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Abstract: The thriving development of cross-regional e-commerce has gradually increased online
marketing activities and consumers’ intention to shop online. The objective of this paper to find
solutions for improving the advertising effectiveness has therefore become very important. In this
article, an integrating method of fuzzy quality function deployment (FQFD) and fuzzy grey relational
analysis (FGRA) was proposed to identify solutions for improving the advertising effectiveness. Based
on this method, the house of quality (HoQ) to facilitate investigation of the 17 advertising effectiveness
needs and 10 feasible technical improvements were presented. Through the questionnaire survey of
platform users, the importance and satisfaction of the attributes of advertising needs were obtained.
After that, a fuzzy relationship matrix was constructed to link technical improvements and advertising
effectiveness needs in a fuzzy decision environment. Finally, the priority of technical improvements
regarding improving advertising effectiveness were obtained. The results show that the proposed
method can help decision makers of cross-regional e-commerce to improve advertising effectiveness
effectively, so that they can effectively use resources to design advertisements that meet user needs.

Keywords: advertising effectiveness; cross-regional E-commerce; fuzzy quality function deployment
(FQFD); fuzzy grey relational analysis (FGRA); house of quality (HoQ)

1. Introduction

Online community shopping has become an irreplaceable part of everyday life. Community
interactions have also gradually replaced traditional models of interaction between people for
delivering messages and expressing opinions [1]. Consumers can use different types of platforms
to communicate or buy products and services, which has led to the rise of social networking sites
and social media. Internet communities have caused massive changes to advertising marketing and
how information is disseminated. They have also transformed the limits of conventional marketing
approaches. E-marketing targets Internet behavior to achieve marketing goals. Advertisers pay to
display advertisements on websites as links or logos. Numerous online marketing tools are currently
used, including word of mouth, videos, in-app advertisements, online activities, and social networks.
Due to the advantages of new media—namely timeliness, reach, convenience, interactiveness, and online
direct purchasing—web advertisements receive more attention than do traditional advertisements.

Ducoffe [2] stated that advertising value is an index measuring advertising effectiveness. He argued
that the value of an advertisement is a subjective evaluation of the advertisement’s relative value to or
effect on consumers, and measuring advertising value can assist businesses in evaluating advertising
strategies and satisfying consumer needs. Among studies on advertising, Brackett and Carr [3] and
Ducoffe [4] have argued that the advertising value of traditional media positively affects consumers’
attitude toward advertisements and purchasing behavior. In the past, traditional advertisements were
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received by consumers passively; however, current social media advertisements give consumers an
active choice. Consumers primarily go online with a purpose and are no longer coerced to receive
advertising messages but can choose whether to view advertising content. Therefore, using different
marketing and advertising campaigns on social media platforms to attract consumer shopping turns
website users into simultaneous consumers.

The recent development of cross-border e-commerce (CBEC) has grown rapidly. CBEC refers to
international business activities conducted by transactional entities in different customs territories
(where the same custom regulations and tariffs are implemented). This involves striking transactions
and settling payments on an electronic business platform, then delivering the products and
completing the transaction through cross-regional logistics. Current CBEC trade models are primarily
business-to-business or business-to-consumer. According to Xinhua.net data [5], as of 2016, China has
over 200,000 CBEB businesses and over 5000 e-commerce platforms. Similarly, Heel et al. [6] predicted
that by 2025, global CBEC annual revenue may surge from $250 billion to $350 billion USD, and China
and other Asian countries will account for 40% of total revenue. Therefore, the emergence of diverse
e-commerce platforms on the market allows consumers to enjoy various consumer experiences and
services. Among consumption patterns, buying and selling without borders has become the current new
trend. From the description of the above information, it can be known that the thriving development of
CBEB has gradually increased online marketing activities and the current market is fiercely competitive.
Thus, how to increase the advertising value of online platforms to reinforce advertising effectiveness
and users’ purchase intention in this competitive virtual shopping environment through effective web
advertisements was the primary issue of this study.

There are numerous methods for quality improvement. However, a systematic approach which
is simple and easy to understand will be easier accepted by practitioners. The common research
method quality function deployment (QFD) covers various areas, for example, the performance
improving, service quality improvement, for solving the logistics service selection problems, etc. [7–11].
Grey system theory proposed by Deng [12] can be used to tackle the relational analysis, prediction,
control, and decision making problems of a system in which the model is unsure or the information is
incomplete. It provides an efficient solution to the uncertainty, multi-input, and discrete data problems.
The grey relational analysis (GRA) is one of the methods based on grey theory. The relation between
machining parameters and machining performance can be found out using the GRA. It will indicate
the relational degree between two sequences with the help of GRA. GRA has been widely used in
supplier selection [13] or vendor selection analysis [14].

There are many tools used in multi-criteria decision-making. Common tools include rough
sets [15], fuzzy sets [16], or neural networks [17]. Both rough sets and fuzzy sets can handle imperfect
data, but the methods are different. Fuzzy sets emphasize the degree of vagueness of description
information, while rough sets emphasize the indiscernibility, imprecision, and ambiguity of the
data. Rough set research focuses on classification, and fuzzy set research focuses on the degree
of membership. Therefore, the two different theories are not opposed to each other. They are
complementary in processing imperfect data. Neural networks are mostly used for learning and
induction from past data, which also can be used for decision making. In this study, we aim to develop
an integrated method of fuzzy quality function deployment (FQFD) and fuzzy grey relational analysis
(FGRA) was proposed to identify solutions for improving the advertising effectiveness. Cause of
the uncertainty associated with the scenario in-formation for individual decision making and the
fuzziness of human thinking, reasoning and perceptions mean the application of multiple criteria in
the process. In other words, the fuzziness of environmental changes and human thinking should be
described and presented in a fuzzy manner. The use of natural language can allow the appraisers
to express their ideas freely with words and articulate the fuzziness in the decision-making process.
This method provides a facilitate investigation of advertising effectiveness needs and feasible technical
improvements were presented based on HoQ. After that, a fuzzy relationship matrix was constructed
to link technical improvements and advertising effectiveness needs in a fuzzy decision environment by
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FGRA. Finally, the priority of technical improvements regarding improving advertising effectiveness
were obtained to identifying the most critical solutions which are in urgent need for improvement
provides a fast and efficient resource allocation. Therefore, the novelty of the proposed methodology
is: (1) In the decision-making process, many professional decision makers establish the relationship
matrix to reflect different views and reduce the bias effect. This will make the proposed method more
realistic in the decision-making process. (2) Integrating FGRA technology for HoQ matrix correlation
evaluation will make the results more objective. (3) The importance and satisfaction data obtained from
actual survey will make the criterion weight of users’ needs more objective. The research questions of
the paper are the following:

(1) How to construct a systematic framework to help CBEC companies to follow the processes to fine
the technical improvements for advertising effectiveness quality improvement.

(2) How to extend the fuzzy QFD and fuzzy GRA methods to the multi-criteria decision evaluation
of advertising effectiveness, so that it is closer to human thinking in the decision process.

(3) How to identify the technical improvements under the condition with uncertain information and
poor data.

This study makes four contributions to the advertising effectiveness quality improvement of
CBEC. First, this approach that integrated the methods of FQFD and FGRA provides a systematic
framework for decision makers to determine technical improvements before implementing advertising
effectiveness quality improvement. Additionally, this paper will present CBEC advertising effectiveness
evaluation criteria based on the related literature. Third, from the perspective of advertising value to
propose technical improvements for improving advertising effectiveness. Finally, this study used an
actual case to verify the proposed approach, which enables businesses to design advertisements based
on their needs. These approach and criteria are rather practical and easy to popularize in this article.
The paper is organized as follows. Section 2 presents the literature review, methodology is presented in
Section 3. Case application and discusses are presented in Sections 4 and 5. Finally, Section 6 presents
the conclusions and suggestions for future research.

