then sent by mail to the 100 airfreight forwarders, 6 
airport cargo warehouse companies, and 33 airlines operating at the time in Taiwan.  The 
total usable responses were 61, of which 41 had been received from air freight forwarders, 17 
from carriers(Of a total 32 airlines carriers, nine airlines’ airport cargo handling service 
activity had been handed over to China Airlines, while another two airlines’ airport cargo 
handling service activity had been handed over to Eva Airlines. Therefore, 21 airlines were 
actually carrying out freight service activities at the time of the study at CKS and the 
questionnaire was mailed to them.), and 3 from airport cargo warehouse companies. 

 
4.2 Identify Customer Needs and Measure Needs’ Importance and Satisfaction Levels 
 
A reliability test, validity test, and correlation analysis were conducted to assess whether the 
customer need dimensions were reliable and valid.  The questionnaire’s reliability was also 
tested by the most commonly used statistical coefficient, Cronbach’s α.  If its value was 
between 0.70 to 0.98, the questionnaire’s content was considered highly reliable.  All 
airfreight users’ importance and satisfaction level were well above 0.94, considered excellent 
for a satisfactory level of reliability in basic research (Nunnally, 1978; Churchill, 1991; 
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Sekaran, 1992).  The validity of the questionnaire’s construction was tested according to 
Kerlinger (1973) who proposed a part-whole correlation test.  In total, six service items’ 
correlation coefficients were smaller than 0.5, therefore were not available for this test and 
were subsequently deleted.  To help the decision-maker take the right direction for 
developing service management requirements, factor analysis was utilised to reduce the 31 
customer need attributes to a smaller set of underlying factors.  Kaiser (1958) proposed the 
standard that the eigenvalue should be larger than one.  As a consequence, three strategic 
dimensions were extracted.  In addition, principal components analysis with VARIMAX 
rotation was employed for identifying strategic dimensions.  The results are shown in Table 
1.  As can be seen, there are nine customer need attributes grouped under the two strategic 
dimensions “Efficient and quick consumer response capabilities” and delivery capability and 
fees” respectively, and seven grouped under the “Sales representative service and reliability” 
strategic dimension, making a total of 25 service attributes. 
 

Table 1. Customer Needs and Their Factor Analyses Results 
Factors Service attributes Eigenvalue Percentage variance

(accumulation) 
Crises management capability (A1) 
Commitment fulfilment (A2) 
Damage compensation service (A3) 
Electronic document exchange management capability (A4) 
Reasonable service charges (A5) 
Discounts to customers with large cargo volumes (A6)  
Communication with customers and coordinating time (A7) 
Efficiency of internal operations, service system (A8)  

Efficient and 
quick 

consumer 
response 

capabilities 

Loading and unloading/conditions upon cargo pick-up (A9)  

11.761 26.107% 
(26.107%) 

suitability and convenience of office location (A10) 
On time delivery capability (A11) 
Choices of delivery speed and cargo holding times (A12)  
Payment (A13)  
Sincerity in dealing with customers’ complaints and 
dissatisfaction (A14) 
Comprehensive service by agents (A15) 
Clear and comprehensive operational procedures (A16) 
Website (A17) 

Delivery 
capability and 

fees 

Compensation for damaged or lost goods (A18)  

4.312 24.722% 
(50.829%) 

Professional knowledge and capability (A19) 
Rapid cargo tracing capabilities (A20) 
Rapid problem solving capabilities (A21) 
Smooth overall operational procedures (A22) 
Safe Cargo holding capability (A23) 
Internet processing document management capability (A24)  

Sales 
representative 

service and 
reliability 

Consistent delivery service capability (A25) 

1.633 19.991% 
(70.820%) 

 
 
4.4 Calculate Customer Needs’ Priorities 
 
According to the aforesaid calculation procedure, customers need priorities of CKS airport 
cargo terminal can be obtained.  The results are shown in Table 2.  It is obvious that urgent 
improvement is needed in respect of the following service items: Efficiency of internal 
operations, service system (A8), Communication with customers and coordinating time (A7), 
Discounts to customers with large cargo volumes (A6), Reasonable service charges (A5), 
Choices of delivery speed and cargo holding times (A12).  
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Table 2. The Priority of Customer Needs of CKS Airport Cargo Terminal for C/Cs’ Point of View 

