Hindawi

Discrete Dynamics in Nature and Society
Volume 2022, Article ID 5945908, 18 pages
https://doi.org/10.1155/2022/5945908

Research Article

@ Hindawi

An Optimization Design Method of Express Delivery Service
Based on Quantitative Kano Model and Fuzzy QFD Model

Hongmei Shan (,' Xinmeng Fan,' Siyu Long,” Xuejing Yang,' and Shuhan Yang’

'Department of Logistics Management College of Modern Posts, Xi’an University of Posts and Telecommunications,
Xi’an 710061, Shaanxi, China

2Shaanxi Coal Chemical Materials Storage and Transportation Co. LTD, Xi’an 710061, Shaanxi, China
*Department of Statistics Faculty of Science, University of British Columbia, Vancouver, BC V6T IR6, Canada

Correspondence should be addressed to Hongmei Shan; shmxiyou@163.com
Received 3 September 2021; Revised 5 January 2022; Accepted 6 January 2022; Published 30 January 2022
Academic Editor: Manuel De la Sen

Copyright © 2022 Hongmei Shan et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Service quality is the soul of express enterprises forever. It is of great practical significance for winning customer satisfaction,
improving the market competition, and realizing sustainable performance. Unlike tangible products, express delivery service has
the characteristics of intangibility, heterogeneity, indivisibility, and instability. While customer demands are complex and
changeable and unpredictable, incorporating complex customer requirements into service design has been a growing interest of
researchers and practitioners. This paper proposed an optimization design framework based on the quantitative Kano (QKNO)
and the fuzzy quality function deployment (FQFD) to effectively achieve the best matching of enterprise service elements under
the uncertainty and imprecise judgment information. An empirical study is conducted to verify the feasibility of the proposed
approach. The results show that the framework could guide the express company to prioritize the enterprise service elements to
maximize customer satisfaction and provide a reasonable budget allocation scheme to set the best resources match. It has
theoretical and practical meaning for express enterprises to implement customization service strategy and improve service quality
under the limited budget, which could be further extended to other service industries to make optimization decisions.

1. Introduction

In the network economy era, the booming of online
shopping blew out the prosperity of the express logistics
industry (Subramanian et al.) [1]. Express delivery service
has become a bridge and link between businesses and
consumers. It is one of the essential competitive means for
all enterprises to win higher customer’s satisfaction (Dos-
pinescu et al.) [2]. Especially in the particular period of the
epidemic, the community delivery service of daily necessities
is fast and convenient for the public to refrain from going
outdoors as much as possible, such as going to markets or
crowded restaurants. Compared with the product, express
delivery service is perishable, changeable, indivisible, and
intangible, while customer consumption behaviour is
complex and changeable (Shan et al.) [3]. It is tricky for
express service providers to continuously optimize the

express service to effectively realize the best matching of
customer demands and service elements in fuzzy language
judgment information and increase the service quality level
and enhance market competitiveness. It has significant
theoretical and practical meaning to study how to accurately
identify the relationship of customer satisfaction (CS) and
different customer requirements and build a customer-
driven service optimization design method for the express
company.

Quality function deployment (QFD) is a customer-
oriented product/service innovation technique with exten-
sive support in various fields of quality management and
product/service innovation. It is a systematic method which
effectively converts customer requirements (CRs, called
customer demands, customer attributes, customer needs) to
service elements (SEs, called designing characteristics,
technical indicator) with operational processes of product/
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service design in an orderly and reasonable manner (Vinodh
et al.) [4]. Huo and Hong [5] pointed out that, in the design
process of product service system, QFD can be used to
realize the integration of customer requirements. It is mainly
based on the combination of “customer voice” and product
or service design and can be applied to improve service
quality. For example, in service-oriented manufacturing,
QFD can be applied to realize the design of product/service
system based on customer experience. Fargnoli and Sakao
[6] analysed the application of QFD in different fields based
on case studies. Among them, in the product/service system
(PSS) field, the service and product integration method
based on QFD extends the traditional QFD. Haber and
Fargnoli [7] proposed a new method to capture customer
requirements based on the realization of the PSS function. It
provides a practical answer to the demand for maximizing
customer information by combining the quality function
deployment for the product service systems (QFD for PSS)
method with Thurstone’s law of comparative judgments
(LCJ). In the transformation process, correctly ranking the
weight of CRs is a crucial and essential process because it
subsequently has a significant impact on the target value of
SEs setting. However, the procedure in QFD does not offer
details on how to prioritize the CRs and get the ultimate
results. Therefore, unremitting efforts must be made to
correctly obtain the final importance rating of CRs/SEs to
realize customer-oriented product development, especially
in intangible express delivery service areas. A large number
of relative literatures considered the importance rating of
CRs. For example, Millen and Maggard [8] obtained the
weight of SEs by analytic hierarchy process (AHP) and then
determined the key optimization indicators of express
service in the using of QFD. However, an expert’s judgment
(or perception) on the relevant weight of CRs is essentially
inaccurate and uncertain, which reduces the objectivity and
rationale of decision-making results. Zadeh [9], from the
Department of Electrical Engineering of the University of
California, Berkeley, set the Fuzzy Set Theory that has been
widely applied in various fields to solve the fuzzy language
evaluation information and uncertain issues. Khoo and Ho
[10] proposed a fuzzy quality function deployment (Fuzzy
QFD, FQFD) to address linguistic variables’ ambiguity and
multiplicity of meaning. Chan et al. [11] and Vanegas and
Labib [12] rated the importance of CRs, which combines the
fuzzy triangular numbers and entropy theory with QFD to
consider the uncertain related with the mapping of cus-
tomer’s perception. Lan et al. [13] proposed a customer
satisfaction evaluation model of manufacturing-driven lo-
gistics service based on Fuzzy Analytic Hierarchy Process
(FAHP) and introduced the triangular fuzzy number into
the FAHP method to determine the weight. Haber et al. [14]
proposed translating CRs into PSS functionalities. Specifi-
cally, the quality function deployment for product service
systems (QFD for PSS) method extends through the Kano
model, which filters CRs effectively. In addition, based on the
effectiveness of QFD for PSS, the fuzziness problem in PSS is
reduced well through its integration with the FAHP method.

By the analysis above, the FQFD framework can de-
termine the importance of CRs/SEs and achieve the
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transformation from CRs to SEs. However, customer
preferences are varied and changeable, and the different
types of CRs contribute to customer satisfaction (CS). In this
case, it is not easy to ultimately reflect the relationship
between CRs and CS, since meeting a certain CR does not
represent a high level of customer satisfaction. Inspired by
Fredrick Herzberg’s Motivator-Hygiene Theory (Berger
et al.) [15], the Kano model was proposed by Japanese
quality management expert Kano et al. [16]. The Kano model
believed that a two-dimensional model should be taken to
acknowledge the quality of customer’s subjective percep-
tions and objective performance of product/service, then to
obtain the nonlinear relationship between customer satis-
faction and product/service performance (Witell and
Lo“fgren [17]; Chen and Su [18]). This model is undoubtedly
of great value to grasp CRs and carry out scientific service
decision-making. Based on this, Matzler et al. [19, 20]
addressed the combination of the Kano model and QFD to
make the product match customers’ expectations. Hsuan
and Chang [21] and Chun and Chuen [22] presented a
robust design method associated with Kano’s model with
QFD to identify customer expectations and obtain the op-
timal combination of product design.

