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Abstract: In the face of an ever-changing global market, companies able to launch new products
meeting consumer needs faster than their competitors may not only gain a larger market share, but
also shorten the development cycle to reduce costs. However, there are currently no universal design
strategies and tools for evaluating the design of consumer products. Therefore, the purpose of this
study is mainly to formulate a systematic and innovative product design strategy and evaluation
tool, so that designers can use them to select the key factors when designing consumer products and
design products that meet customer needs in the shortest development cycle. First of all, this study
was designed to sort out general design methods and influencing factors in consumer product design
based on theoretical analysis and expert interviews. Next, a questionnaire survey of 15 design-related
experts and scholars was conducted, and the most important design methods and design factors
were selected using the Fuzzy Delphi Method (FDM). After that, the analytical network process
(ANP) method was used to obtain the priority weight of each design factor, and select the optimal
product design strategy, QTPCP, and the deciding elements that affect consumer demand for products,
including 2 dimensions, 11 design elements, and 38 design factors, making theoretical contributions
to product design management. The design strategies and evaluation tools developed according to
the conclusions are helpful in comprehensive planning and design selection for products of different
natures, and make practical contributions, enabling product developers or designers to efficiently
select the optimal product design when faced with different new product designs.

Keywords: product design method; design factor; Fuzzy Delphi Method; analytic network process
method

1. Introduction

Consumer products refer to products provided for end consumers to use. In recent
years, they have been widely used in daily life, from household cleaning and sanitary
products, personal products and other general consumer products related to people’s
livelihood, to quality goods, clothing, and consumer electronics, with a very wide range,
and the output value is even more difficult to estimate [1].

Facing the ever-changing global market, companies able to shorten the development
cycle and launch new consumer products faster than their competitors gain a larger market
share. Fan Miao et al. (2005) [2] believed that the implementation of the rapid R&D strategy
can not only give the company an advantage in operation, but also make the company a
competitor with the ability to respond quickly. As respondents’ preferences are relatively
abstract, their judgments are subjective and vague. In order to avoid the influence of the
limit value produced by the traditional Delphi method, the Fuzzy Delphi Method (FDM)
was adopted in this study, and the group’s preference relationship was utilized to select
the optimal solution, so as to formulate a set of thoughtful design strategies. Then, while
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designing consumer products, designers can use this set of design strategies, with the aid
of the latest software and hardware tools, to effectively manage the quality of each item
in the shortest development cycle, and design innovative products that meet the needs
of consumers.

The selection from innovative product design alternatives is a multi-criteria decision-
making issue. In the past, designers often relied on personal experience or intuition to
deal with the issue, and could not model or quantify the theme. Based on the Analytic
Hierarchy Process (AHP), the Analytic Network Process (ANP), in which the influence
between adjacent layers is taken into consideration and the mixed weights are comprehen-
sively analyzed by using the super-matrix, is an effective tool for solving complex problems
and making decisions. The research methods adopted in this study include: (1) an expert
questionnaire survey: related researches on product design were reviewed and analyzed
and the opinions of experts in this field were collected through interviews, to develop rele-
vant evaluation factors; (2) the Fuzzy Delphi (FDM) was used to screen out the important
evaluation criteria based on the expert questionnaire survey; (3) the Analytical Network
Process (ANP): first, a hierarchical structure was established for the selection mode of
product design alternatives, and the interdependence between alternatives and criteria was
considered, and the Analytical Network Process was used to obtain the priority weight of
each alternative as the basis for selecting the optimal solution in the future, allowing the
company to reduce cost considerably and make greater profits in the future.

This innovative product design strategy and selection mechanism can allow future
designers to organize thinking behind more diverse product designs, and finally provide
the industry with the ability to focus on the more important design factors when formulat-
ing future marketing plans and product designs, create products that meet the needs of
consumers in the shortest period, and achieve the goal of sustainable business operation.