 

 
4.5 Develop Service Management Requirements  
 
After examining the quality of service requirements of CKS airport’s air freight section users’ 
and the operations and management resources of CKS’s air freight section, and consultation 
with government officials and academic experts, this study came up with 15 service 
management requirements to improve the quality of air freight service and raise customer 
satisfaction as follows: 

Customer 
needs Service Attributes 
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Crises management capability )( 1A  4.400 4.462 2.3692 0.0237 17

Commitment fulfillment )( 2A  3.286 4.286 2.3469 0.0235 18

Damage compensation service )( 3A  3.286 4.533 1.5333 0.0154 22

Electronic document exchange management capability )( 4A 3.333 4.429 1.9048 0.0191 20

Reasonable service charges )( 5A  4.154 4.286 2.9670 0.0297 16

Discounts to customers with large cargo volumes )( 6A   4.571 4.071 4.2449 0.0425 10

Communication with customers and coordinating time )( 7A 4.333 4.214 3.4048 0.0341 14

Efficiency of internal operations, service system )( 8A   4.400 4.714 1.2571 0.0126 25

Efficient and 
quick consumer 

response 
capabilities 

CR1 

Loading and unloading/conditions upon cargo pick-up )( 9A 4.267 4.167 3.5556 0.0356 12

Suitability and convenience of office location )( 10A  4.267 4.533 1.9911 0.0200 19

On time delivery capability )( 11A  3.400 4.467 1.8133 0.0182 21

Choices of delivery speed and cargo holding times )( 12A   3.462 4.571 1.4835 0.0149 24

Payment )( 13A   2.846 4.462 1.5325 0.0154 23
Sincerity in dealing with customers’ complaints and 
dissatisfaction )( 14A  3.200 4.000 3.2000 0.0321

15

Comprehensive service by agents )( 15A  3.133 3.133 5.8489 0.0586 5

Clear and comprehensive operational procedures )( 16A  2.733 3.733 3.4622 0.0347 13

Website )( 17A  2.533 3.000 5.0667 0.0508 8

Delivery 
capability and 

fees 
CR2 

Compensation for damaged or lost goods )( 18A   2.462 3.467 3.7744 0.0378 11

Professional knowledge and capability )( 19A  3.143 2.933 6.4952 0.0651 3

Rapid cargo tracing capabilities )( 20A  3.000 3.267 5.2000 0.0521 7

Rapid problem solving capabilities )( 21A  2.800 3.231 4.9538 0.0497 9

Smooth overall operational procedures )( 22A  2.667 3.000 5.3333 0.0535 6

Safe Cargo holding capability )( 23A  3.133 3.000 6.2667 0.0628 4

Internet processing document management capability )( 24A 4.333 3.429 6.8095 0.0683 2

Sales 
representative 

service and 
reliability 

CR3 

Consistent delivery service capability )( 25A  
6.714 3.071 12.9490 0.1298 1
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(B1) Establish an area where airline companies can await cargo, either to load or unload. 
(B2) Strengthen measures against theft, to enhance security of cargo. 
(B3) Compensation for damage should reflect the airline company’s $NT1000 per Kg. ceiling. 
(B4) Relax limitations on building coverage and floor ratio 
(B5) Anticipate anti-rain measures needed by ground crews, to protect cargo from water 

damage. 
(B6) When managing cargo packaging areas, establish a common area where mixed cargoes 

from freight stations inside and outside of the airport can be analyzed, in which needs and 
responsibilities can be clearly delineated responsibilities. 

(B7) Freight stations should enhance capacity in bonded warehouses, distribution centers and 
shipping centers in order to improve cargo handling efficiency. 

(B8) Customs, Immigration, and Quarantine (CIQ) units should coordinate the simplification 
of inspection procedures for imports and exports, and need to be on call 24 hours a day 
throughout the year. 

(B9) Re-assort the pallets and container service and decrease export / import traffic. 
(B10) Simplify paperwork procedures for the transshipment and re-export of pallets. 
(B11) Eliminate Customs impoundments except for matters connected with tax evasion and 

smuggling. 
(B12) Improve the quality of the airport’s ground access system. 
(B13) Improve level of coordination between the combination of sea and air cargo transport. 
(B14) Airport landing fees should be decreased. 
(B15) In order to reduce the difficulties of finding land to build / extend airport cargo terminals 

and rising costs faced by privately managed cargo terminal operators, area distinctions 
between exports and imports should no longer be made, and goods for export and 
import should be stored together. 