In summary, a few types of research on combinations of
QFD and Kano models are used to research tangible product
design. However, the procedure in QFD does not offer
details on how to prioritize the CRs. There are some sig-
nificant “research gaps” on the fuzziness of classification of
CRs and inaccuracy identification of the relationship be-
tween CRs and CS in the process of QFD. Meanwhile, none
of the studies provide robust guidance for customer-ori-
ented product innovation and service optimization of ex-
press service enterprises to bring about higher customer
satisfaction by integrating various functions. In the era of a
competitive network economy, express companies have
deeply realized the strategic significance of service optimi-
zation design guided by maximizing customer satisfaction,
just like the case in other product/service industries. With
this question in mind, some related descriptions tracked by
this work team are provided in the following section. The
literature review concludes that there is no framework for
express company to effectively achieve the matching of CRs
and SEs for maximizing the CS because of a lack of suitable
methods for determining relative importance ratings of CRs
and SEs in uncertainty and incomplete perceptions
information.

In a different perspective, this paper aims to target the
following issues. (1) In the optimum design of express
service, how does the enterprise determine the priority of
SEs to maximum the CS? And how does the enterprise
allocate the budget reasonably under the limited constraints?
(2) How to avoid the subjectivity of CRs’ classification and
establish the fitting relationship between CRs and CS ac-
curately? (3) How to solve the randomness and ambiguity of
experts’ semantic evaluation in determining the importance
of CRs? This study proposed an optimization decision
framework for express service based on integrated quanti-
tative Kano (QKANO) with a fuzzy QFD (FQFD) model to
settle the above target problems. Compared with the
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previous researches, the merits of this study are as follows:
(1) an optimization decision model of express service is built
under the limited cost constraints; (2) the S-CR fitting
functions based on the QKANO model is established to
reflect the relationship of different type of CRs and CS; (3)
the fuzzy triangle number is introduced into the QFD
process to obtain the importance of CRs and to avoid the
randomness and ambiguity of experts” semantic evaluation.
This framework can effectively direct the express company to
match the customer demands and the service elements and
provide a powerful decision support approach for service
planning and product optimization design.

The structure of this paper is as follows. The first section
introduces the background. The second section provides a
literature review. The third section proposes an optimum
methodology for express delivery service, mainly including
the evaluation method of CS based on QKANO, establishing
of FQFD method for determining the importance of CRs/
SEs, and the construction of express service optimization
decision-making model. The fourth section presents a case
study to demonstrate the approach’s feasibility. Lastly,
management inspiration and research significance are
remarked in the fifth section.

2. Literature Review

2.1. Kano Model and Its Application in Express Service.
The Kano model is a classification and prioritization tool for
customer needs, invented by Kano et al. [16]. It identifies and
classifies the different customer needs by recognizing the
nonlinear relationship between a product’s performance and
customer satisfaction, which provides the decision-making
basis for the enterprise to improve the service quality. Then,
it is widely used in various fields to analyse customer de-
mand and manage the product/service quality. However,
with only a few related articles in the express service realm,
Huiskonen and Prittila [23] used the traditional Kano model
to classify the logistics service elements and strategically
planned for strengthening logistics service according to the
classification results. Yoshimitsu et al. [24] combined the
ideas of the Kano model with prospect theory and proposed
a quantified evaluation method of customer satisfaction
based on the service expectation information of users. Kim
and Riew [25] put forward a quality improvement strategy
for Korea’s Express Mail Service (EMS) by using the tra-
ditional Kano and improvement Gap model to classify and
prioritize the service quality attributes. To address the de-
ficiencies of traditional Kano, Meng et al. [26] proposed a
QKNO method to improve service quality in express service
only by building the quantitative satisfaction index and
importance index. Qingliang et al. [27] further adopted the
Kano model to make a dynamic prediction of express service
quality attributes at four time points in 2008, 2010, 2012, and
2013 in China based on GM (1,1) and Markov Chain Model.
This study provided testimony for the existence of substi-
tution life cycles of service quality property. Li and Meng
[28] also identified the key elements affecting customer
satisfaction based on the moderated regression analysis to
improve the defects of the traditional Kano model.

From the above analysis, it can be seen that only several
papers discuss the improvement of express service quality
with the traditional Kano method. Moreover, some scholars
advanced the traditional Kano from different perspectives,
such as prospect theory and the Gap model. However, these
studies failed to define the fitting relationship between CRs
attribute and CS value.

2.2. QFD and Its Application in Express Service. Quality
function deployment (QFD), a perfect systematic design
methodology of product/service driven by customer de-
mand, was first put forward by Akao [29]. It maps the CRs to
SEs and subsequently into parts characteristics, process
plans, and production requirements by establishing a house
of quality (HOQ), Figure 1.

In Figure 1, the importance of customer requirement
(CR) is measured by the weight of each requirement. The
correlation matrix of service element (SE) refers to the
correlation strength among service elements. The relation-
ship matrix (CR-SE) indicates the relationship between
specific customer requirement and service element.

Stuart and Stephen [30] introduced QFD into service
design since it came into being. Millen and Maggard [8] used
QFD to realize the transformation of CRs into SEs of express
enterprise resources, obtained service elements’ weight by
analytic hierarchy process (AHP), and then determined the
key optimization indicators of express service. However, it
ignores the subjectivity and arbitrariness of experts’ judg-
ment information when evaluating the importance of CRs
and SEs, which will reduce the objectivity of decision-
making results. For the uncertainty of experts’ opinions in
group decision-making, Xiao et al. [31] proposed a con-
sensus-based FMEA method to deduce the orderly classi-
fication of potential fault modes and convey preferences.
Based on the model-driven maximum consensus optimi-
zation and the minimum adjustment consensus model, both
driven by social trust, Zhang et al. [32] proposed an in-
teractive consensus reaching process to maximize the
consensus level among decision-makers under assumptions.
Zhang et al. [33] proposed an optimization model based on a
consistency-driven method for confidence assessment of
individual semantics in comparative language expression
preference relationships (CLEPRs) to obtain a collective
consensus solution.

To solve the inaccuracy and arbitrariness of evaluation
information, Vanegas and Labib [12] studied the target
values of relevant design parameters, established a Fuzzy
QFD model, and showed the feasibility of a novel approach
in car door design. Piyanee and Pisal [34] proposed a Fuzzy
QFD approach for managing supply chain operations KPIs.
Eleonora and Rizzi [35] extended the application of QFD in
logistics services and established an FQFD model to obtain
the optimal strategic actions by cost/benefit analysis. Con-
sidering the customer satisfaction and resources finitude,
Wang et al. [36] studied a multiobjective integer pro-
gramming model based on FQFD to determine the optimal
logistics service portfolio. Lin and Pekkarinen [37] proposed
a multilevel modular express service design including
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FIGure 1: Basic composition of HOQ.

service, process, and activity modules based on HOQ and
modularization theory. To identify the customer preferences
and achieve higher customer satisfaction, Tan and Theresia
[38] proposed an integrated model including SERVQUL,
Kano, and QFD to assess customer satisfaction to guide the
improvement of service quality attributes. Baki et al. [39]
also used this combination approach for a well-known cargo
company in Turkey, specifically defined the strengths and
weaknesses of logistics services by SERVQUAL, categorized
service quality attributes based on the Kano model, and then
transformed the relevant result information into the QFD
model. Nahm [40] studied a new framework to prioritize the
CRs importance in the QFD process by combining the
competitive benchmarking analysis with Kano’s analysis.
Furthermore, Nahm et al. [41] further improved the ap-
proach to prioritizing CRs in the QFD by developing the
customer preference rating (CPR) and customer satisfaction
rating (CSR) methods. The CSR method was integrated with
Kano’s model to capture the different impacts of CRs on
customer satisfaction based on the competitive bench-
marking analysis. Because of the typical imprecision or
uncertainty of customer’s judgment, Hsuan and Chang [21]
further present a fuzzy nonlinear model to determine the
performance level of each design requirement for maxi-
mizing customer satisfaction by the combination of the
Kano model and QFD.