2. Theoretical Background
2.1. Innovative Product Design Methods

Product design is the process designers use to discover the needs of consumers,
generate ideas or solutions, and use them as the guideline on new product development
work, so that the product can meet the potential needs of consumers. The creation originates
from designing and planning to meet consumer needs, so it is very important to obtain and
interpret the information of consumer needs [3]. Understanding consumer expectations
tests the company’s early analysis capabilities, and allows managers to carefully check
their own views and pursue future innovations centered on consumer satisfaction [4].
These include the ability to “use, manage, understand and evaluate technology” and the
ability to “solve problems” using “innovation and design” methods [5]. From customer
needs, creative thinking about product innovation and invention, and finally to patent
analysis, layout, and application, companies can systematically and quickly find innovation
points [6]. The process of product innovation and design is complex, and quality function
deployment (QFD) can be used to incorporate the voices of customers into the R&D
of product technologies and requirements of specification customization, to ensure that
products achieve customer satisfaction [7]. Then, TRIZ, an innovative tool, is used to create
new products and apply for patents. Using TRIZ combined with designing is helpful
for the designer to use patent knowledge to find innovative solutions [8]. The design
thinking process consists of five stages: “empathize, define, idea, prototype, and test”. With
the advancement of science and technology, designers, in the stage of ideating, use a 3D
modeling system to design the details of all the components of the product. In the design
process, the computer-aided design (CAD) system is considered to be an important tool
conveying innovative product design [9]. Finally, the “prototype” is completed using the
processing machine for test feedback, to improve professional core competence, problem
solving and clinical decision making [10].
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2.2. Consumer Product Design Factors

Nowadays, customers have increasingly higher requirements for products as the
consumer awareness has been growing gradually, and products with a purely functional
design can no longer meet customer needs. Therefore, it is very important to grasp the
needs of customers in the early stage of product development. Among them, the shape of
the product gives people a visual perception, which is enough to affect consumers’ buying
behavior. The appearance characteristics of the product exhibited through induction
include streamline, refinedness, technology, stability, liveliness, cordial, flexibility, elegance,
conciseness, innovation, beauty or all-in-one. The shape image will be more conducive to
the shaping of the product image [11].

There are many factors that affect willingness to buy. In addition to the above-
mentioned appearance, there are also user satisfaction (usability) and ergonomic factors
(shape, color, maintenance, safety, interaction, material, function and durability). It is very
important to let the designer know which factors affect customers” willingness to buy in
the initial design process, making consumers happy and satisfied is the deciding factor in
making a positive purchase decision. Transforming these attributes into design elements
can change the perception of buyers and make them willing to buy [12,13]. Discovering
factors that affect consumer needs by conducting market research, analysing existing prod-
ucts and developing a product design strategy according is the focal point of most scholars’
research [14].

In recent years, the concept of “sustainable design” has become all the rage. In a
modern society full of goods, coupled with the consumer trend of seeking innovation
and change, many non-essential things have been consumed in daily life. Designers can
make a valuable contribution to environmental protection through careful planning, good
use of creativity and the selection of appropriate materials [15]. In addition, if they base
their design on quantitative and objective investigation and analysis, they can find out
the key considerations that consumers need for the decision process of buying green
products, such as durability, safety and non-toxicity, reasonable appearance, applicability of
environmentally friendly materials, reasonable price, etc.; green design elements essential
for green product development [16].

The functions of consumer products and services have become more diversified
as the digital technology has evolved over time [17], as has the user interface design
of digital products. After the high-resolution color screens became popular, more and
more details of the image have been be displayed. Therefore, the visual performance and
operation methods of the operating interface vary according to brands and systems, and
there are many options. As a result, designers can, based on observation and experiment,
understand the operating applications that users adopt, the impact of users’ mental models
and knowledge use on the operating interface of smart products, and use the hierarchical
approach to explore the optimal hierarchical layout and arrangement as the important
factors that affect the operation [18].

This study is designed to use the theory of consumer behavior and literature reviews to
find out the factors that make consumers choose consumer products [19], and use the Fuzzy
Delphi Method (FDM) [20], based on the opinions of group decisions to make a selection,
objectively, in a quantitative manner, to develop design strategies and key design indicators
of consumer products [21,22]. The use of selection allows designers to focus on important
design indicators when carrying out product design. Finally, the Analytical Network
Process (ANP) is used to analyze the subordination and hierarchical relationship between
the design indicators, and draw and interpret the structured hierarchical diagram to help
the designer understand the correlation between and the sequence of the indicators [23].

3. Research Methods

This study is divided into three stages. In the first stage, general product design
methods and design factors that consumers value are sorted out based on domestic and
foreign literature reviews and related theories. In the second stage, a survey of expert
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questionnaire is conducted and the Fuzzy Delphi Method (FDM) is used to screen the
preliminary indicators. In the third stage, the selected indicators are again subjected to a
survey of expert questionnaire and the analytical network process (ANP) method is used to
obtain the weight of each indicator. Finally, an innovative product design selection model
is built to provide a quantitative basis for companies that want to evaluate new product
designs. The research methods used in this study are described. As shown in Figure 1.
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Figure 1. Research Framework (compiled by this research).