2. Literature Review and Methods

2.1. Perceived Advertising Value

The most common definition of perceived value was defined by Zeithaml [18] in which consumers
form overall assessments of products or services by comparing their benefits and costs. Perceived
value represents the balance between benefits and the sacrifices (such as money, time, and labor).
Chen and Dubinsky [19] argued that perceived value is a key factor in consumer behavior and
represents consumers’ overall value assessment. Thus, understanding the value perceptions of
potential consumers is crucial, and consumers’ assessments of product attributes can provide a basis for
determining product value. Perceived value is also subjective and relative [20]; therefore, customers’
perceived value can explain motivations behind consumer behavior from a rational perception
angle [21]. Gallarza and Saura [22] also proposed perceived value for describing customers’ values
because perceived value is synonymous with consumer value or customer value for consumer research
methods. Generally, perceived value is difficult to conceptualize and measure because it originates
in the essence of the value, which itself is an abstract concept with different meanings. Most of
such meanings are economic—transactional value and perceived price—or psychological—perceptual
and emotional influence on product purchases and brand choices [20]. Therefore, advertising value
must either satisfy or exceed consumers’ expectations. If consumers believe the advertisement to
be high value, consumers may gradually pay attention to their preferred advertisement and choose
other similar advertisements. By contrast, perceptions of low value result in consumers ignoring the
advertisement and even negative attitudes in response.

Ducoffe [2] defined perceived advertising value as consumers’ perception of online advertisements
after receiving the advertising content, and perceptual antecedents can be standard for consumers



Mathematics 2020, 8, 650 4 of 22

determining whether advertisements have value and affect their purchase intention. Therefore,
advertising content is a key success factor determining whether the advertisement draws consumers
and receives feedback. Perceived advertising value comprises cognitive and emotional factors:
Cognitive factors include perceptions of how informative the advertisement is, and emotional factors
include entertainment and irritation. Informativeness is advertisements’ ability to inform consumers
about product types. Irritation reflects the techniques advertisers use to annoy, offend, insult,
or manipulate consumers and are considered harmful and may anger consumers. Third, entertainment
seen as pleasant or enjoyable advertising can generate positive influences on brand attitude [2,23,24].

A goal of advertising is informing customers of new products or services [25] or product differences.
Customers primarily use advertisements to receive product information. The informativeness of
advertisements is a critical predictive index of advertising value and is critical to the effectiveness
of web advertisements [4,24]. Sun et al. [26] discovered that the dimensions of informativeness
and entertainment significantly affect consumer attitudes, and Martins et al. [27] proposed that
factors affecting advertising value include informativeness, credibility, entertainment, irritation,
and incentives. Kim and Han [23] divided advertising value into informativeness, credibility,
entertainment, irritation, and incentives and emphasized that rewards require monetary or nonmonetary
benefits. Monetary benefits include discounts, coupons, and gifts; and nonmonetary benefits include
upgrades, status rewards, and priority services.

By summarizing these scholars’ discourses, we proposed the following factors of perceived
advertising value related to the characteristics of e-commerce platforms.

(1) Information

Information is an incentive with value in the e-commerce environment because consumers’
reactions to advertisements are positive [28]. Ducoffe defined informativeness as the degree to which
advertising can provide consumers with complete information on a product. The primary use of
advertisements is to obtain information on products, and advertisers and marketers should prioritize
consideration of the amount of information in advertisements. If advertisements can transmit complete
information to consumers, they will be satisfied during the purchasing process [29]. Lee et al. [30],
defined informativeness as advertisements’ ability to communicate product information to consumers,
and informative content must include premiums, usability, and price. As consumers go online to
collect massive amounts of product information before making a purchase, if advertising content
can provide consumers with the information they want on products, it can assist consumers to make
adequate decisions during purchases. This can improve the consumers’ attitude toward a website and
increase their purchase intention [28]. Therefore, information volume and perceived advertising value
are closely related [4].

(2) Entertainment

Ducoffe argued that advertisement designs allow consumers to feel comfort and pleasure when
browsing, which substantiates the positive correlation between entertainment in advertisement
messages and advertising value. Entertainment in advertisements provides consumers with an escape
from reality, enjoyment, or emotional release to promote enjoyment and establish positive consumer
attitudes [27,31,32]. Haghirian and Madlberger [33] argued that content with entertainment leaves
a deep impression on customers to increase customer engagement and advertisement value [34].
Scharl et al. [35] proposed that if advertisements provide interesting and informative messages,
consumers are likely to purchase the advertised product.

(3) Interactivity

Interactivity is key for establishing customer relationships, particularly interactive advertising
and marketing communications [36]. Wang et al. [37] focused Ducoffe’s perceived advertising value
model and discovered that interactivity was also a factor driving consumers’ perceptions of advertising
value. They argued that interactivity in advertising could satisfy consumers’ needs while providing
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consumers with interpersonal interactions close to real life. Lu et al. [38] argued that interactivity is the
high-level engagement and communication that the buyer perceives between the buyer and seller.

(4) Credibility

Credibility in advertising refers to the truthfulness and credibility of the brand or product
proposition in advertisements determined by consumers [39]. It proposed that advertising credibility
significantly affects the perceived value of advertising. The credibility of advertisement produces
positive effects on attitude toward ad and behavioral intentions [40,41] and direct positive effects on
customer ratings [40,42,43]. Consumers may ignore or not respond to advertisements if they feel the
advertisement is not credible and ignore the message.

2.2. Advertising Effectiveness

The effects of advertising on consumer behavior have always been a process that is complex
and difficult to clarify. Traditional methods of measuring advertising effects are based on consumer
attitudes toward products and advertisements and consumer’s responses to a series of psychological and
behavioral variables in advertisements. Petty and Cacioppo [44] proposed that advertising effectiveness
is the result of using various approaches to measure the process of advertisements delivering messages
to consumers. After advertisements are delivered to users, users must have a persistent emotional
response—like or dislike—to the advertisement, which affect users’ exposure, attention, and response to
advertisements. Advertising effectiveness is a paramount topic for advertising media and advertisers.
Due to the different traits between the Internet and traditional media, online advertisers have developed
different units for measuring online advertising effectiveness. However, no standards currently evaluate
web advertisements or fair agency to establish measuring standards. Different definitions of Internet
advertising effectiveness are currently used.

MacKenzie and Lutz [39] proposed that attitudes toward advertisements are when consumers
form consistent responses identifying or not identifying with advertisements. Saadeghvaziri and
Hosseini [45] discovered that the general attitude of advertisements affect consumers’ attitudes toward
them. The theory behind the model in which attitude toward the advertisement serves as a mediator
explains how consumers process information from a general hierarchy-of-effects framework with
attitude toward the advertisement as a mediator. Each stage occurs gradually and represents the
relationships between perception, attitude, and behavior. Elements of the model include consumers’ ad
cognition, attitude toward the advertisement, brand cognition, attitude toward the brand, and purchase
intention. Fishbein and Ajzen [46] divided attitude into three components: cognition, emotion,
and desire. They argued that attitude affects consumer behavior through two factors: other people’s
opinions and external environments. Attitude can also be the degree that consumers prefer something.
When consumers simultaneously feel favorable toward an ad and need the product, a need variable is
generated, and purchase intention is formed from that need. Mackenzie et al. [47] measured attitudes
toward ads based on cognition and emotion, and consumers’ emotional and evaluative responses to
advertising could be understood through measuring attitudes toward ads. Cognition refers to the
degree of understanding and evaluation toward the advertisement, and emotion refers to the degree of
liking the advertisement.