All in all, with the wide application and continuous
promotion of QFD in services fields, the Kano model and
fuzzy theory are, respectively, introduced to the crucial step of
QFD in logistics service. However, none of the literature
makes great efforts to solve the research gaps. One is the
fuzziness of classification of CRs and inaccuracy identification
of the relationship of CRs and CS in the traditional Kano
model; the other is subjectivity and randomness of expert
evaluation information in the application of QFD. Mean-
while, there is also no literature to provide robust guidance for
customer-oriented product innovation and service optimi-
zation of express logistics enterprises to bring about higher
customer satisfaction by integrating various functions.
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3. Methodology

3.1. Research Framework. This study set up an optimal
framework based on QKNO and FQFD to address these
research gaps of express service making-decision. The
method overcomes the imprecise and arbitrariness of the
traditional Kano model in customer demand classification
and inaccuracy identification of the relationship of CRs and
CS. Moreover, it eliminates the subjectivity and ambiguity of
expert evaluation information in the QFD process. The
QKANO model is integrated into FQFD to realize the
transformation from the weight of express service demand
to the weight of express service elements and effectively
make the optimization decision of express service. At the
same time, it helps express enterprises maximize customer
satisfaction under cost constraints.

The specific framework is shown in Figure 2. The first
step is to establish the objective function of the optimization
model, which includes the classification of CRs based on the
QKANO method and the determination of fitting functions
between CS and various CRs. This step could calculate the
CS value by achievement of the individual category CR. The
second step is the construction of FQFD to obtain the service
elements (SEs) importance of express enterprises. It mainly
realizes the transformation and matching of express CRs to
SEs, including determining CRs importance, building a
relationship matrix between CRs and express firm’s SEs, and
constructing the autocorrelation matrix of SEs. The results
aim to establish constraints of the proposed optimization
model. The third step is constructing an optimization model
for express service based on the results of the above steps.
Under budget and technical constraints, a mixed nonlinear
programming model is established to maximize customer
satisfaction. Finally, A practical case study is also conducted
to demonstrate the feasibility of express service’s proposed
optimization approach.

3.2. Construction of QKANO Model for Express Service

3.2.1. Classification of Customer Requirements. In order to
accurately meet the personalized customer demands, this
study starts with establishing an express service optimi-
zation design group, whose members are composed of a
project team member, enterprise manager, and frontline
employees and experts from universities in different basins.
According to the customer interview, the most concerned
set of customer requirement CR = (CR;,CR,,...CR;) is
obtained after deliberations by design group; CR; repre-
sents the i-th express service demand in CR,
i=(1,2,---m). The customer survey is conducted to
classify the various CR through a Kano questionnaire. The
designed Kano questionnaire includes two forms of
questions in positive and negative. The positive questions
are the customers’ service feeling when these demands are
met, and the negative questions are the experience when
the customer requirements are not satisfied. The level of
service experiences from customer can be divided into five
levels, including “Like,” “Must-be,” “Neutral,” “Live with,”
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FIGURE 2: The framework of optimization design of express service based on QKANO and FQFD.

and “dislike.” According to the positive and negative
questions corresponding to each service element provided
by the express company, the respondents will get 25
combinations. Each set of answers forms a classification
table. The Kano classification assessment table is shown in
Table 1, in which “A” represents attractive demand. “O”
stands for one-dimension demand, “M” represents the
must-be type demand, “I” indicates indifference demand,
“R” is reverse demand, and “Q” means the questionable
demand.

After collecting questionnaires, SPS$23.0 and Excel2019
statistical software are used to process customer evaluation
information. According to the classification criteria of the
Kano model, the customer demand type with the highest
frequency is selected as the final CR category.

3.2.2. Construction of a Customer Satisfaction Fitting
Function. Berger [15] proposed the Better-Worse coefficient
to measure the “price-performance ratio” of customer de-
mands. Different customers have different expectations for
service elements provided by enterprises. The values of
customer satisfaction (CS) and customer dissatisfaction (DS)
reflect the CS degree obtained by meeting or not meeting
particular CRs. In this paper, the Better-Worse coefficient is
calculated based on the selected frequency of CRs from the
KANO questionnaire. The specific calculations are shown in
formula (1):

Set CS; as customer satisfaction for CR;, DS; as customer
dissatisfaction for CR;; then

_ fatf
CSi_fA+fo+fJ(:1+f1)

_ fotfu
R P o

(1)

In formula (1), i indicates the order of service demand
elements in the Kano questionnaire, f, represents the
frequency of attractive demand, f, represents the frequency
of one-dimension demand, f,, represents the frequency of
must-be demand, and f; represents the frequency of in-
different demand.

According to the study results of the Kano model by Fan
and Zhao [42], for different types of CR, customer satis-
faction curve trend is different, which means different types
of functions S; = af (y;) + b to fit curves between CS and
CRs (S-CR) for express delivery services. This paper es-
tablishes the fitting function curves of attractive demand,
must-be demand, and one-dimension demand, as shown in
Figure 3. The coordinate system is established with the
Better-Worse coefficient (CS, DS) as the vertical axis and the
achievement degree (y;) of customer demand as the hori-
zontal axis. The CS point of a CR, (1, CS;) in the S-CR curve
of Figure 3, is the CS level when the CR is fully achieved. The
DS point of a CR, (0, DS;) on the coordinate axis, is the DS
level when the CR is fully dissatisfied. Two characteristic
points could be brought into the fitting function
(S; = af (y;) + b) to be fitted by category. Then, the specific
functional expressions between the realization degrees of
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TaBLE 1: Kano evaluation table.
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Figure 3: The function curve of customer satisfaction and CR achievement.

each CR category and CS degrees are obtained. S; represents
CS for CR;, and y, represents the achievement degree of CR;;
the range of y; is 0 to 1. The curve parameters for different
types of CR are notated as a and b. The corresponding
formulas are as follows from (2) to (4).

First, the fitting function of the one-dimension demand
S-CR curve is S = a, ¥ + b;, which is a linear function, and
the curve parameters are a, and b;:

a, =CS; + DS;,b, = DS,. (2)

Second, the fitting function of the attractive demand
S-CR curve is S = a,e” + b,, which is an exponential func-
tion, and the curve parameters are a, and b,:

(CS, + DS,)
LT e
(3)
. _ ~(CS;—eDS)
27 (e-1)

Third, the fitting function of the must-be demand S-CR
curve is § = —aze”” + b;, which is also an exponential dis-
tribution function, and the curve parameters are a, and b;:

_e(CS, - DS))
BT e
(4)
. _ (€CSi~Ds))
T (e-1)

Based on the analysis above, three types of Kano S-CR
fitting functions are as follows:

The fitting function of one-dimension (O) demands is
shown as follows:

S; = (CS; - DS;)y; + DS,. (5)

The fitting function of attractive (A) demands is shown
as follows:

_(CS;~DS;)e"  CS, DS,
- e—1 '

S (6)

i e—1

The fitting function of must-be (M) demands is shown as
follows:

_e(CS;=Ds)e”" eCS; - Ds,
e—-1 '

S. (7)

! e—1

3.3. Construction of FQFD Model for Express Service. The
tuzzy theory supports decision-making processes based on
imprecise and uncertain information. This theory empha-
sizes human thinking, reasoning, and cognition to things
around. Its concepts are quite vague and inaccurate, so fuzzy
logical concepts must be used to describe things in real life,
to make up for the shortcomings of traditional sets that
describe things by two-valued logic (Wang et al.) [43].
Zadeh, an expert in cybernetics in the United States,
addressed the “membership function” to describe the
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intermediate transition of phenomenon differences, basi-
cally defining the fuzzy number as

A ={|(x,uz(x))|x € X},uX:X — [0,1],x — uz(x).
(8)

In formula (8), X represents a universe set; A indicates a
fuzzy set on X; and u; (x) represents the membership degree
of element x to A. x equal to 1 indicates the element
completely belongs to the set, and x equal to 0 indicates the
element is outside the range of fuzzy set. u- (x) is regarded as
a set of triangular fuzzy numbers, denoted as
uy (x) = (m,1,r). The function expression uy (x) is shown in
formula (9). The figure of triangular fuzzy number is shown
in Figure 4, which indicates the membership functions of x
in different positions.

us (x) = (m, L, 7) :<max{tT’°}’%’ min{%’ 1}> (9)

t=(0,1---T).