3.1. Establishment of Product Innovation Design Methods

Based on relevant researches by experts and scholars, the researchers have learned that
creative product design is not a process, but a dynamic activity based on creative design
clusters. There are four types of clusters of innovative product design activities: scope, idea,
prototype and product [24]. To meet the requirement of product design activities, we have
developed a set of innovative product design strategies “QTPCP” based on the theoretical
background, as shown in Table 1, forming a complete thinking behind the design stages of
“requirement, conception, realization”, as the basis for subsequent FDM analysis.

Table 1. Establishment of product innovation design strategy QTPCP (compiled by the researcher).

Design Stage [24]

Design Methods

Definition Description

Scope

QFD (User needs) [7]

Starting from clarifying the “user needs”, the design factors

are summarized and transformed into the system
requirements and functions the product.

Idea

TRIZ (Creative invention development) [8]

Use creative imagination and make a breakthrough based
on the “TRIZ” innovation principles. Find out the problem
of different aspects of the product and propose an
innovative design process for the product.

Patent (Design trends and obstacles) [6,8]

Conduct the “patent analysis” and sort out the innovative
countermeasures, to create feasible designs and avoid
patent infringement.
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Table 1. Cont.

Design Stage [24] Design Methods Definition Description

Use “CAD” drawing tools to design ID and MD of product

CAD (Actualization of design ideas) [9] to actualize and digitize the concept.

Prototype Prototype (Realization of designs) [10]

Use a digital processing machine (3D Print, CNC, etc.) to
make a “prototype” to verify that it meets user needs.

3.2. Establishment of Design Factors That Meet Consumer Needs

Based on the results of domestic and foreign literature reviews and expert interviews,
the researcher has preliminarily decided to begin with the elements in determining deci-
sions of purchase, “product” and “brand”, and sort out the design evaluation factors and
design factors that must be considered when “consumer products” are designed, including
product type, product material, product color, product texture, product function, human
factors design, human-machine interface, sustainability, product sales, brand value and
after-sales service, eleven design elements and 56 design factors, as shown in Table 2. The
design factors of different products were sorted out for the following questionnaire survey
and selection of the optimal product design factors:

Table 2. Establishment of consumer product innovation design factors (compiled by this research).
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3.3. Fuzzy Delphi Method (FDM)

The Delphi Method (FDM) was proposed by Dalkey and Helmer in 1960 as a systematic
process used to arrive at a group opinion or decision by surveying a panel of experts.
Murray, Pipino and Gigch (1985) first applied Fuzzy theory to the Delphi Method. This is
called Fuzzy Delphi Method (FDM). The Fuzzy Delphi Method is a method for screening
factors. Compared with the traditional Delphi method, it has the following advantages:
1. Fuzzy Delphi Method can reduce the number of surveys. 2. The opinions of experts can
be expressed more completely. 3. The knowledge of experts can be made more rational
and meet the requirement through Fuzzy theory. 4. It is more economical in terms of time
and cost [38,39]. Therefore, this study adopts the Fuzzy Delphi Method to select important
design factors.

Generally, the Fuzzy Delphi Method can be used for the following three steps: 1. es-
tablish a set of impact factors; 2. collect opinions from the decision group; and 3. use the
Fuzzy Delphi Method to calculate the evaluation value. Fuzzy Delphi Method is used for
screening factors to achieve the goals set during the research. In this study, the research
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method of Chen Wenliang (2020) [21] was adopted, the “double-triangle fuzzy numbers”
were used to integrate experts’ opinions, and the “grey zone test method” was used to test
whether experts’ opinions are consistently convergent [40].