 
4.6 Calculate the Priorities of Service Management Requirements 
 
The total usable responses were 19, of which 4 had been received from government officials, 
3 from savants, 6 from carriers, and 6 from airport cargo warehouse companies. Table 2 
presents the priority of customer needs of CKS airport cargo terminal (PCNAC) and 15 
service management requirements to improve the airfreight service in airport cargo terminals 
(SMRIAC) are provided on aforesaid section derived from a qualitative questionnaire (FQFD).  
Elements in the fuzzy relationship level set S found in aforesaid section also becomes the 
researcher’s standard of evaluation for determining the fuzzy relationship strength between 
each service management requirement and each customer need.  The fuzzy relationship 
strength between “SMRIAC” and “PCNAC” questionnaire items were assessed from the 
responses of major users the airport freight terminals (including the air freight sections of 21 
airline companies and 6 storage companies), 5 government officials concerned with the 
freight station, and 4 scholars of air transport.  The total number of usable responses 
collected was 19, of which 4 were from government officials, 3 from scholars, 6 from airline 
companies, and 6 from airport cargo warehouse companies. 
 
Moving on, the materials collected were brought together and used to ascertain the 
prioritization of all 15 service management requirements.  By using equations (2), (3) and 
(4), the average fuzzy relationship strength ratings ( 15 , 2, ,1 25; , ,2 ,1 , ⋅⋅⋅=⋅⋅⋅= jiM ij ), the 
priority ratings ( 15 , 2, ,1 , ⋅⋅⋅=jM j ) and the ranking values ( 15 , 2, ,1 ),( ⋅⋅⋅=jMP j ) can then 
be obtained (e.g. =11M (0.225, 0.5, 0.775), =1M 0.0237 ⊗ (0.225, 0.5, 
0.775)⊕ 0.0235⊗ (0.25, 0.5, 0.75)⊕ ⊕⋅⋅⋅ 0.1298⊗ (0.1, 0.35, 0.65)=(0.162, 0.407, 0.676), 
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288.0)( 1 =MP ).  The results are shown in Table 4 which indicates that the C/Cs’ top five 
most important service management requirements in which the improvement of the quality of 
air freight service, service design, and customer satisfaction are essential were: (B15)In order 
to reduce the difficulties of finding land to build / extend airport cargo terminals and rising 
costs faced by privately managed cargo terminal operators, area distinctions between exports 
and imports should no longer be made, and goods for export and import should be stored 
together. (B7) Freight stations should enhance capacity in bonded warehouses, distribution 
centers and shipping centers in order to improve cargo handling efficiency. (B13) Improve 
degree of coordination between the combination of sea and air cargo transport. (B10) Simplify 
paperwork procedures for the transshipment and re-export of pallets. (B9) Re-assort the 
pallets and container service and decrease export / import traffic. 
 
 

Table 3. Service Management Requirements to Improve the Quality of Air Freight Service 
and Raise Customer Satisfaction for C/Cs’ Point of View (1) 

 
 

Table 4. Service Management Requirements to Improve the Quality of Air Freight Service 
and Raise Customer Satisfaction for C/Cs’ Point of View 

Improving the management of quality of service in airport cargo terminals’ 
service / management requirements 

Service 
attributes 

(B1) ( B2) ( B3) ( B4) ( B5) ( B6) ( B7) ( B8) ( B9) ( B10) ( B11) ( B12) ( B13) ( B14) ( B15)
Rank 8 9 11 15 7 12 2 6 5 4 10 14 3 13 1 

Improving the management of quality of service in airport cargo terminals’ 
service / management requirements 