Overall, academic research has compiled four indexes for measuring the effects of traditional
advertising: attitude toward the advertisement, attitude toward the brand, advertisement memory,
and purchase intention [48]. Measuring the advertising effectiveness of web media is considerably
technical, most scholars have measured advertising effectiveness in web media through the same
approaches for measuring advertising effectiveness in traditional media. Therefore, this study’s basis
for measuring advertisements used four advertising effectiveness dimensions in traditional media
proposed by Ha [48], shown in Table 1.
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Table 1. Users’ advertising effectiveness perception.

Constructs Scale Items Description References

Attitude toward
the advertisement

-I was impressed by the advertisement.
-I am willing to watch the advertisement again.
-I think the way the advertisement was
presented can effectively convey the message.
-I can clearly understand the message of the
advertisement.
-The advertisement is pleasing.
-I will use the information in the advertisement.

After watching a specific
advertisement within a certain
period of time, consumers
respond to the advertisement
with approval or not.
This response includes whether
to watch again, the cognition and
understanding of the message,
and the pleasant feelings
generated by the advertisement.

[48–50]

Attitude toward
the brand

-After seeing the advertisement, I like the
advertised brand even more.
-After seeing the advertisement, I will pay more
attention to the brand.
-After seeing the advertisement, my impression
of it is reinforced.

Attitude toward the brand refers
to the consumer’s overall
evaluation of a brand, which is
a tendency to react to the brand
in a way of like or dislike. It
includes consumers’ attention,
evaluation and selection
behaviors to the brand.

[4,51–53]

Advertisement
memory

-I can remember most of the advertising
content.
-The advertisement reinforced my impression
of the product.
-I can describe the advertising content.
-I will remember this advertisement if I
encounter a similar advertisement.

Advertisement memory refers to
the ability of advertisements to
be distinguished from many
advertisements and remembered
by consumers. Contains
memories and recalls of
advertising content, or
impressions of products.

[54,55]

Purchase intention

-After seeing the advertisement, I am willing to
try the product.
-Seeing the advertisement raised my interest in
buying the product.
-After seeing the advertisement, I will purchase
the advertised product.
-I will recommend the product to my friends.

Purchase intention is the
probability that consumers are
willing to take a specific purchase
behavior. Contains interest
initiation, trial, purchase and
recommendation.

[4,56]

2.3. Fundamentals of QFD

Quality function deployment (QFD) is a planning tool that is used to satisfy customer expectations.
It was originally developed in 1972 in Japan, as a methodology to improve product quality implemented
in business such as Mitsubishi, Toyota, and their suppliers [57]. It can translate customer requirements
into engineering characteristics, process specifications, and production requirements [58]. In general,
the QFD processes which is based on production will contain four levels [59], product planning, spare
parts planning, process planning, and production planning. In other words, QFD will take note of
the costumer’s needs to improve on the service quality or the development of new products [58].
QFD mainly uses House of Quality (HoQ) as the interface tool to expand. A HoQ gives detailed
information about what customer needs and how these needs can be turned into design specifications
to identify these needs [60]. HoQ’s basic structure is divided into six parts (Figure 1), including:
(A) customer demand; (B) engineering analysis; (C) competitive analysis; (D) correlation analysis;
(E) technology assessment; (F) the relationship matrix.

There are many successful QFD have been applied to a variety of problems such as library
service [61], retail services [62], shipping companies [63]. Other than these studies, the following
studies also utilized fuzzy sets: transportation management problem [15,64,65], supply chain
management problem [66,67].



Mathematics 2020, 8, 650 7 of 22

Mathematics 2020, 8, x FOR PEER REVIEW 7 of 22 

 

Quality function deployment (QFD) is a planning tool that is used to satisfy customer 

expectations. It was originally developed in 1972 in Japan, as a methodology to improve product 

quality implemented in business such as Mitsubishi, Toyota, and their suppliers [57]. It can translate 

customer requirements into engineering characteristics, process specifications, and production 

requirements [58]. In general, the QFD processes which is based on production will contain four 

levels [59], product planning, spare parts planning, process planning, and production planning. In 

other words, QFD will take note of the costumer’s needs to improve on the service quality or the 

development of new products [58]. QFD mainly uses House of Quality (HoQ) as the interface tool to 

expand. A HoQ gives detailed information about what customer needs and how these needs can be 

turned into design specifications to identify these needs [60]. HoQ’s basic structure is divided into 

six parts (Figure 1), including: (A) customer demand; (B) engineering analysis; (C) competitive 

analysis; (D) correlation analysis; (E) technology assessment; (F) the relationship matrix. 

There are many successful QFD have been applied to a variety of problems such as library 

service [61], retail services [62], shipping companies [63]. Other than these studies, the following 

studies also utilized fuzzy sets: transportation management problem [15,64,65], supply chain 

management problem [66,67].  

 

Figure 1. House of Quality. 

3. Methodology  

Some concepts and research methods used in this article are briefly introduced in this section. 

We firstly present a research flowchart to explain the framework of the methodology (see Figure 2).  

 

Figure 2. Framework of the proposed methodology. 

(A) Customer demand (C) Competitive analysis 

(B) Engineering analysis 

(F) The relationship matrix 

(E) Technology assessment 

(D) 

Correlation analysis 

Determine users' advertising effectiveness needs “What” 

Represent the importance and satisfaction levels of users’ needs 

Determine technical solutions ‘‘how’’ 

Complete the relationship matrix  

Represent the priority of technical solutions 

Figure 1. House of Quality.

3. Methodology

Some concepts and research methods used in this article are briefly introduced in this section.
We firstly present a research flowchart to explain the framework of the methodology (see Figure 2).
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3.1. Triangular Fuzzy Number (TFN) and Operations

Fuzzy set theory was originally proposed by Zadeh [68]. It is an effective means to represent
imprecise and vague data in the real world. Membership function is used to express a set and the value
of a membership function lies between 0 and 1. In this study, we use a triangular fuzzy membership
function to quantify the linguistic data in our study,

A TFN A can be denoted by the triplet (c, a, b), and its membership function fA : R→ [0, 1] is
defined as

fA(x) =


(x− c)/(a− c), c ≤ x ≤ a
(x− b)/(a− b), a ≤ x ≤ b

0, otherwise
where−∞ < c ≤ a ≤ b < ∞ (1)

The parameter a gives the maximal grade of fA(x), i.e., fA(a) = 1 and it is the most possible value of
the evaluated data. c and b are the lower and upper bounds of the available area for the evaluated data.
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By the extension principle [68], the fuzzy addition, ⊕, and fuzzy multiplicationand ⊗, of two TFNs
A1 = (c1, a1, b1) and A2 = (c2, a2, b2) are presented as follows:

A1 ⊕A2 = (c1 + c2, a1 + a2, b1 + b2); (2)

k⊗A1 = (kc1, ka1, kb1), k ≥ 0, k ∈< (3)

A1 ⊗A2 ≈ (c1c2, a1a2, b1b2), if c1 ≥ 0, c2 ≥ 0. (4)