In the first stage, the experts fill out the questionnaire based on their professional
competencies, subjectively, for the purpose of rating the items listed in the table and scoring
the individual items on a scale ranging from 0 to 10. The higher the item is scored, the more
important it is [21]. There is a column on the first page of the questionnaire, in which the
experts can write their opinions if necessary to make the questionnaire more consistent with
the meaning of the Fuzzy Delphi questionnaire. For the selection of innovative product
design factors, the Fuzzy Delphi Method is a very useful tool for preliminary evaluation of
factors rated by experts, so as to make the selection of the obtained alternative evaluation
factors more objective and practical. The application and steps of the tests are described in
detail as follows [41]:

Step 1: Questionnaire design and survey

First, according to the related literature reviews and inspiration, various product
design factors are initially drawn up as the basis for designing a fuzzy rating scale-based
questionnaire and survey selection, as shown in Table 2. A fuzzy questionnaire is designed
for experts to answer all the evaluation items considered and form an appropriate expert
group, asking each expert to give a possible interval value for each evaluation item. The
minimum of this interval value is used to represent the expert’s “conservatively perceived
value (C)” for the quantitative score of the assessment item, and the maximum of this
interval value is used to represent the expert’s “optimistically perceived value (O)” for the
quantitative score of the assessment item.

Step 2: Data collection and calculation

Count the “most conservatively perceived value and the most optimistically perceived
value” given by all experts to each item (i), and exclude extreme values that fall outside
the “double standard deviation”, and then calculate the minimum value Ci, geometric
mean value C};, and maximum value C}; of the remaining “most conservatively perceived
values”, as well as the minimum value O}, geometric mean value Ol,, and maximum value

L of the remaining “most optimistically perceived value”.

Step 3: Find the double triangular fuzzy numbers

Based on the results of step 2 above, the triangular fuzzy number C! = ( ey C{J)
of the “most conservatively perceived value” and the triangular fuzzy number
O = ( i, 0, Ob) of the “optimistically perceived value” of each item (i) can be found

by some calculations, to obtain the double triangular fuzzy numbers, as shown in Figure 2.
Step 4: Check the degree of consensus reached by selected experts
This step is to check whether the degree of consensus reached by selected experts is
acceptable, which can be judged by how the two triangular fuzzy numbers overlap:

1. There is no overlap (no gray zone area), i.e., (C{J < Oi) This means that opinion

interval value of each expert has a consensus section and the opinions approach to the con-
sensus section of (i). Therefore, let the “consensus importance value” G of this evaluation
item (i) be equal to the arithmetic mean of Cy; and Oy, it is expressed as:

G = ( iM+oiM)/z )
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Figure 2. Double Triangular Fuzzy Numbers [42].

2. There is overlap (there is a gray zone area), i.e., (C}; > O} ), and the fuzzy relation-
ship gray zone Z! = Ci; — O} is smaller than the interval range M' = O}, — C}, between
the “geometric average of conservatively perceived value” and the “geometric average of
optimistically perceived value”. This means that although there is no area of consensus
among the opinions of experts, the two experts who give extreme opinion values (the
most conservative in the optimistic perception and the most optimistic in the conservative
perception) do not differ too much from other experts, without resulting in divergent
opinions. Therefore, let the “consensus importance value” G of the item (i) be equal to
the fuzzy set obtained by the intersection operation of the fuzzy relationship of the two
triangular fuzzy numbers, and then find the quantized fraction of fuzzy set with the largest

membership value [43].

F(X) = / {min i (), 0'(X) )

X
Gi = {{Xj \maxupl 3)

3. There is overlap (there is a gray zone area), i.e., (C}; > O} ), and the fuzzy relation-
ship gray zone Z! = Ci; — O} is larger than the interval range M! = O}; — Ci; between
the “geometric average of conservatively perceived value” and the “geometric average
of optimistically perceived value”. This means that there is no area of consensus among
the opinions of experts and the two experts who give extreme opinion values (the most
conservative in the optimistic perception and the most optimistic in the conservative per-
ception) differ too much from other experts, resulting in divergent opinions. Then, another
round of questionnaire survey will be conducted for these items of which the opinions are
divergent, and steps 1 to 4 are repeated until all opinions of all items are convergent and

the consensus importance value G' is obtained.

3.4. Analytical Network Process (ANP)

TL Saaty proposed the analytic network process (ANP) [44] in the form of a network
and a non-linear structure in 1996, which is mainly based on the original self-created linear
structured analytic hierarchy process (AHP) by adding a feedback mechanism. Among the
methods of studying multi-criteria decision problems, traditional AHP is one of the effective
solutions to deal with many evaluation criteria problems that need to be considered. It
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constructs complex multi-criteria decision problems into a hierarchy, of which each layer
is composed of different elements forming a group with nodes, which processes many
qualitative factors through systematic matrix operations, and provides objectively obtained
quantitative results to decision makers as a reference. However, in recent years, many social
science studies have found that issues related to decision cannot be expressed simply in a
hierarchical manner. There is a high degree of internal correlation: the upper and lower
levels have a certain degree of mutual influence. In addition, the elements at the lower level
also have interdependence with the elements at the higher level. Therefore, the analytical
network process (ANP) is proposed to solve such problems [28].