In this section, the triangle fuzzy number is introduced
to obtain the importance of key decision elements accu-
rately. The steps of designed FQFD method are specified as
follows:

(1) Determine the set of customer demand (CR) set and
its weight (W). A service design team are set up, and
a set of demands CR = (CR;,CR,,...CR;) is de-
termined on the basis of customer interviews, where
CR; represents the i-th express service demand,
i=(1,2,---m). The expert E; (k=1, 2, p) evaluates
the importance of customer demands within five-tier
scale semantic evaluation variables, which are very
unimportant (VL), unimportant (L), medium (M),

u (x)

0 1 m r X

FIGURE 4: Triangular ambiguity.

important (H), and very important (VH). According
to the triangular fuzzy formula (9), when T'=4, the
triangular fuzzy comments corresponding to each
semantics scale level will be VL = (0, 0, 0.25), L= (0,
0.25, 0.5), M =(0.25, 0.5, 0.75), VH = (0.5, 0.75, 1),
and VH =(0.75, 1, 1). The experts’ weight vectors are
indicated as WE = (WE,,WE,,---WE,), where
WE, represents the weight value given by k-th ex-
pert, and 0SWE; <1, Y ,WE, = 1. Suppose the
fuzzy matrix of the evaluation of expert E to cus-
tomer demands is A= [G] pxm> Where
ay; = (@, ay,a;;); ay represents the semantics
evaluation information of the k-th expert to the
number of i demands. Therefore, the fuzzy weight
vector of customer demands @; = (@, W,, - W,,) is
produced by the combination of weight value by
experts, where @, = (@}, @;, ;) , and formula (10)
is as follows:

[ [ [
0, =(w;,w;,w;) = <Z WEwy, Y WEw, Y, WEkwii>,i =(1,2,---m). (10)

k=1 k=1

To obtain the relative weight of CRs w;,
w; = (w,w,---w,,), the inverse fuzzy algorithm of
fuzzy number is used to defuzzify the fuzzy weight of
customer demand. Formula (11) is as follows:
1 2, .3
w;:(wi +41;)i +wi). (11)

The absolute weight of CR is calculated by nor-
malizing the weight of customer demand, shown as
follows:
/
w:
wi = m ! . (12)
X w;

(2) Determine the set of express service element (SE).
The full set SE = (SE;, SE,, ... SE;), which is asso-
ciated with all CRy, is obtained by the investigation of

k=1

service design team in actual enterprise, where SE;
represents the j-th express service -element,
j: (1,2’;1)

(3) Determine the relationship matrix between CRs and

express SEs. Based on the design ideas from QFD, the
service design team takes a three-level semantic scale
to describe the relationship between CRs and SEs,
namely, weak (O), medium (<), and strong (@).
According to formula (9), let T'=2; the triangle fuzzy
comments corresponding to each semantic scale
level are 0= (0, 0,0.5), <> =(0,0.5,1), and ¢ =(0.5, 1,
1). The fuzzy matrix of relation between CRs and
express SEs is R = [, ilmxw Where r;; represents the
correlational degree between the customer require-
ment (CR;) and service elerllents (SE ]-). To simplify
the calculation, the matrix R = [7;;],,, is deblurred
to obtain the de-fuzzified matrix R = [r;;],n



(4) Determine the autocorrelation matrix Y of express
SEs. Combine the self-correlation semantic infor-
mation of the express delivery SEs, that is, very low
(VL), low (L), medium (M), high (H), and very high
(VH). According to formula (9), let T=4; the tri-
angular fuzzy comments corresponding to each
medium scale level are VL = (0, 0, 0.25), L =(0, 0.25,
0.5), M=(0.25, 0.5, 0.75), VH=(0.5, 0.75, 1), and
VH =(0.75, 1, 1). The autocorrelation fuzzy matrix of
relation of SEs is Y = [¥ iklnxm Where y . represents
the correlational degree between the SE ; and the SE,.
To simplify the calculation, the matrix Y = [ ], is
deblurred to obtain the deblurred matrix
Y= [yjk]nxn'

(5) Determine the weight (V) of express delivery SEs. In
this step of QFD model, the weight of express SEs is
determined by the weight of CRs (w), the rela-
tionship matrix of customer demand, express service
elements R = [r;],,,,, and the autocorrelation ma-
trix of express SEs Y = [y, The relationship
matrix between CRs and SEs in the house of quality
(HOQ) is standardized to combine with the auto-
correlation matrix of the express SEs (Chen and
Weng) [44]. The standardization formula is as

follows:
TR XY,
Zf)rm _ nZk_ln ik kj ,i= 1,2,“‘WI,]= 1,2) "
Dt 2kt Rij ¥ Y g
(13)

If the importance vector of express service CRs is
w; = (W, w, --w,,), then the weight of express SEs is
v; = (v, vy, -+ v), where YL v; = 1. The weight of express
service element formula is as follows:

n
vi=Zwi*rij. (14)

3.4. Construction of Optimization Decision Model Based on the
QKNO and FQFD. The objective of the optimization deci-
sion model is to obtain maximum CS under limited re-
sources. The S-CR relationship functions between CRs and
CS levels are established based on the above analysis. The CS
of each CR (s;) can be calculated by formula (16). The total
CSisrecordedas S(y,, ¥, - .. ¥,,), representing the weighted
sum of CS of each CR.

S()’l))’2"‘)’m)=zwi5i- (15)
i=1
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In formula (15), w; is the weighted vector of each CR,
w; = (wl,w2~--wm)T, 0O<w,; <1, and

(S; = (CS; - DS;)y; + DS;

CS; - DS;)e’ ~ CS; — eDS;
i ! e—1

5=

[
Il
A

e—1
(16)

_e(CS; =DS)e™”"  eCS; - D;
N e-1

S;
L e—1

w;tw, +---+w, =1

The constraint of the optimization decision model is the
budget funds of SEs to be optimized. The cost index (b;) of
each SE can be obtained from the actual investigation of
express enterprises. b; is the cost for express enterprise to
improve a certain SE to meet CRs. Let the total cost of SEs be
B. Since all SEs are discrete, it is necessary to add a binary
random variable x ik (Jietal. [45]). The value of x ik 1 either 0
or 1. It is recorded as 1 when the service element (SE]-) is
selected to meet the customer requirement (CR;) and 0
when not selected. For each service element (SE]-), there is a
set of selectable discrete values obtained by the brain-
storming of the expert team. Each set has a satisfaction level
dy;. Therefore, x; is equal to the fulfilment level of the selected