3.2. Distance between Two TFNs

Chen and Hsieh [69] proposed geometrical distance based on the geometrical operation of
trapezoidal fuzzy numbers [70]. In this paper, we utilized the modified geometrical distance with
parameter p = 2 that can meet the concept of the classical distance in order to solve the distance between
two TFNs. Based on the concept, the distance between two triangular fuzzy numbers Ai = (ci, ai, bi)

and Ak = (ck, ak, bk) with distance parameter p = 2 can be denoted as D(Ai, Ak),

D(Ai, Ak) =
{1

4
[(ci − ck)

2 + 2(ai − ak)
2 + (bi − bk)

2]
} 1

2
(5)

3.3. Linguistic Values

The concept of linguistic values is very useful in handling situations that are too complex or
ill-defined to be reasonably described in conventional quantitative expressions [71]. In this paper,
the appraisal of the imprecise relationship between each technical improvement and each advertising
value request is represented by a linguistic value. The triangular fuzzy numbers defined on [0,1] and/or
the linguistic values characterized by triangular fuzzy numbers defined on [0,1] are utilized to convey
the suitability evaluation of alternatives versus criteria.

We can subjectively define the TFNs used to characterize the linguistic values before experts
who participated in the QFD decision-making process. Herein, the appraisal set S = {Very low, Low,
Medium, High, Very high} is employed. The TFNs corresponding to these linguistic values are Very
low = (0, 0, 0.2), Low = (0, 0.2, 0.4), Medium = (0.3, 0.5, 0.7), High = (0.6, 0.8, 1), Very high = (0.8, 1, 1).

3.4. Fuzzy Grey Relational Analysis

The outline of FGRA [8,72] can be summarized as follows. Suppose the number of evaluation
objects is n, the number of evaluation indexes is m. Let Yij = (cij, aij, bij) be the fuzzy evaluation values
of object Fj for index Ci. The referential sequence Y0 = (Y10, Y20, . . . , Yi0, . . . , Yn0), the comparative
sequence Yj = (Y1j, Y2j, . . . , Yij, . . . , Ynj), where 0 ≤ ci j ≤ ai j ≤ bi j ≤ 1; i = 1, 2, . . . , n; j = 1, 2, . . . , m.

(1) For benefit-index Ci

Yi0 = (ci0, ai0, bi0) =

(
max

j

{
ci j

}
, max

j

{
ai j

}
, max

j

{
bi j

})
(6)

(2) For cost-index Ci

Yi0 = (ci0, ai0, bi0) =

(
min

j

{
ci j

}
, min

j

{
ai j

}
, min

j

{
bi j

})
(7)

The sequence difference between Yi0 and Yij can be obtained by the Equation (5).

d0 j(i) = D
(
Yi0, Yi j

)
(8)
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Next step is to calculate grey relational coefficient (GRC). The GRC is a numeric that can be
used to assess grey relational level of comparative sequence and referential sequence at a designated
observation point. The GRC, γ(Yi0, Yij), of Y0 and Yj at indicator Ci, can now be defined as

γ
(
Yi0, Yi j

)
= (min

j
min

i
d0 j(i) + ξ max

j
max

i
d0 j(i))/(d0 j(i) + ξ max

j
max

i
d0 j(i)) (9)

ξ is the distinguished coefficient (ξ ∈ [0, 1]). It can be used to help make better distinction between
normalized reference series and normalized comparative series. In general, ξ = 0.5 provides better
results when the relative conditions among series and elements are uncertain.

The grey relational grade (GRG) in a comparative sequence Yj corresponding to referential
sequence Y0 can be defined as

γ
(
Y0, Y j

)
=

∑n

i=1
Pi × γ

(
Yi0, Yi j

)
(10)

where Pi denotes the standardized weight (
∑n

i=1 Pi = 1) of indicator Ci.

3.5. Fuzzy Quality Function Deployment Approach

Since the technical improvements presented in this article are independent, a Japanese-style HoQ
(eliminating the correlation matrix) will be employed to develop the procedures of this article. In this
section, the five steps that integrating FQFD and FGRA approach for advertising value requires based
on the HoQ planning matrix is established. Figure 3 presents the overall structure of the method.
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𝑑0𝑗(𝑖) = 𝐷(𝑌𝑖0, 𝑌𝑖𝑗) (8) 

Next step is to calculate grey relational coefficient (GRC). The GRC is a numeric that can be used 

to assess grey relational level of comparative sequence and referential sequence at a designated 
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𝑗
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𝑖
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𝑗
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𝑖
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+ 𝜉 max
𝑗

max
𝑖

𝑑0𝑗(𝑖)) 
(9) 

ξ is the distinguished coefficient (ξ ∈ [0,1]). It can be used to help make better distinction 

between normalized reference series and normalized comparative series. In general, ξ = 0.5 provides 

better results when the relative conditions among series and elements are uncertain. 

The grey relational grade (GRG) in a comparative sequence Yj corresponding to referential 

sequence Y0 can be defined as 

γ(𝑌0, 𝑌𝑗) =∑ 𝑃𝑖 × 𝛾(𝑌𝑖0, 𝑌𝑖𝑗)
𝑛

𝑖=1
 (10) 

where Pi denotes the standardized weight (∑ 𝑃𝑖 = 1𝑛
𝑖=1 ) of indicator Ci. 

3.5. Fuzzy Quality Function Deployment Approach 

Since the technical improvements presented in this article are independent, a Japanese-style 
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In this section, the five steps that integrating FQFD and FGRA approach for advertising value 
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Figure 3. Integrating fuzzy quality function deployment (FQFD) and fuzzy grey relational analysis
(FGRA) approach for advertising effectiveness improving.

Step 1: Identification of “what” are advertising effectiveness requirements or VOCs.

In step one, the decision makers have first to decide the set of n requirements for customer needs.
It means decision makers identify customer requirements and related technical requirements of the
CEBC that influence the performance and satisfaction of advertisement in this research.

Step 2: Calculate the priorities of users’ needs for advertising effectiveness

The importance and satisfaction levels for each customer’s advertising value needs are surveyed
by 5-point Likert scales in this article. It can evaluate the inconsistencies between perceived levels of
importance and the satisfaction-related attributes of users’ needs. Then, calculate each weight of need
and convert to standardized weight. The calculating concepts is based on the critical VOCs were those
with higher importance levels and lower satisfaction levels, which implied that the advertising quality
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of the users’ needs in question should be improved. Therefore, importance and satisfaction will be
considered together in the weight calculation process.

Let Iir and Sir, i = 1, 2, . . . , n; r = 1, 2, . . . , p be the importance and satisfaction levels given to
advertising value need Ai by the rth respondent. The priority ratio of advertising value needs has
a positive relationship with the importance, and has an inverse relationship with the satisfaction,
therefore the priority ratio Wi of advertising value need Ai is

Wi = Ii(T + 1− Si), where Ii =
∑p

r=1
Iir/p and Si =

∑p

r=1
Sir/p (11)

where T is the maximum value of the scale for evaluating the satisfaction levels. A 5-point Likert scale
is used in this article, therefore the T = 5. The standardized priority ratio Pi of advertising effectiveness
need Ai is

Pi = Wi/
∑n

i=1
Wi (12)

Step 3: Develop the technique improvements (TI) to meet the customer’s needs for advertising value

The technical improvements are the list of actions that can be implemented to improve the
performance of the advertising value. The technical improvements are those related to how a firm (i.e.,
CEBC) is going to meet those customer wants. The technical improvements for enhancing the advertising
value of CEBCs will be identified through relevant academic literature and experts’ suggestions.