In this study, the Saaty scale was adopted and the pairwise comparisons [28,45] were
used to find out the importance of evaluating consumer product design indicators based
on consumer needs. This questionnaire is designed to divide the evaluation scale into
five levels, namely equally important (1), slightly important (3), quite important (5), very
important (7), and absolutely important (9). Each of them is given a weighing value of 1, 3,
5,7,and 9, respectively. There are also four levels between the five basic scales, and each of
them is given a weighing value of 2, 4, 6, and 8, respectively. The ANP was used for the
evaluation of decision problems, mainly including five steps [23], which are described in
detail as follows:

Step 1: Establish a network hierarchical structure for evaluation

First, it is necessary to confirm the goal of the problem, and find the relationship be-
tween groups and the interaction between groups, which is called external dependence, and
the interaction between the criteria within each group, which is called internal dependence,
and draw an evaluation model architecture diagram of network hierarchy accordingly.

Step 2: Create a pairwise comparison matrix

Saaty’s scale of relative importance is one of 1 to 9, representing nine levels from equal
importance to extreme importance. Decision makers must make pairwise comparisons
between two groups and those between criteria. The pairwise comparison between criteria
is further divided into pairwise comparison between criteria of the same group and pairwise
comparison between criteria of different groups. Then, the comparisons are organized to
form a pairwise comparison matrix, as shown in (4). Finally, the expert preferences are
collated based on the differences of problems perceived by each decision maker, to obtain
the weight of each level and find out the eigenvectors and eigenvalues.

a11 DY alj ... aln
A= | a -+ a5 - ap 4)
anl PR anj .. anm

Step 3: Carry out consistency test

In order to judge whether the decision maker is consistent when making pairwise
comparisons, the consistency ratio (CR) is calculated by dividing the consistency index
for the set of judgments by the index for the corresponding random matrix (RI). When
CI = 0, it means that the pairwise comparison matrix is completely consistent, when CI > 0,
it means that the pairwise comparison matrix is not consistent, and when CI < 0.1, it means
that the pairwise comparison matrix is consistent. Saaty (1980) suggested that CI < 0.1 is
better, and when CR < 0.1, it means that the consistency of the pairwise comparison matrix
is satisfactory. The test formula is as follows:

CI
CR = Rl 5)
CIl = Amax —n (6)

n—1
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Step 4: Super matrix operation

Combine the sub-matrices formed by all eigenvectors into a super matrix. If there is a
blank or 0 in the matrix, it means that the decision groups or criteria are independent of
each other and have no dependencies [46].

€11
c e ] G Cn
1
€11 €1m; €21 €2m, €n1 €nm,
eln’l]
[ Wir Wyp Win ]
€21
Wi ap Won
€
W=
(7)
€2m, : : :
L Wi an2 Wnm |
€n1
€n2
Cn
€nmj,

Step 5: Select the optimal alternative

The overall weight of each alternative is calculated according to the weight of each
feasible alternative and the relative weight between criteria in the super-matrix formation,
and the optimal alternative can be selected according to the overall weight.

In 1977, Saaty [44] proposed when CI < 0.1, satisfactory consistency can be achieved,
but the maximum allowable error is CI < 0.2. The RI value is determined by the order of
the pairwise comparison matrix, and determined by the number (n) of the elements for
pairwise comparison. Details are shown in Table 3. When CR < 0.1, the consistency of the
pairwise comparison judgment matrix is satisfactory.

Table 3. Random index (RI).

Steps 1 2 3

4 5 6 7 8 9 10 11 12 13 14 15

R.I 0.00 0.00 0.58

0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59

3.5. Selection of Experts for Questionnaire Survey

Consider those who accept this type of questionnaire, have sufficient knowledge of
the research questions, and can fully cooperate during the survey period to be the experts
to fill in the questionnaire. According to Zhong Zhengwei et al. (2017) [39], an expert group
consisting of more than 10 members and less than 30 members makes the fewest group
attribution errors and establishes the greatest credibility. For the sake of objectivity, and
based on Chen Wenliang (2020) [20], 15 expert questionnaires were distributed by judgment
sampling, and all the questionnaires sent out were valid. The experts were selected from
those who have industrial design education background and more than 11 years of relevant
work experience in consumer product design, including 4 scholars in innovative design
field, 6 development designers working for relevant companies, and 5 designers working
for design companies. As shown in Table 4.
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Table 4. Statistical analysis table of basic data of research object (compiled by this research).