7

SE; value. Let x; be the fulfilment level of express service

elements, as follows:
P
.x] :kzxjkdk] (17)
=1

Then, the discrete SE values are mapped to customer
requirement achievement levels to establish the mathe-
matical programming model. The optimization decision
model of express service is built by the combination of the
objective function and its constraints as follows:

m
MAX Y ws;. (18)
i-1
[ S; = (CS; - DS;)y; + DS,
o _ (C8;=Ds)e" Cs, —eDs,
s;=1 7 e—1 e—1 > (19)
o _e(C8;=DS)e” _eCs; - DS,
i e—1 e—1

w;twy +--tw, =1

This is subject to
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P
X] = Z xjkdk]-. (20)
k=1
P
Yoxp=1. (21)
k=1
Y bx;<B. (22)
j=1

yi=ZRijxj,i= 1,2,---m. (23)

=1
0<x;<Lj=12--n (24)
xj € (0,1). (25)

In the above optimization modelling, formula (18) in-
dicates that service optimal design aims to maximize cus-
tomer satisfaction. Formula (20) illustrates the
standardization of the discrete SE; formula (21) represents
the constraint that only one service element can be selected
for discrete SE value. Formula (22) shows that the total cost
of the optimal design cannot exceed the budget; formula (23)
illustrates that the SE fulfillment level is converted into the
achievement level of CR; formula (24) indicates that the
range of x; is 0 to 1, and formula (25) indicates that xj is a
binary variable. The optimized design model of express
delivery service was established as a nonlinear programming
model, which can be solved by using Lingo 16.0 software.
The final decision scheme of express service elements can be
determined.

4. Case Study

In order to verify the feasibility of proposed optimization
model, a branch of SF express in Xi’an is selected as the case
study sample. It is convenient to investigate and acquire data
as our school-enterprise cooperation unit. Xi'an SF is a
third-party logistics enterprise serving medium and high
customers. The company has always adhered to the purpose
of “Service First, Customer First,” constantly improving
service and product structure. In order to better meet the
customer demands and increase the CS, the company’s
budget investment is 1.4 million yuan to optimize the SEs.

Firstly, the express service optimization design group is
set up, including 2 Xi’an SF department managers, 1 SF
frontline courier, and 3 experts from the relevant research
institutions. The research team collects customer require-
ments information through customer interviews. After
merging and deleting some duplicate or unimportant items,
16 CRs are identified to stand for the biggest concerns of
customers, including “accurately fulfilling the service
commitment” (CR,), “7-day free charge kept for undelivered
items” (CR,), “insured services” (CR;), “packaging service
available” (CR,), “after-sales service guarantee” (CRs),
“rapid response and handling orders” (CRg), “timely update

logistics tracking information” (CR;), “prompt response to
return and replacement” (CR8), “notification to sender and
consignee by Short Messaging Service (SMS)” (CRy), “clarity
of tracking number”(CR,(), “reliable service staff” (CR,),
“professional personnel” (CR,), “return visit to key cus-
tomers” (CR;;), “available delivery time” (CR;,), “ap-
pointment for pickup service” (CR;s), and “authorizable
pickup” (CRyg).

Using the designed Kano questionnaire, a customer
demand survey is performed from December 2019 to March
2020 to classify express CRs. The respondents are selected
randomly from the customer of Xi’an SF. A total of 400
questionnaires are sent out in online and face-to-face form;
380 of them are collected. After eliminating the invalid
questionnaires, a total of 296 valid questionnaires were
collected, which covered a 77.9% effective rate. The survey
objects are mainly students, engineers, managers, teachers,
and other employees. 97.29% of responders have purchased
Xi’an SF express delivery, and 32.6% received 50-100 items
from Xi’an SF per year. In this paper, SPSS$23.0 software is
used to test the reliability and validity of data. The reliability
test results show that Cronbach’s values of the positive and
negative problems are 0.940 and 0.914, which means the
questionnaire is reliable. The validity test results show that
the KMO measure values were 0.921, indicating the ques-
tionnaire is trustable for factor analysis. Bartlett’s test of
sphericity is less than 0.001, reaching a significant proba-
bility. Therefore, it can be concluded that the data of the
questionnaire has good validity. SPSS 23.0 and Excel 2019
are used to conduct statistics according to the Kano method,
and 16 different CR classification results are obtained (see
Table 2). The customer satisfaction (CSi) and customer
dissatisfaction (DSi) are calculated by using the formula (1)
in section 3.2.2. The results are shown in Table 2.

According to the Kano classification results in Table 2
and formulas (2-4), the S-CR fitting function between each
CR and CS can be determined in Table 3.

The weight of CRs is described by the expert scoring
method. Four experts are selected in this paper. The expert
set and the corresponding weights are shown in Table 4.

The experts evaluated the importance of CR according to
5 granularity comments. The fuzzy weight of express @;
delivery customer demand can be obtained through formula
(10). After defuzzification with formula (11), the final CRs
weight w; can be obtained by combining formula (12). The
results of expert evaluation information and CRs weight are
shown in Table 5.

Soon afterwards, the express service optimization design
team investigated the express SEs provided by Xian SF.
After deliberate analysis and deletion of some irrelevant
items, 9 express SEs were determined, including standard-
ization of operation process (SE;), smooth customer com-
munication channel (SE,), personalized service (SE;),
delivery network coverage (SE,), customer knowledge
management (SEs), timely update of delivery information
(SEg), after-sales service management (SE;), staff training
management (SEg), and perfect complaint mechanism (SEy).

Subsequently, the relationship matrix between CRs and
express SEs is established according to the scale of the three-
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TaBLE 2: Kano classification of customer requirement and the Better-Worse coefficient.

Customer requirements A M O 1 Q R Categories CS; DS;
CR, 40 124 86 33 10 3 M 0.4300 -0.7167
CR, 78 44 103 54 9 8 (@] 0.6285 —-0.5104
CR; 39 116 88 45 7 1 M 0.4305 —-0.6915
CRy 74 31 115 43 12 21 (@] 0.6873 -0.5310
CRs 39 118 88 43 7 1 M 0.4050 —-0.6983
CR¢ 81 31 116 52 6 10 (0] 0.6888 -0.5140
CR, 37 111 59 73 8 8 M 0.3333 —-0.5903
CRg 52 49 158 29 8 0 (@] 0.7095 -0.6993
CRo 154 15 58 59 8 2 A 0.7211 —-0.2483
CRyo 35 111 68 69 8 5 M 0.3540 —-0.6151
CRy; 50 42 129 56 10 9 (@] 0.6240 —-0.5958
CR;2 59 49 122 51 7 8 (@] 0.6285 —-0.5938
CRy3 135 13 63 69 6 10 A 0.6923 —-0.2657
CRyy 107 48 71 63 5 2 A 0.6054 —-0.4048
CRys 128 25 91 44 5 3 A 0.7474 —-0.3959
CRy¢ 126 34 82 48 4 2 A 0.7075 —0.3946

Note: “A” represents attractive requirement, “O” represents one-dimension requirement, “M” represents the must-be requirement, “I” represents indifferent
requirement, “R” represents reverse requirement, and “Q” represents Questionable requirement.

TaBLE 3: S-CR relationship fitting function.