Step 4: Determine the advertising effectiveness needs and TIs relationship matrix.

The relationship between each pair of advertising value needs and TIs explains the degree of
influence that TIs can technically influence advertising value needs. The degree of influence between
each pair can be evaluated by the experts in the related working area. The fuzzy relationship matrix
can be used to describe the relationships of all advertising value needs and TIs follows the linguistic
value of TFNs.

Let the degree of fuzzy relationship value evaluate between the advertising effectiveness need Ai,
and the TIs Tj be Ri jk =

(
ci jk, bi jk, ai jk

)
, i = 1, 2, . . . , n; j = 1, 2, . . .m; k = 1, 2, . . . , q by the experts Ek.

The fuzzy relationship strength Rij in the fuzzy relationship matrix can be obtained by
Ri j =

∑q
k=1 Ri jk/q =

(
ci j, bi j, ai j

)
, where

ci j =
∑q

k=1
ci jk/q, ai j =

∑q

k=1
ai jk/q, bi j =

∑q

k=1
bi jk/q (13)

Since the TIs presented in this article are almost independent, the standard HoQ process of
“how-how” relationship is excluded.

Step 5: Computing the GRG and obtain the priority of TIs.

After obtaining a fuzzy relationship matrix by step 4, the referential sequence and comparative
sequences could be determined. Finally, according to the GRGs results and ranking, the TIs could
be obtained.

4. Case Application

In this section, a case study advertising effectiveness enhancing is employed to demonstrate the
computational processes described above. The applied FGQFD approach is empirically implemented
as follows.

In this study, two kinds of questionnaires were designed to explore what are the customers’
needs for advertising effectiveness and how the technique requirements for improving the advertising
effectiveness can be achieved. In the stage 1 survey, the questions are designed by using evaluation
criteria of advertising effectiveness (Table 2) as basis, and 17 advertising effectiveness’s needs for CEBC
were used to design the questionnaires. All responses were ranked on a five-point Likert-type scale
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anchored by the level of importance (satisfaction) such that 1 = very unimportant (very unsatisfied) and
5 = very important (very satisfied). This survey was distributed to 300 users of CEBC and 250 copies
were returned. After inspection, a total of 225 valid questionnaires were recovered. The effective rate
is 75%. From the results of demographic variables analysis in this study, women accounted for 61%
of all respondents; age distribution of 26 to 40 years is 55.7%. Education is mostly university-based,
showing a high level of education in the industry. Years of purchasing experience of 2–4 years accounts
for 30.2%. Marital status, mostly unmarried persons (65.6%). Most have an annual income personal
year of 600K dollars (27.7%).

This study uses Cronbach’s α to measure internal consistency of variables. According to Guilfold
(1971) who proposed, if Cronbach’s α is greater than 0.7 indicates a very high reliability. In this
study, each scale’s reliability is 0.80 or more. It is showing that each scale has a very high reliability
(as shown in Table 2). In addition, the dimensions and questions of the questionnaire are reviewed
from relevant literatures and interviews with experts in related fields. Before the questionnaire was
distributed, a total of 30 customers, the users of CEBC and academics were invited to revise the
questions. Therefore, the questionnaire of this study has content validity. In the stage 2 survey,
by combining the user’s needs and technique requirements, a relationship matrix table was constructed
to evaluate the relationship strength. There are 6 CEBC managers and experts their work experience
connected to Internet marketing.

Based on the steps described in Section 3, the tackling process and study results are summarized
as follows:

Step 1: Identification of advertising effectiveness requirements or VOCs.

Following a review of the academic literature, from Section 2, consideration of the CEBC advertising
effectiveness evaluation criteria, and consulting with specialist scholars and experts in advertising
effectiveness. The four major aspects, attitude toward the advertisement, attitude toward the brand,
advertisement memory, and purchase intention, including 17 attributes of advertising effectiveness for
CEBC were are summarized and explained in Table 2.

Step 2: Calculate the priorities of customer’s needs for advertising effectiveness

The importance and satisfaction levels for each customer’s advertising effectiveness needs are
surveyed by 5-point of the Likert scales in this article. It can evaluate the inconsistencies between
perceived levels of importance and the satisfaction-related attributes of value needs. Then, calculate
each weight of need and convert to standardized weight. Table 2 shows the results of importance
weights (Ii) and satisfaction weights (Si) of all advertising effectiveness needs of customers. The original
weights (Wi), and standardized weights (Pi) also can be obtained by the equ.11 and 12. From the
result of satisfaction weights and importance weights, we can fine the cognitive satisfaction of the
advertising effectiveness attributes is lower than the importance, so the performance improvement can
be performed. The top five standardized weights item are: R15. Seeing the advertisement raised my
interest in buying the product; R3. I think the way the advertisement was presented can effectively
convey the message; R7. After seeing the advertisement, I like the advertised brand even more;
R1. I was impressed by the advertisement; and R5. The advertisement is pleasing.

Table 2. Constructs, scale items, and standard weight of advertising effectiveness.

Constructs Scale Items Important Satisfaction Weight Std. Weight Rank

Attitude
toward the

advertisement
(α = 0.909)

-I was impressed by the advertisement. 4.006 3.468 10.143 0.05999 4
-I am willing to watch the advertisement again. 3.945 3.459 10.024 0.05929 6
-I think the way the advertisement was presented
can effectively convey the message. 4.147 3.440 10.616 0.06279 2

-I can clearly understand the message of the
advertisement. 4.073 3.605 9.755 0.05770 14

-The advertisement is pleasing. 4.055 3.523 10.044 0.05941 5
-I will use the information in the advertisement. 3.963 3.529 9.793 0.05792 12
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Table 2. Cont.

Constructs Scale Items Important Satisfaction Weight Std. Weight Rank

Attitude
toward the

brand
(α = 0.891)

-After seeing the advertisement, I like the
advertised brand even more. 4.135 3.495 10.358 0.06126 3

-After seeing the advertisement, I will pay more
attention to the brand. 3.789 3.394 9.874 0.05840 11

-After seeing the advertisement, my impression of
it is reinforced. 3.789 3.385 9.907 0.05860 9

Advertisement
memory

(α = 0.888)

-I can remember most of the advertising content. 3.725 3.383 9.748 0.05766 15
-The advertisement reinforced my impression of
the product. 4.037 3.546 9.907 0.05859 10

-I can describe the advertising content. 4.184 3.629 9.920 0.05867 8
-I will remember this advertisement if I encounter
a similar advertisement. 4.083 3.606 9.775 0.05781 13

Purchase
intention

(α = 0.875)

-After seeing the advertisement, I am willing to
try the product. 3.954 3.486 9.940 0.05879 7

-Seeing the advertisement raised my interest in
buying the product. 4.108 3.404 10.664 0.06307 1

-After seeing the advertisement, I will purchase
the advertised product. 3.734 3.560 9.112 0.05390 17

-I will recommend the product to my friends 3.862 3.542 9.492 0.05614 16

Step 3: Develop the technique improvements (TI) to meet the customer’s needs for advertising effectiveness

The technical improvements are the list of actions that can be implemented to improve the
performance of the advertising value. The technical improvements are those related to how a firm
(i.e., CEBC) is going to meet those customer wants. The technical improvements for enhancing the
advertising value of CEBCs will be identified through relevant academic literature of Section 2 and
the suggestions from the survey of 6 CEBC managers and experts their work experience connected
to Internet marketing. Three suggested dimensions were obtained, with 4 constructs including
10 technical improvements for improving advertising effectiveness quality shown in Table 3.