Type Item Effective Number of Samples Percentage (%)

Innovative design research scholars 4 27
Identity Enterprise development designer 6 40
Design company designer 5 33
College 1 7
. University 2 13
Education Master 11 73
PhD 1 7
5-10 years 0 0
. . 11-15 years 5 33
Working Experience 16-20 years 6 40
More than 20 years 4 27

Senior Executives
(Chairman, General Manager, Chief 6 40

Executive Officer)
Job & Duty Supervisor (associate, manager, 5 33
director, section chief) 4 27

Staff (engineers, designers)

4. Data Analysis and Results
4.1. FDM Analysis Results

Based on the results of the expert questionnaire and the operation steps of the Fuzzy
Delphi Method by Zhang Yuquan et al. (2014) [47], Microsoft Excel was used to obtain
the minimum value C!, (the most conservatively perceived value), the maximum value
Ol (the most optimistically perceived value), the geometric mean, the Min value and Max
value, and the difference between the optimistically perceived value and the conservatively
perceived value M, the gray zone test value Z!, and the expert consensus value G' of the
evaluation factors evaluated and listed by the experts in the questionnaire, as shown in
Table 5.

Table 5. The QTPCP design methods devised in this study (compiled by this research).

Difference between

Grey Zone ool . Mi-Zi Show Consensus
i Certified Value Optimistic and Conservative Converged Importance
Aspects & Indicator er Cognition Value 8 p Del or Not
Zi=Ci,— 0} M=0i,—Ci, Mi-Zi Gi
QFD (User needs) 1 4.16 3.16 8.15
TRIZ (Creative
invention development) 1 4.21 3.21 7.23
Patent (Design trends
and obstacles) 1 38 28 732
CAD (A?cua%hzatlon of 1 356 256 731
design ideas)
Prototype (Realization 1 348 248 737

of designs)

Among them, all the gray zone test values of Z' in this study are greater than 0,
indicating that the gray zone exists. As for the difference between the optimistically
perceived value and the conservatively perceived value M!, because whether the indicator
is convergent depends on the relationship between the value of M! and the value of Z!, if
M' > Zi, it means that the opinions of experts tend to be consistent and the indicator is
convergent. If M' > Z!, it means that the opinions of experts are too divergent, and the
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indicator is not convergent. Then, a second questionnaire survey must be conducted for the
indicator that is convergent. For the convenience of calculation, if the difference between
M and Z} is greater than 0, the indicator is convergent, and if the value is less than 0, the
indicator is not convergent and will be excluded.

The expert consensus value G! is an important factor for screening indicators and the
intersection of the minimum value C ’s Max value, and the maximum value Ol ’s Min
value, where the two lines meet. The higher the intersection is, the higher the consensus
of experts on the indicator and the greater its importance. As for the screening indicators,
they are set by the decision threshold S. The value of the threshold will directly affect the
number of selection criteria.

As for how to determine the appropriate threshold S, it has been mostly determined
by the decision makers’ subjective judgments. Zhang Yuquan et al. (2014) believed that
the threshold can be set to 6, and any G' with a value below 6 can be excluded [47]. Chen
Wenliang (2021) used the arithmetic mean of the G' values of all indicators as the threshold
value, and any G' with a value below the arithmetic mean can be excluded [21]. The
arithmetic mean of the G' values of the indicators in this study is 6.69. If this is used as
the threshold, too many indicators will be excluded and that will affect the hierarchical
structure of this study, so the value 6 is used as the threshold for this study. The QTPCP
design methods devised in this study, as shown in Table 4, include “QFD customer needs”,
“TRIZ (Creative invention development)”, “Patent (Design trends and obstacles)”, “CAD
(Actualization of design ideas)” and “Prototype (Realization of design”. When the differ-
ences between M! and Z' of the 5 indicators are greater than 0, the indicators are convergent.
The expert consensus values of Gl are 8.15,7.23,7.32,7.32,7.31, and 7.37, all greater than
the threshold 6 set for this study, so they are retained. As shown in Table 5.

Table 6 shows the analysis results of the decision elements in the evaluation of customer
demand for “consumer products” summarized in this study. When the differences between
M and Z! of the two indicators of “A. Product Dimension” and “B. Brand Dimension”
are greater than 0, the indicators are convergent, and the expert consensus values G' are
7.35 and 7.34, which are greater than the threshold value 6 set in this study, so they are
retained. As shown in Table 6.