Customer requirements Categories a b f) Si=af(y;)+b
CR, M 1.8141 1.0974 —e N S, =-1.8141e” 71 + 1.0974
CR, o) 1.1389 ~0.5104 ¥, S, = 1.1389y, — 0.5104
CR; M 1.7750 1.0835 —e 2 S; = -1.7750e” 7+ + 1.0835
CR, o) 1.2183 -0.5310 V4 S, = 1.2183y, — 0.5310
CRs M 1.7454 1.0471 —e s S5 = —1.7454e™ s + 1.0471
CR o) 1.2028 ~0.514 Ve Sy = 1.2028y, — 0.5140
CR; M 1.4611 0.8708 —e 7 S, = -1.4611e” 77 + 0.8708
CRg 0 1.4088 ~0.6993 Vs Sy = 14088y, — 0.6993
CRy A 0.5642 -0.8125 e Sy = 0.5642¢7 7 - 0.8125
CRyg M 1.5331 0.9180 —e Y0 S1p = —1.5331e” 710 + 0.9180
CRy, 0 1.2198 -0.5958 Yu S, = 1.2198y,, — 0.5958
CRy, o) 1.2223 -0.5938 Vi Sy, = 1.2223y,, — 0.5938
CRy3 A 0.5575 -0.8232 e S13 = 0.5575e™ 12 — 0.8232
CRyy A 0.6654 -0.9927 el S14 = 0.6654e™ 14 —0.9927
CRys A 0.6654 -1.0613 e S5 = 0.6654e” 715 — 1.0613
CRyg A 0.6414 -1.0360 240 S16 = 0.6414e™ s — 1.0360
TaBLE 4: Expert information set. weight of express SEs is obtained by formula (14). The HOQ
Experts Character description W, is established based on the calculation results, including
- weights of customer demand w, the standardized matrix
E, Marketing department manager 0.3 lts R"™ bet ¢ d dand .
E, Product department manager 02 results etween customer demand and express service
E, Logistics committee expert 03 elements, the weights of express service elements V, and the
E, University logistics professor 0.2 budget costs b, as shown in Table 8. Among them, the

level evaluation set, as shown in Table 6. Meanwhile, the
autocorrelation matrix of express SEs is established
according to the scale of the five-level evaluation set, as
shown in Table 7.

According to Tables 6 and 7, the relationship matrix
between CRs and express SEs is obtained R=[7 lmxn as well
as SEs autocorrelation matrix Y = [y;;],.,,- The matrix after
defuzzification is R = [r;;],,., and Y = [y;;],,. According
to formula (13), the standardized matrix results between CRs
and express SEs are calculated, as shown in Table 8. The

optimized cost of each SE in Table 8 is provided based on the
comprehensive consideration of the disposable investment
of the enterprise and the net present value of operating costs
in the recent three years.

In the case study, since express enterprises provide 9
discrete SEs to meet 16 various CRs, a binary variable x
is added to reflect the corresponding relationship be-
tween SEs and CRs. The value of x ;. is 0 or 1. It is marked
as 1 when SE; is selected to meet the CR;; otherwise, it is
marked as 0. This paper followed the random coefficients’
binary choice model by Eric Gautier [46] in processing
the discrete random variables. The expert group
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TaBLE 5: CR importance evaluation information and its weight.

11

Customer requirements E; w; =03 E,w,=02 E3w;=03 E;w,=02 CR fuzzy weighted @;  Final CR weight w;
CR, VH M VH M (0.55,0.8,0.9) 0.0685
CR, M H VH M (0.45,0.7,0.875) 0.0608
CR; M L M H (0.25,0.5,0.75) 0.0442
CR, H VH VH (0.625,0.875,1) 0.0755
CRs VH H M VH (0.55,0.8,0.925) 0.0689
CRg M H H M (0.525,0.775,0.95) 0.0674
CR, VH H L VH (0.475,0.725,0.85) 0.0622
CRg VH H H VH (0.625,0.875,1) 0.0755
CRy M H L M (0.225,0.475,0.725) 0.0420
CRyo VH H M VH (0.55,0.8,0.925) 0.0689
CRy; M M H L (0.275,0.525,0.775) 0.0464
CR;» H M VH M (0.475,0.725,0.9) 0.0630
CRy3 VH VH H H (0.625,0.875,1) 0.0755
CRyy4 M H VH VH (0.55,0.8,0.925) 0.0689
CRys H H M M (0.375,0.625,0.875) 0.0552
CRys VH M H M (0.4,0.65,0.9) 0.0574
Notes: VL: very unimportant; L: unimportant; M: medium; H: important; VH: very important.
TaBLE 6: Relationship matrix between CRs and SEs.
SE,; SE, SE; SE, SEs SE¢ SE; SEg SEq
CR, & L 4 <& O < < <& O <
CR, 0 & 2 O a O O 0 O
CR; O O L 2 O O O <& a <&
CR4 * <& <& O O O * O <&
CRs ] & O O O * L 2 O L 4
CR¢ O * O O O m| O * O
CR, 0 O ] O 0 * O 0 O
CRg O & O O O O 4 O 2
CRy 0 & * O O & O 0 O
CRyo * O O O O O O 0 O
CR; O * . O O | O & O
CRy» O * < O | O < < 3%
CRy3 O O & <& & O O & O
CRyy4 0 & O O O O O O O
CRys O < a & ] O O O O
CRyq O o [} o [} O O O O
Notes: O represents weak; & represents medium; @represents strong.
TABLE 7: Autocorrelation matrix of express SEs.

SE,; SE, SE, SE,4 SEs SEs SE; SEg SE,
SE, 1 L VL H M M L L
SE, H 1 M L VH VH H H H
SE; L M 1 M VH L H M H
SE,4 VL L M 1 L H M L H
SEs H VH VH L 1 L M M M
SEs M VH L H L 1 M L M
SE; M H H M M M 1 H VL
SEg L H M L M L H 1 H
SE, L H H H M M VL H 1

Notes: VL: very low; L: low; M: medium; H: high; VH: very high.

brainstorms several SE values options with different re-
alization levels. The normalization for discrete SEs is

shown in Table 9.

Considering the constraint of the 1.4 million yuan op-
timizing budget, the express delivery service decision model
for Xi’an SF company is constructed based on formulas
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TaBLE 8: House of quality of express service.

SE
CR SE, SE, SE, SE, SEs SE¢ SE, SEq SE;  Weight of CR (w;)
CR, 01045 01490 01127 0.0773 01306 01101 0109 0.1025 0.1043 0.0685

CR, 00782 0.1236 01332 00782 01486 0.0908 01227 0102 01227 0.0608

CR, 0.0683 0.1241 01487 01006 0.1311 0.0807 01166 01133 01166 0.0442

CR, 01111 01432 01162 0.0749 01316 01022 01218 0.1088 0.0901 0.0755

CRs 0.0872 0.538 0108 01084 00974 01262 01038 01114 01038 0.0689

CRs 0.0874 0.1477 0.0945 00568 0.1238 0.042 0124 01375 0124 0.0674

CR, 0.0963 0.1684 00825 01222 00846 0.155 01066 0.0777 0.1066 0.0622

CRg 0.0835 0.1433 01234 00970 01099 0.1061 01046 01276 0.1046 0.0755

CRy 0.0817 01344 01203 0.0895 01334 01081 01193 0.094 0.1193 0.0420

CRyp 01591 01577 0.0886 0.0524 0.1466 01109 0.1146 0.0835 0.0867 0.0689

CR,, 0.0805 0.1316 01189 00675 0.1415 0.0947 01245 01165 0.1245 0.0464

CRy, 0.0825 0.390 01164 00767 01259 01007 01166 01257 01166 0.0630

CRy; 0.0721 01272 01359 0.0959 01289 0.0836 0.1194 01091 0.1278 0.0755

CRy4 01002 01454 0.0992 0.069 01303 01215 01127 0109 0.1127 0.0689

CRys 0.0811 01270 01028 01036 01151 01327 01135 0.0983 0.1258 0.0552

CRy6 0.0811 01270 01028 01036 01151 01327 01135 0.0983 0.1258 0.0574
Weight of SE (v)) 0.0923 0.412 0.121 00854 01242 01103 01149 01077 01123

Cost b; (ten thousand yuan) 20.8 19.5 26.5 14.6 17.5 16.5 19.8 15.4 14.8

(18)-(25). The objective function is to maximize customer The details are as follows:
satisfaction.