Step 4: Determine the advertising effectiveness needs and TIs relationship matrix.

The relationship between each pair of advertising effectiveness needs and TIs explains the degree of
influence that TIs can technically influence advertising effectiveness needs. By the second questionnaire,
a relationship matrix combining the 17 users’ needs and 10 TIs for advertising effectiveness was
constructed to assess the fuzzy relationship degree of each technical improvement versus each users’ needs.
Five linguistic values characterized by TFNs were then used to gauge the fuzzy relationship strength of
each users’ need Ai versus technical improvement Tj. The data obtained from the 6 respondents were used
to compile a fuzzy relationship matrix Ri j (Equation (13)). Table 4 shows the fuzzy relationship matrix.

Table 3. The technical improvements.

Constructs Scale Items Description References

Informativeness

-The advertisement provides information
relevant to the product.
-The advertisement provides up-to-date
information on the product.

Information is defined as the degree to which
advertisements can satisfy the complete
information of consumers’ products.

[2,4,23]

Entertainment

-The advertisement provides new and
interesting content.
-The advertisement makes people feel
relaxed.
The advertisement is pleasing.

In the design of advertisements, consumers can
feel comfortable and happy when browsing. In
the design of advertisements, consumers can
feel comfortable and happy when browsing.
Including interesting content, pleasant feelings,
and relaxed mood.
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Table 3. Cont.

Constructs Scale Items Description References

Interactivity

-The advertisement allows people to easily
communicate with the vendor.
-The advertisement can interact with users.
-The advertisement allows for user
engagement.

The buyer believes that there is a high degree of
participation, interaction and communication
between the buyer and the vendor. Including
interactive advertising, contact and
communication with vendor, and user
engagement.

Credibility -The advertising content is trustworthy.
-The advertising content is true.

Consumers’ judgment on the degree of trust in
advertising content.

Step 5: Computing the GRG and obtain the priority of TIs.

After obtaining a fuzzy relationship matrix by step 4, the referential sequence (Y0) and comparative
sequences D(Ri0,Rij) could be determined by Equation (6) and Equation (5), see Table 5. Finally,
according to the GRGs results, Equation (10) and ranking GRGs, see Table 6 and Figure 4, the technical
improvements could be obtained. The empirical results showed that the top 7 of the best technical
improvements for enhancing CBEB advertising effectiveness are as follows: T10. The advertising
content is true (Credibility); T1. The advertisement provides information relevant to the product
(Informativeness); T3. The advertisement provides new and interesting content (Entertainment);
T5. The advertisement is pleasing. (Entertainment); T7. The advertisement can interact with users
(Interactivity); T8. The advertisement allows for user engagement (Interactivity); T9. The advertising
content is trustworthy (Credibility).
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Table 4. Fuzzy relationship matrix.

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

R1 (0.575, 0.775, 0.925) (0.3, 0.45, 0.6) (0.625, 0.825, 0.925) (0.225, 0.375, 0.525) (0.55, 0.75, 0.85) (0.3, 0.45, 0.6) (0.225, 0.425, 0.625) (0.3, 0.45, 0.6) (0.225, 0.375, 0.525) (0.425, 0.625, 0.775)

R2 (0.65, 0.85, 1) (0.15, 0.3, 0.45) (0.525, 0.725, 0.925) (0.075, 0.225, 0.375) (0.425, 0.625, 0.775) (0.15, 0.3, 0.45) (0.15, 0.3, 0.45) (0.225, 0.375, 0.525) (0.225, 0.325, 0.475) (0.5, 0.7, 0.85)

R3 (0.375, 0.575, 0.775) (0.075, 0.225, 0.375) (0.225, 0.375, 0.525) (0.075, 0.225, 0.375) (0.45, 0.65, 0.85) (0.225, 0.375, 0.525) (0.375, 0.575, 0.775) (0.225, 0.375, 0.525) (0.225, 0.375, 0.525) (0.35, 0.55, 0.7)

R4 (0.375, 0.575, 0.775) (0.075, 0.225, 0.375) (0.375, 0.575, 0.775) (0.15, 0.25, 0.4) (0.45, 0.65, 0.85) (0.3, 0.45, 0.6) (0.525, 0.725, 0.925) (0.3, 0.45, 0.6) (0.375, 0.575, 0.775) (0.5, 0.7, 0.85)

R5 (0.3, 0.5, 0.7) (0, 0.15, 0.3) (0.225, 0.375, 0.575) (0.15, 0.3, 0.5) (0.225, 0.375, 0.525) (0.15, 0.3, 0.45) (0.3, 0.5, 0.7) (0.225, 0.325, 0.475) (0.3, 0.45, 0.6) (0.375, 0.575, 0.775)

R6 (0.375, 0.575, 0.775) (0, 0.15, 0.3) (0.225, 0.425, 0.625) (0.075, 0.175, 0.325) (0.225, 0.375, 0.525) (0.15, 0.25, 0.4) (0.45, 0.65, 0.85) (0.225, 0.325, 0.475) (0.3, 0.4, 0.55) (0.3, 0.5, 0.7)

R7 (0.3, 0.5, 0.7) (0.075, 0.275, 0.475) (0.3, 0.5, 0.7) (0.075, 0.175, 0.325) (0.3, 0.5, 0.7) (0.15, 0.25, 0.4) (0.3, 0.5, 0.7) (0.225, 0.325, 0.475) (0.3, 0.4, 0.55) (0.3, 0.5, 0.7)

R8 (0.225, 0.425, 0.625) (0.075, 0.225, 0.375) (0.225, 0.425, 0.625) (0.075, 0.175, 0.325) (0.3, 0.5, 0.7) (0.15, 0.25, 0.4) (0.15, 0.3, 0.45) (0.225, 0.325, 0.475) (0.225, 0.375, 0.525) (0.3, 0.45, 0.65)

R9 (0.3, 0.5, 0.7) (0.075, 0.225, 0.375) (0.3, 0.5, 0.7) (0.225, 0.425, 0.625) (0.45, 0.65, 0.85) (0.575, 0.775, 0.925) (0.45, 0.65, 0.85) (0.575, 0.775, 0.925) (0.575, 0.775, 0.925) (0.225, 0.375, 0.525)

R10 (0.225, 0.425, 0.625) (0, 0.1, 0.25) (0.375, 0.575, 0.775) (0.15, 0.3, 0.5) (0.225, 0.375, 0.525) (0.425, 0.575, 0.725) (0.3, 0.45, 0.65) (0.5, 0.65, 0.8) (0.5, 0.7, 0.85) (0.3, 0.45, 0.65)

R11 (0.375, 0.575, 0.775) (0, 0.1, 0.25) (0.375, 0.575, 0.775) (0.15, 0.3, 0.5) (0.3, 0.5, 0.7) (0.35, 0.5, 0.65) (0.225, 0.325,0.475) (1.225, 0.475, 0.675) (0.15, 0.3, 0.5) (0.3, 0.45, 0.65)

R12 (0.45, 0.65, 0.85) (0.15, 0.3, 0.45) (0.525, 0.725, 0.925) (0.225, 0.375, 0.575) (0.45, 0.65, 0.85) (0.575, 0.775, 0.925) (0.375, 0.525, 0.675) (0.5, 0.7, 0.85) (0.3, 0.45, 0.6) (0.225, 0.375, 0.525)