Table 6. This research has summarized the results of the analysis of the decision-making elements of
the customer demand (compiled by this research).

Grey Zone .Dllff(?rence between . Mi-Zi Show Consensus
Optimistic and Conservative

Aspects & Indicator Certified Value Cognition Value Converged Importance Del or Not
zi=Ci;—ol M=0i,—Ci, Mi-Zi Gl
A. Product Dimension 1 3.55 2.55 7.35
B. Brand Dimension 1 41 3.1 7.34

Table 7 shows the design elements in the evaluation of customer demand for “con-
sumer products” summarized in this study, including “a. Product type”, “b. Product
material”, “c. Product color”, “d. Product texture”, “e. Product function”, “f. Human

A

factors design”, “g. Human—machine interface”, “h. Sustainable environmental protection”,
“i. Product sales”, “j. Brand value” and “k. After-sales service”. When the differences
between M! and Z! of the 11 indicators are greater than 0, the indicators are convergent,
and the expert consensus values of G' are 7.48,7.33,6.68,7.34,7,8,7.43, 6.68, 6.64, 7.28, and
6.49, respectively, all greater than the threshold 6 set in this study, so they are retained, as

shown in Table 7.
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Table 7. Design elements of customer demand (compiled by this research).

Cenified  Optimistic and Conservative  MiZiShow  Consensus
Aspects & Indicator Value Cognition Value Converged  Importance ] or Not

Zi=Ci,—ol Mi=0i,—Ci, Mi-Z7i G!

a. Product Type 2 3.49 1.49 7.48

b. Product Material 1 3.68 2.68 7.33

c. Product Color 2 3.7 1.7 6.68

d. Product Texture 1 3.72 272 7.34

e. Product Function 2 3.4 1.4 7

f. Human Factor Design 0 3.39 3.39 8

g. Human-Machine Interface 1 3.53 2.53 743

g;s::zi?éiable Environmental 5 375 153 6.68

i. Product Sales 2 4.45 2.45 6.64

j- Brand Value 1 4.33 3.33 7.28

k. After-sales Service 3 4.02 1.02 6.49

Table 8 shows the design factors in the evaluation of customer demand for “consumer
products” summarized in this study. Among them, the differences between M! and Z' of
the 5 indicators, including “4. conveying the emotion of the story”, “16. craftsmanship
is exquisite and valuable”, “40. reproducible and reusable”, “42. lengthening life cycle”
and “46. brand promotion activities”, are less than 0, the indicators are not convergent.
As for the other 13 indicators, including “5. modeling organic and bionics”, “6. modeling
geometrically symmetrical”, “7. modeling cute and streamlined”, “9. less processing and
easy to obtain”, “12. color matching natural and environmentally friendly”, “13. color

”oou

harmony and bright”, “27. educational”, “28. additional functions”, “43. energy saving,
carbon reduction and low consumption”, “44. material / packaging reduction”, “50. high
brand awareness”, “51. manufacturing location” and “52. commodities are serial”, the
expert consensus values G! are less than the threshold value 6 set in this study, so the
aforementioned 18 indicators are excluded. As indicated by the “X” in the far right column

of Table 8, the design factor has been excluded, as shown in Table 8.

Table 8. This research has summarized the design factors of customer demand (compiled by
this research).

Grey Z one .Dl.fﬁ.:rence between . Mi-Zi Show Consensus
Certified Optimistic and Conservative
Aspects & Indicator Value Cognition Value Converged  Importance  pe] or Not
Z!=C},-0}, Mi=0},—Cly Mi—Zi G!
1. Moderate size 0 3.8 3.8 7
2. Reasonable body weight 0 3.9 3.9 7
3. Unique style 3 42 1.2 6.21
4. Convey the emotion of 4 36 04 440 X
the story
5. Modeling organic bionics 1 4 3 454 X
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Table 8. Cont.
Grey Z one .D{ffgrence between . Mi-Zi Show  Consensus
Certified Optimistic and Conservative
Aspects & Indicator Value Cognition Value Converged  Importance ] or Not