[ MAX = 0.685, +0.0608, +0.0442_ +0.0755 +0.0689
+0.0674, +0.0622, +0.0755, +0.0420, +0.0689,
+0.0464, +0.0630, +0.0755, +0.0689,

+0.0552, _+0.0574,

S1=-1.814le”" +1.0974

$2 =1.1389y, — 0.5104

§3 = —1.7750e™”* + 1.0835

S4 =1.2183y, - 0.5310

S5 = —1.7454¢™”" + 1.0471

o) S6 = 12028y, — 0.5140 ' 26)
S7 = -1.4611e™”7 +0.8708

S8 = 1.4088y4 — 0.6993

§9 = 0.5642¢”° - 0.8125

§10 = -1.5331¢™7" +0.9180

S11 =1.2198y,, — 0.5958

S12 = 1.2223y,, - 0.5938

§13 = 0.5575¢ 7" — 0.8232

S14 = 0.6654¢ 7+ — 0.9927

S15 = 0.6654¢ "> — 1.0613

| S16 = 0.6414e " - 1.0360
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TaBLE 9: Normalizations of discrete SEs.
Discrete SEs Option 1 Option 2 Option 3 Option 4 Option 5
SE, dy,=0.25 d,=0.5 d3=0.8 d=1 —
SE2 d21 =0.2 d22 =04 d23 =0.6 d24 =0.8 d25 =1
SE; ds =0.33 ds,=0.66 dyy=1 — —
SE4 d41 =0.2 d42 =0.4 d43 =1 — —
SE5 d51 =0.25 d52 =0.55 d53 =0.75 d54 =1 —
SEq dg =0.25 dg,=0.5 dg3=0.75 dgs=1
SE, dy; =02 dyy=0.4 d3=06 d,;4=08 dys=1
SE3 d81 =0.33 dgz =0.66 d83 =1 — —
SEg d91 =0.2 d92:0.4 d93 =0.6 d94:O.8 d95_ 1
Let x; be the satisfaction level of express service ele-
ments. Combined with the data in Table 9, the constraint is
[ x; = 0.25x; +0.5x, + 0.8x3 + x4,
x; = 0.2x,; + 0.4x,, + 0.6x,3 + 0.8x,, + X35,
x3 = 0.33x3; + 0.66x3, + X33,
x, = 0.2x4 +0.4x4 + xy3,
x5 = 0.25x5, + 0.55x5, + 0.75X535 + X4, (27)
xg = 0.25x4; + 0.5x4, + 0.75x43 + X4
x7; = 0.2x5, + 0.4x,, + 0.6x73 + 0.8x74 + X5,
xg = 0.33x4, + 0.66x4, + Xg3,
L X9 = 0.2x9; + 0.4x9, + 0.6x93 + 0.8x94 + Xgs.
0<x; <l (28)
X +tXptx3+tx,=1,
Xgp + Xgp + Xg3 + Xy + X935 = 1,
X3t X3yt X33 =1,
Xyt Xy tXg3=1,
Xsp+ X5y + X553+ X4 = 1, (29)
Xg) T Xgp T Xg3 + X4 = 1,
Xg1 + Xgy + Xgz + Xy + X75 = 1,
Xg) +Xgy + Xg3 =1,
Xg1 + Xgy + Xg3 + Xgy + Xg5 = 1.
X € [0, 1]. (30)
20.8x; +19.5x, + 26.5x5 + 14.6x4 + 17.5x5 + 16.5x4 + 19.8x, + 15.4x4 + 14.8x, < 140. (31)

Y

_ phorm
=R X.
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R™™ =0.10450.14900.11270.0773 0.1306 0.1101 0.109 0.1025 0.1043

0.07820.1236 0.1332 0.0782 0.1486 0.0908 0.1227 0.102 0.1227
0.06830.1241 0.1487 0.1006 0.1311 0.0807 0.1166 0.1133 0.1166
0.11110.14320.11620.07490.1316 0.1022 0.1218 0.1088 0.0901
0.08720.15380.1080 0.1084 0.0974 0.12620.1038 0.1114 0.1038
0.0874 0.1477 0.0945 0.0568 0.1238 0.1042 0.1240 0.1375 0.1240
0.0963 0.1684 0.08250.1222 0.0846 0.1550 0.1066 0.0777 0.1066
0.08350.14330.12340.0970 0.1099 0.1061 0.1046 0.1276 0.1046
0.08170.1344 0.1203 0.08950.1334 0.1081 0.1193 0.0940 0.1193
0.15910.1577 0.0886 0.0524 0.1466 0.1109 0.1146 0.0835 0.0867
0.08050.13160.1189 0.06750.1415 0.0947 0.1245 0.1165 0.1245
0.08250.13900.1164 0.0767 0.1259 0.1007 0.1166 0.1257 0.1166
0.07210.12720.1359 0.0959 0.1289 0.0836 0.1194 0.1091 0.1278
0.1002 0.1454 0.0992 0.0690 0.1303 0.12150.11270.1090 0.1127
0.08110.12700.1028 0.1036 0.1151 0.13270.11350.0983 0.1258
0.08110.12700.1028 0.1036 0.1151 0.13270.1135 0.0983 0.1258

(33)

The above optimization decision model is processed by
Lingo016.0 software. Table 10 lists the solution results about
CR achievement level (y;) and individual customer satis-
faction (S;) by each customer requirement.

The solution results indicate that all the CRs have been
achieved at levels greater than 0.85 levels with the 1.4-
million-yuan budget constraint. The express delivery cus-
tomer’s individual satisfaction (S;) can be calculated based
on the fitting function S-CR. The full CS; values are obtained
from Table 2. When dividing individual customer satis-
faction (§;) by full complete satisfaction (CS;), the customer
satisfaction level (S;/CS;) of each CR is obtained. According
to the objective function in formula (26), when the weight of
each customer demand (w j) is brought in, respectively, the
sum of customer satisfaction (S) is 0.4357 and the sum of full
customer satisfaction (CS) is 0.5863, and the customer
satisfaction level (S/CS) is 74.31% in Table 10. It is worth
noting that the full CS for individual CRs is not high in this
case, which indicates the full CS rate for the entire service is
below 80%. The reason is, according to the defined CS value,
if all the responses vote CR as attractive or one-dimensional
and none of them votes for must-be or indifferent re-
quirement, CS values could be equal to 1. However, this case
is uncommon. Moreover, a general product/service essen-
tially has certain must-be requirements, which means some
basic customer needs must-be achieved. Especially in the
lower price competition express service market, nearly one-
third of the requirements among the 16 customer demand
categories belong to must-be requirements. Namely, this
empirical result is more in line with the actual situation of
low-price vicious competition in China’s express service
market. The presented framework is more objective than
traditional methods because the full fulfilment of a certain
CR does not ensure customers’ full satisfaction. Customers
may not need that service element feature. Integrating
quantitative Kano’s model into FQFD can help firms identify

the necessary CRs which significantly affect CS and avoid
paying much attention to insignificant customer
requirements.