C
us

to
m

er
 

ne
ed

s 
Se

rv
ic

e 
at

tri
bu

te
s 

(B1) ( B2) ( B3) ( B4) ( B5) 
( A1) 0.225 0.5 0.775 0.2333 0.5 0.7667 0 0.2 0.5 0 0.2 0.5 0.28 0.56 0.82
( A2) 0.25 0.5 0.75 0.3 0.575 0.825 0.35 0.65 0.9 0 0.2 0.5 0.3333 0.6 0.8333
( A3) 0.3 0.6 0.8667 0.3 0.575 0.825 0.35 0.65 0.9 0.1 0.35 0.65 0.4 0.7 0.9333
( A4) 0.2 0.5 0.8 0.25 0.5 0.75 0 0.2 0.5 0 0.2 0.5 0.35 0.65 0.9
( A5) 0.1667 0.4 0.6667 0.1 0.35 0.65 0.2333 0.5 0.7667 0 0.2 0.5 0.25 0.5 0.75
( A6)    0 0.2 0.5    0 0.2 0.5    
( A7) 0.2333 0.5 0.7667 0.1333 0.4 0.7 0.1333 0.4 0.7 0 0.2 0.5 0.2 0.5 0.8
( A8) 0.35 0.65 0.9 0.1 0.35 0.65 0.25 0.5 0.75 0.175 0.425 0.7 0.1 0.35 0.65

CR1 

( A9) 0.225 0.5 0.775 0.175 0.425 0.7 0.1 0.35 0.65 0.1667 0.4 0.6667 0.3 0.6 0.8667
( A10) 0.2333 0.5 0.7667 0.1 0.35 0.65 0 0.2 0.5 0.35 0.65 0.9 0.2 0.5 0.8
( A11) 0.3 0.575 0.825 0 0.2 0.5 0 0.2 0.5 0.1333 0.4 0.7 0.25 0.5 0.75
( A12) 0.35 0.65 0.9 0 0.2 0.5 0 0.2 0.5 0.2 0.5 0.8 0 0.2 0.5
( A13) 0 0.2 0.5 0 0.2 0.5 0.1333 0.4 0.7 0.2 0.5 0.8 0.1 0.35 0.65
( A14) 0.1 0.35 0.65 0.4 0.7 0.9333 0.2333 0.5 0.7667 0.0667 0.3 0.6 0.2333 0.5 0.7667
( A15) 0.1333 0.4 0.7 0 0.2 0.5 0.1 0.35 0.65    0.2 0.5 0.8
( A16) 0.2333 0.5 0.7667 0.2 0.5 0.8 0.1 0.35 0.65 0.0667 0.3 0.6 0 0.2 0.5
( A17) 0.1 0.35 0.65 0 0.2 0.5 0 0.2 0.5 0 0.2 0.5 0 0.2 0.5

CR2 

( A18) 0.1 0.35 0.65 0.4 0.7 0.9333 0.35 0.65 0.9    0.2333 0.5 0.7667
( A19) 0.1 0.35 0.65 0.2 0.5 0.8 0.1 0.35 0.65 0.2 0.5 0.8 0 0.2 0.5
( A20) 0.2333 0.5 0.7667 0.2333 0.5 0.7667 0.1 0.35 0.65 0 0.2 0.5 0.2 0.5 0.8
( A21) 0.0667 0.3 0.6 0.25 0.5 0.75 0.1333 0.4 0.7 0 0.2 0.5 0.2 0.5 0.8
( A22) 0.25 0.5 0.75 0.1 0.35 0.65 0.1 0.35 0.65 0.2 0.5 0.8 0.2 0.5 0.8
( A23) 0.4 0.7 0.9333 0.35 0.65 0.9 0.2333 0.5 0.7667 0 0.2 0.5 0.3333 0.6 0.8333
( A24) 0 0.2 0.5 0 0.2 0.5 0 0.2 0.5       

CR3 

( A25) 0.1 0.35 0.65 0.1 0.35 0.65 0.1 0.35 0.65 0.2 0.5 0.8 0.35 0.65 0.9
Triangular 

Fuzzy 
Numbers 

0.162 0.407 0.676 0.152 0.403 0.686 0.115 0.351 0.630 0.079 0.282 0.530 0.189 0.430 0.675

Representa- 
tion value 0.288 0.283 0.240 0.188 0.310 

Rank 8 9 11 15 7 
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By using aforementioned computational procedures, the decision-maker can easily determine 
the priorities of I/Cs’ and airfreight forwarders’ and airport’ warehouses “SMRIAC”.  
Similarly, a short description of each of the computation steps has been prepared for a 
thorough study but has been avoided here to shorten the length of this article.  The results are 
shown in Table 5 and Table 6 as follows. 
 