R13 (0.225, 0.375, 0.525) (0.15, 0.3, 0.45) (0.375, 0.575, 0.775) (0.225, 0.325, 0.475) (0.225, 0.375, 0.525) (0.225, 0.375, 0.525) (0.3, 0.45, 0.6) (0.375, 0.575, 0.775) (0.225, 0.375, 0.525) (0.3, 0.45, 0.6)

R14 (0.5, 0.7, 0.85) (0.35, 0.55, 0.7) (0.3, 0.5, 0.7) (0.15, 0.25, 0.4) (0.3, 0.5, 0.7) (0.225, 0.375, 0.525) (0.375, 0.575, 0.775) (0.225, 0.375, 0.525) (0.15, 0.3, 0.45) (0.45, 0.65, 0.85)

R15 (0.3, 0.4, 0.55) (0.35, 0.55, 0.7) (0.225, 0.325, 0.475) (0.15, 0.25, 0.4) (0.15, 0.3, 0.45) (0.15, 0.3, 0.45) (0.15, 0.3, 0.45) (0.15, 0.3, 0.45) (0.15, 0.3, 0.45) (0.375, 0.525, 0.725)

R16 (0.3, 0.45, 0.6) (0.225, 0.425, 0.625) (0.375, 0.575, 0.775) (0.15, 0.25, 0.4) (0.375,0.525, 0.675) (0.225, 0.325, 0.475) (0.45, 0.65, 0.85) (0.15, 0.25, 0.4) (0.225, 0.375, 0.525) (0.45, 0.65, 0.85)

R17 (0.425, 0.575, 0.725) (0.15, 0.25, 0.4) (0.3, 0.4, 0.55) (0.3, 0.45, 0.65) (0.3, 0.5, 0.7) (0.225, 0.375, 0.525) (0.3, 0.5, 0.7) (0.225, 0.325, 0.475) (0.225, 0.375, 0.525) (0.45, 0.65, 0.85)
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Table 5. Deviation sequences.

Referential Sequence (Y0) T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

R1 (0.625,0.825,0.925) 0.0433 0.3509 0.0000 0.4257 0.0750 0.3509 0.3775 0.3509 0.4257 0.1887

R2 (0.650,0.850,1.000) 0.0000 0.5379 0.1146 0.6129 0.2250 0.5379 0.5379 0.4630 0.5019 0.1500

R3 (0.450,0.650,0.850) 0.0750 0.4265 0.2773 0.4265 0.0000 0.2773 0.0750 0.2773 0.2773 0.1146

R4 (0.525,0.725,0.925) 0.1500 0.5012 0.1500 0.4657 0.0750 0.2773 0.0000 0.2773 0.1500 0.0433

R5 (0.375,0.575,0.775) 0.0750 0.4265 0.1887 0.2634 0.2031 0.2773 0.0750 0.2437 0.1299 0.0000

R6 (0.450,0.650,0.850) 0.0750 0.5012 0.2250 0.4657 0.2773 0.3913 0.0000 0.3172 0.2437 0.1500

R7 (0.300,0.500,0.700) 0.0000 0.2250 0.0000 0.3172 0.0000 0.2437 0.0000 0.1714 0.1031 0.0000

R8 (0.300,0.500,0.700) 0.0750 0.2773 0.0750 0.3172 0.0000 0.2437 0.2031 0.1714 0.1299 0.0433

R9 (0.575,0.775,0.925) 0.2634 0.5379 0.2634 0.3382 0.1146 0.0000 0.1146 0.0000 0.0000 0.3881

R10 (0.500,0.700,0.850) 0.2634 0.5766 0.1146 0.3758 0.3132 0.1146 0.2264 0.0433 0.0000 0.2264

R11 (1.225,0.575,0.775) 0.4250 0.7462 0.4250 0.5879 0.4670 0.4451 0.5511 0.0866 0.5879 0.4750

R12 (0.575,0.775,0.925) 0.1146 0.4630 0.0433 0.3758 0.1146 0.0000 0.2385 0.0750 0.3132 0.3881

R13 (0.375,0.575,0.775) 0.2031 0.2773 0.0000 0.2437 0.2031 0.2031 0.1299 0.0000 0.2031 0.1299

R14 (0.500,0.700,0.850) 0.0000 0.1500 0.1887 0.4272 0.1887 0.3132 0.1146 0.3132 0.3881 0.0433

R15 (0.375,0.550,0.725) 0.1425 0.0177 0.2158 0.2899 0.2506 0.2506 0.2506 0.2506 0.2506 0.0177

R16 (0.450,0.650,0.850) 0.2031 0.2250 0.0750 0.3913 0.1299 0.3172 0.0000 0.3913 0.2773 0.0000

R17 (0.450,0.650,0.850) 0.0829 0.3913 0.2437 0.1887 0.1500 0.2773 0.1500 0.3172 0.2773 0.0000
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Table 6. Grey relational coefficient.

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

R1 0.8310 0.3776 1.0000 0.3333 0.7395 0.3776 0.3606 0.3776 0.3333 0.5300

R2 1.0000 0.3629 0.7279 0.3333 0.5766 0.3629 0.3629 0.3983 0.3791 0.6714

R3 0.7398 0.3333 0.4347 0.3333 1.0000 0.4347 0.7398 0.4347 0.4347 0.6505

R4 0.6256 0.3333 0.6256 0.3499 0.7697 0.4748 1.0000 0.4748 0.6256 0.8527

R5 0.7398 0.3333 0.5305 0.4474 0.5122 0.4347 0.7398 0.4667 0.6214 1.0000

R6 0.7697 0.3333 0.5269 0.3499 0.4748 0.3904 1.0000 0.4414 0.5070 0.6256

R7 1.0000 0.4135 1.0000 0.3333 1.0000 0.3943 1.0000 0.4806 0.6061 1.0000

R8 0.6789 0.3639 0.6789 0.3333 1.0000 0.3943 0.4385 0.4806 0.5497 0.7855

R9 0.5052 0.3333 0.5052 0.4430 0.7013 1.0000 0.7013 1.0000 1.0000 0.4093

R10 0.5226 0.3333 0.7156 0.4341 0.4793 0.7156 0.5602 0.8694 1.0000 0.5602

R11 0.5760 0.4107 0.5760 0.4784 0.5472 0.5618 0.4974 1.0000 0.4784 0.5420

R12 0.6690 0.3333 0.8424 0.3812 0.6690 1.0000 0.4926 0.7553 0.4250 0.3736

R13 0.4057 0.3333 1.0000 0.3626 0.4057 0.4057 0.5163 1.0000 0.4057 0.5163

R14 1.0000 0.5875 0.5309 0.3333 0.5309 0.4054 0.6509 0.4054 0.3550 0.8314

R15 0.5657 1.0000 0.4509 0.3740 0.4111 0.4111 0.4111 0.4111 0.4111 1.0000

R16 0.4907 0.4651 0.7229 0.3333 0.6010 0.3815 1.0000 0.3333 0.4137 1.0000

R17 0.7024 0.3333 0.4454 0.5090 0.5660 0.4137 0.5660 0.3815 0.4137 1.0000
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5. Discussion

In this study, techniques for improving and enhancing the quality of advertising effectiveness
between e-commerce platforms and users were proposed by combining fuzzy quality function
deployment (FQFD) and fuzzy grey relational analysis (FGRA). The top five techniques for improving
advertising effectiveness were “10. The advertising content is true”, “1. The advertisement
provides information relevant to the product”, “3. The advertisement provides new and interesting
content”, “5. The advertisement is pleasing”, and “7. The advertisement can interact with users”.
The recommendations for the quality improvements are as below:

5.1. Strengthening Customer Trust

Trust is crucial between businesses and consumers. Consumers’ trust must be considered during
web advertising. For consumers, the first impression of the advertised product or company can
develop a sense of truthfulness. Thus, advertising reliability is consumers’ first internal feeling
toward a product or company and thus merits attention. Methods for reinforcing customers’ trust in
advertising are: 1) Maintaining connections with customers, using informational devices to respond to
customers’ suggestions anytime, and using automated functions to rapidly solve problems with high
repetition rates—when customers browse advertisements on the desired product or raise questions,
timely recommendations or responses can prevent a company’s reputation and credibility from being
affected by customers losing patience or doubting the advertisement. 2) Recommending reliable
products involves obtaining and analyzing the contents of clicked advertisements by using information
technology to understand consumers’ habits, provide for customers’ needs in a timely and accurate
manner, and reduce customers’ selection barriers. 3) Facing customers honestly by establishing
customer trust and accounting for the strengths and weaknesses of offered products with accurate
descriptions of product functions and specs is key, and advertisements that fail to honestly impart
a product’s suitability severely affect the customers’ sense of trust. Finally, 4) ensuring the consistency of
advertised messages enhances a brand’s value in consumers’ minds from consistency across advertised
messages. Thus, businesses use various advertising and communication channels to convey company
values through consistency across brand concepts, trademarks, and packaging.

5.2. Providing Product and Brand Information

Consumers can accelerate their understanding of products through web advertisement links or by
searching for information online. Furthermore, after receiving and using the product, consumers can
quickly share their experiences and product information on the Internet. Therefore, advertisements
that vendors proactively release or alternative advertisements shared by consumers all provide
product information. The lives of consumers nowadays are closely connected with the Internet,
and many activities are conducted over the Internet; therefore, providing product advertisements
on every platform that allows consumers to obtain information quickly is necessary. For instance,
establishing a website to provide comprehensive product information through advertisements allows
consumers to find products on the Internet. Another approach to providing advertising messages
is establishing a membership system to enable businesses to understand consumer preferences
through their purchase history and provide recommendations by pushing advertisements or shopping
information. Furthermore, the greatest trait of online consumers is their love of sharing. The transition
of passive acceptance in the past to the current trend of active engagement enables businesses to use this
trait and allow consumers to share their opinions on websites, another product advertisement platform.

5.3. Providing New and Interesting Advertising Content

Cross-regional e-commerce has a large number of users with different traits. Knowing users’
interests and preferences is the biggest difference between e-commerce advertisements and past
traditional advertising platforms. Therefore, beyond basic demographic variables such as age, gender,
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and area, target audiences can be specified by interest when designing advertisements. Specifying
target audiences by interest can reduce marketing costs and generate effective advertisements because
of precise audience targeting. Although consumers’ interests may not indicate intentions to purchase
products, designing new and interesting content (headlines, visual elements, copywriting, and a clear
call to action) or marketing combination (discount promotions, exclusive offers, or value propositions)
increase consumers’ value perceptions. Consumers are then redirected to landing pages to increase the
time in which consumers pay attention to the advertisement to achieve consumer conversion goals.

5.4. Pleasing Advertisements

Common strategies for effectively designing highly attractive advertising content or posts include
visual elements, content relevance, value propositions, and a clear call to action. Visual advertisement
design is a key task for modern people. While reading in particular, people tend to prefer visual messages
over pure text in visual design. However, despite a preference for visual messages, consumers can easily
dismiss product pictures. Pictures must be clear and easy to identify, and slogans on the image must
be simple, mainly because users do not have the patience to finish reading excessive text, which may
lead to mix-ups and loss of focus. Therefore, pleasing advertisements bring feelings of enjoyment to
consumers. Furthermore, advertisements’ overall relevance is another key factor. The relevance of the
advertisement components—visual elements, copywriting, and a call to action—should be ensured
during creation to promote the product or brand. What values the company brand or product can
provide customers or what problems can be resolved should be considered when presenting a value
proposition. Finally, when consumers or visitors identify with advertisements and are willing to learn
more about the product, a clear call to action guiding consumers toward landing pages is the most
critical step.

5.5. Interactive Advertisements

Interactive advertisements use interactive media, either online or offline, for sales promotions and
thereby affect consumers’ buying decisions. Compared with traditional advertising content marketing,
which focuses on one-way or passive approaches, interactive content drives consumers to actively
enter preplanned advertising content. The interactive content can provide information through easily
absorbable and understandable approaches, which enable consumers to obtain immediate results that
are highly relevant to themselves. Many types of interactive content, including interactive games,
tests, and dynamic catalogues, are often used during the initial stage of learning about a product.
Information charts or e-books provided during the customer consideration period assist with product
configuration or plans to accelerate customers’ purchasing behavior.

The key to interactive execution is to reinforce the memory of the advertised product in
a competitive market by transforming words into a form that consumers can quickly grasp and
that rapidly captures consumers’ attention. Businesses can use interactive approaches to encourage
active engagement by consumers, which naturally extends the time that consumers spend on websites
and develop feelings and trust for products. Interactive approaches may even achieve social marketing
diffusion through sharing on social networking sites.

6. Conclusions

Scholars have prevalently used statistical analyses and models to examine the effect on improving
advertising effectiveness and provide a further understanding of factors that influence advertising
performance. However, guiding businesses to use relevant techniques to improve advertising
effectiveness under limited resources requires an objective and coherent evaluation model to aid
decision-making. Therefore, this study used advantages from triangular fuzzy numbers to process
the uncertainty of human opinions. This facilitated the design of a new approach based on FQFD
and FGRA to select techniques for improving advertising effectiveness. QFD typically focuses on the
product design process that effectively transforms customer needs into design requirements.
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In this study, the method integrated FQFD and FGRA and designed five steps to obtain the priority
of technical solutions. The analysis of advertising effectiveness improvement revealed that platform
users focused on five dimensions: the truthfulness of advertising content, whether the advertisement
provides information relevant to the product and brand, whether the advertisement provides new and
interesting content, whether the advertisement is pleasing, and whether the advertisement can interact
with users.

The methods proposed in this study provided the following theoretical and practical contributions
for cross-regional e-commerce platform managers and advertisement designers:

(1) The proposed application of the FQFD model for improving advertising effectiveness is novel
and original.

(2) When the management team improves performance, the model provides a TI priority reference.
(3) While adopting a classic FQFD framework and referencing advertising effectiveness indices,

a practical model is developed in this paper from expert and business suggestions.
(4) This study used an actual case to verify the proposed approach, which enables businesses to

design advertisements based on their needs.

This study has two limitations as follows. First, the CBEC enterprise should be able to identify
the TIs that can be really implemented in the company. Second, if the CEBC enterprise does not have
sufficient capabilities or professional knowledge to evaluate the relationship between whats and hows,
it will consequently affect the priority list of TIs to be implemented and cause the company to fail to
achieve the quality improvement goals. Suggestions for further research are as follows. First of all,
we can consider technical improvement capabilities to design TIs which will be more suitable for the
needs of users. Secondly, this article only applies the proposed method to CBEC case studies. It should
be able to try to be practically applied in various situations in many industries. Finally, this study uses
fuzzy theory as the calculation tool to design the method, and then it can be carried out using rough
theory or neural networks methods.
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