The optimization design scheme of service elements
selected also is obtained by Lingo software as follows:
x13=1, x25=1, x32=1, x43=1, x54=1, x64=1, x74=1,
x82=1, x94=1. Table 11 shows the results of SE perfor-
mance and corresponding resource allocation. It can be seen
from the results that the fulfilment level of each service
element can be determined based on the selected SE points.
The actual cost distribution of each service element is ob-
tained by multiplying the SE value of the fulfilment level by
the cost index of each service element b > shown in Table 8.

According to the results of the model in Tables 10 and 11,
the capital allocation of 9 service elements, namely, oper-
ating standardization of logistics (SE;), smooth customer
communication channel (SE,), personalized service (SE;),
delivery network coverage (SE4), customer knowledge
management (SEs), timely update of delivery information
(SEg), after-sales service management (SE;), staff training
management (SEg), perfect complaint mechanism (SEy), is,
respectively, 166400 yuan and 195000 yuan, 174900 yuan,
146000 yuan, 175000 yuan, 165000 yuan, 158400 yuan,
101500 yuan, and 118000 yuan. In this case, the highest level
of customer satisfaction can be achieved.

5. Management Inspiration and
Research Significance

5.1. Management Inspiration. Based on the above study, this
paper proposes the following management suggestions:

(1) Different service elements have different contributions
to customer satisfaction. The proposed method to
determine SE optimal values is useful and practical in
this paper. When implementing budget allocation,
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TaBLE 10: Satisfaction level and customer satisfaction of customer requirement.

Customer CR achievement level Individual customer Full customer satisfaction = Customer satisfaction level
requirements (1) satisfaction (S;) (CS)) (S;/CS;))
CR, 0.8633 0.3322 0.4300 77.27
CR, 0.8553 0.4637 0.6285 73.78
CR; 0.8506 0.3253 0.4305 75.57
CRy 0.8588 0.5153 0.6873 74.97
CR;5 0.8664 0.3133 0.4050 77.35
CRg 0.8539 0.5131 0.6888 74.49
CR; 0.8835 0.2069 0.3333 62.08
CRg 0.8561 0.5068 0.7095 71.43
CRg 0.8631 0.5249 0.7211 72.79
CR;p 0.8695 0.2754 0.3540 77.79
CRy; 0.8543 0.4462 0.6240 71.51
CR,, 0.8546 0.4508 0.6285 71.73
CRy3 0.8527 0.4847 0.6923 70.02
CRyy4 0.8641 0.5862 0.6054 96.83
CR;5 0.8674 0.5229 0.7474 69.96
CRyg 0.8654 0.4911 0.7075 69.41
Total 0.4357 0.5863 74.31

TaBLE 11: Results of SE fulfilment and optimizing budget allocation.

Discrete values of SE

Selected SE options

SE fulfilment level (x j)

Optimizing budget allocation (ten thousand yuan)

SE,
SE2
SE,
SE,
SEs
SEq
SE,
SEq
SEo

X13 0.8
X5 1
X32 0.66
X43 1
X54 1
X4 1
X74 0.8
Xg2 0.66
Xo94 0.8

16.64
19.50
17.49
14.60
17.50
16.50
15.84
10.15
11.80

priority should be given to improving the higher
importance service elements under the same condi-
tions. That could maximize customer satisfaction and
minimize the enterprise’s operating cost to the
greatest extent. Regarding the empirical study in this
paper, Table 8 shows the weight calculation results of
service elements. The priority sorting order from high
to low is SEz-SES-SE7-SE9-SE3-SE6-SE8-SE1-SE4.

(2) Different types of customer demands have different

contributions to customer satisfaction. In service
optimization design, enterprises can identify cus-
tomer demands that significantly affect customer
satisfaction by QKANO and avoid excessive efforts
on insignificant customer demand. The following are
some specific suggestions:

The must-be customer demands CR;, CR;, CRs,
CRy, CRyy in this empirical study can be recognized
as the basic attributes to win customer satisfaction.
If these requirements cannot be achieved, the
customer will be highly dissatisfied, so imple-
menting the “must-be” requirements will only
create a state of “not dissatisfied” (Matzler and
Hinterhuber) [20]. In other words, they are

necessary conditions but not sufficient conditions
for customer satisfaction (Busacca and Padula)
[47].

The one-dimension demand includes CR,, CR,,
CRg, CRg, CRyp, CRy; in the study. These demands
are more functional to enhance customer satis-
faction (Redfern and Davey) [48]. The more these
demands are met, the greater the customer satis-
faction and vice versa. Therefore, the one-dimen-
sion CRs are both the necessary and sufficient
conditions (Busacca and Padula) [47]. They are
essential in improving service quality and in-
creasing competitive advantage for the enterprise
by creating service differences (Witell and Lo~ fg-
ren) [17].

The attractive customer requirements, involving
CRy, CRy3, CRyy, CRys, and CRyg, are provided to
satisfy customers and not lead to dissatisfaction if
absent (Berger et al.) [15]. Therefore, customers
have no expectations for these service features but
will be satisfied when they are properly imple-
mented (Matzler et al.) [19]. So, they are sufficient
conditions but not necessary conditions for cus-
tomer satisfaction (Busacca and Padula) [47].
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Attractive demand attributes could be portions of
the aggressive marketing strategies to attract
competitors’ customers as much as possible.

5.2. Research Significance. In order to solve the practical
issues of express service, this paper constructs an optimi-
zation decision-making model for express service based on
the quantitative Kano model and FQFD. The priority of
express service elements and the allocation of budget funds
are determined by solving the model. Compared with the
previous research, the most significant advantage of this
model is that it fully considers the different contributions of
each service element on customer satisfaction and effectively
matches customer demands with the service element system.
This provides detailed decision supports for express service.
The main contributions in theoretical and practical circles
are as follows:

(1) This work proposes a measurement method for
accurate definition of CRs and CS based on the
quantitative Kano model. It not only effectively
overcomes the arbitrariness of the traditional qual-
itative Kano model and improves the objectivity of
customer needs’ classification but also accurately
identifies the relationship function of customer
satisfaction and various customer needs.

(2) This study further integrated the triangle fuzzy
number into QFD process for the optimization
design of express service, which efficiently resolves
subjectivity and fuzziness of expert evaluation in-
formation. It improves the accuracy of weight de-
termination for customer needs and service elements
to enhance further the FQFD model in the express
service optimization making-decision support
function.

(3) This study constructs a mixed nonlinear program-
ming model of express service optimization decision.
The mathematical model takes customer satisfaction
as the objective function, considering the budget cost
and service elements and their fulfilment level as a
series of constraints. Based on the empirical research,
this paper recognizes the priority of express service
elements from high to low as SR,-SR5-SR;-SRg-SR;-
SRg-SRs-SR;-SRy, while in the budget allocation
priority should be given to improving service ele-
ments with a higher weight under the same
conditions.

5.3. Limitation and Future Research Directions. This study
has certain limitations. It focuses on identifying customer
requirements, service elements, and their influence on
customer satisfaction but ignores the effects of competitive
relationships in QFD. Moreover, the research built the
optimization model under the economic constraint without
considering time and human conditions. The validation of
this model is limited to the branches of a well-known
Chinese enterprise. Further expanding its verification scope
is one of the main directions of further research.

Discrete Dynamics in Nature and Society

The immediate practical research extension could be
taken by collecting data from various sized delivery service
companies in China and expanding the customer ques-
tionnaires to more groups. Also, competitive relationships
between firms should also be considered, and the optimi-
zation decision model of express delivery service under the
expected competition can be built. Compared with other
competitors, enterprises can further define the optimized
service elements. Moreover, the subsequent work could
advance the optimization model of express service elements
under financial, time, and human constraints.
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