 

Table 5. Service Management Requirements to Improve the Quality of Air Freight Service 
and Raise Customer Satisfaction for I/Cs’ Point of View 

Improving the management of quality of service in airport cargo terminals’ 
service / management requirements 

Service 
attributes 

(B1) ( B2) ( B3) ( B4) ( B5) ( B6) ( B7) ( B8) ( B9) ( B10) ( B11) ( B12) ( B13) ( B14) ( B15)
Rank 8 10 11 15 7 12 2 5 6 4 9 13 3 14 1 

 
 

Table 6. Service Management Requirements to Improve the Quality of Air Freight Service 
and Raise Customer Satisfaction for Airfreight Forwarders’ and Airport’ Warehouses Point of 

View 
Improving the management of quality of service in airport cargo terminals’ 

service / management requirements Service 
attributes 

(B1) ( B2) ( B3) ( B4) ( B5) ( B6) ( B7) ( B8) ( B9) ( B10) ( B11) ( B12) ( B13) ( B14) ( B15)
Rank 6 7 12 15 3 11 13 4 14 1 10 2 5 9 8 

 
 
5. Conclusion 
 
In this paper, we have demonstrated a methodology for performance evaluation and service 
improvement of CKS international airport cargo terminal. The above analysis shows that the 
priorities of the different customer service requirements in airport cargo terminal; however, 
there is disagreement on which items need change. Due to the inherent differences in the 
nature of the structure of handling service operations, it is foreseeable that the airport cargo 
terminal is unable to satisfy all users’ demands simultaneously.  As a result of structural 
changes on an international scale, many countries are planning to build airport cargo terminal 
systems to accelerate the development of air freight capacities (Schwartz, 1998).  Because of 
this, the above results include the priorities service requirements for all users; however, the 
cargo terminal’ service requirements are largely determined from the major users’ objectives.  
Further, the services marketing literature emphasizes the need for service providers to have 
knowledge of the relevant dimensions for service provider selection and evaluation, as well as 
the relative importance of such dimensions (Rosen and Karwan, 1994).  Clearly, the FQFD 
model built by this study allows us to gain a better understanding of the actual needs of each 
user group which, in turn, will assist the planning of future airport cargo terminals, and 
provide a reference for improving a country’s air cargo terminal’s competitiveness. 
 
The results for the C/Cs and I/Cs priority four considerations is same, there are: (B15) In order 
to reduce the difficulties of finding land to build / extend airport cargo terminals and rising 
costs faced by privately managed cargo terminal operators, area distinctions between exports 
and imports should no longer be made, and goods for export and import should be stored 
together, (B7) Freight stations should enhance capacity in bonded warehouses, (B13) Improve 
degree of coordination between the combination of sea and air cargo transport, (B10) Simplify 
paperwork procedures for the transshipment and re-export of pallets.  For the airfreight 
forwarders and airport warehouses priority four considerations are: (B10) Simplify paperwork 
procedures for the transshipment and re-export of pallets, (B12) Improve the quality of the 
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airport’s ground access system, (B5) Anticipate anti-rain measures needed by ground crews, to 
protect cargo from water damage, (B8) Customs, Immigration, and Quarantine (CIQ) units 
should coordinate the simplification of inspection procedures for imports and exports, and 
need to be on call 24 hours a day throughout the year. 
 
On a final note, it should be emphasized that the FQFD model described in this study is 
simple, easy to apply, and very flexible.  It requires an average amount of data, which can be 
collected readily.  The requisite calculations do not necessitate knowledge of any 
sophisticated, cumbersome statistical procedures.  The information from the analysis 
diagnoses the areas that need special attention and prescribes the strategic actions.  Results 
can be easily updated with collection of additional data over time and any changes occurring 
in attribute levels can be identified.  When conducted over time, the FQFD model can 
provide early warning of the loss of market position by detecting changes in the airport cargo 
terminal’s users’ perceptions of performance.  In conclusion the model allows airport cargo 
terminal administrators to better assess their competitive standing and design appropriate 
strategies. 
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