Zi=Ci,—ol Mi=0i,—Ci, Mi-Z7i G!
6. The sh.ape is geometrically 1 37 27 538 X
symmetrical
7. The shape is cute and 5 38 1.8 415 X
streamlined
8. Meet functional requirements 1 3.9 2.9 7.33
9. Less processing and easy access 3 3.7 0.7 5.67 X
10. Easy to clean and maintain 3 3.4 0.4 6.31
11. Sense of the trend 2 41 2.1 6.54
12. Natural Color.and 5 4 5 511 X
environmental friendly
13. Harmonious and bright color 2 3.6 1.6 5.78 X
14. Unique personality 41 1.1 6 X
15. Anti-slip and
comfortable touch ! 36 26 643
16. Delicate craft value 4 3.3 —0.7 6.73 X
17. Unique texture 1 3.6 2.6 6.1
18. Convenient and
friendly control ! 36 26 74
19 Unique and 2 3.7 17 6.7
innovative functions
20. Storage is light and easy 2 3.6 1.6 6.8
21. The structure is stable
and durable 1 3.5 25 7.3
22. Easy to carry and transport 1 3.6 2.6 6.5
23.Easy to assemble and adjust 2 3.6 1.6 6.9
24. Easy to disassemble 1 37 27 6.5
and repair
25. Modularization and easy 2 35 15 6.9
replacement
26. Comply with safety 1 36 26 74
regulations
27. With education and learning 1 3.9 2.9 54 X
28. Additional functions 1 42 32 5.4 X
29. Comfortable to operate 0 30 32 3
and wear
30. Energy-saving, .labor—savmg 5 31 11 6.9
and low-consumption
31. Reliable safety protection 0 34 34 8
32. The size can be adjusted 2 3.3 1.3 6.8
33. Detailed operating 3 35 05 6.8

instructions




Mathematics 2022, 10, 397 16 of 25
Table 8. Cont.
Grey Z one .D{ffgrence between . Mi-Zi Show  Consensus
Certified Optimistic and Conservative
Aspects & Indicator Value Cognition Value Converged  Importance ] or Not

Zi=Ci,—ol Mi=0i,—Ci, Mi-Z7i G!
34. No burrs and sharp corners 2 3.7 1.7 7.5
35. Good icon recognition 0 3.4 3.4 8
36. Fast control feedback 2 3.3 1.3
37. The interface is intuitive and 1 33 23 83
easy to learn
38. High extension compatibility 3 34 0.4 6.4
39. Easy to disassemble 3 39 0.9 6.2
and recycle
40. Reproduction and reuse 4 3.8 —0.2 5.5 X
41. Th.e material is non-toxic 3 36 06 6.3
and friendly
42. Longer life cycle 5 3 -2 59 X
43. Eru.ergy saving, carbon . 2 33 13 59 X
reduction and low consumption
44. Material / packaging reduction 4 4 0 5.7 X
45. Real price level 2 3.3 1.3 6.8
46. Brand Promotions 6 3.4 —24 53 X
47. Experience physical access 1 3.7 2.7 7.3
48. Personal style and taste 2 3.7 1.7 6.6
49. Good quality and value 1 3.6 2.6 7.3
50. High brand awareness 3 3.6 0.6 5.8 X
51. Manufacturing location 3 3.4 0.4 5.5 X
52. Commodities are serial 3 3.6 0.6 5.5 X
53. Excellent brand evaluation 0 3.9 3.9 8
54. Good repair service 1 3.5 2.5 74
55. With product warranty 1 3.6 2.6 74
56. Professional and friendly 0 33 33 8

customer service

The Fuzzy Delphi Method was used to screen out the design elements and design
factors considered important, and the representative selection criteria that experts consider
consumer needs when consumer products are designed. As a result, 11 design elements
and 38 design factors were recognized by experts, as shown in Table 9.
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Table 9. Results of screening design factors for customer needs assessment (compiled by this research).

Design Indicator Decision Elements Design Elements Design Factors

al. Moderate size

a. Product Type a2. Reasonable body weight

a3. Unique style

b4. Meet functional requirements

b. Product Material —
b5. Easy to clean and maintain

c6. Sense of the trend

¢. Product Color - :
c7. Unique personality

. Anti-sli f 1 h
d. Product Texture d8. Anti-slip and comfortable touc

d9. Unique texture

e10. Convenient and friendly control

ell. Unique and innovative functions

el2. Storage is light and easy

e13. The structure is stable and durable

e. Product Function el4. Easy to carry and transport

el5. Easy to assemble and adjust

el6. Easy to disassemble and repair

A. Product Dimension

el7. Modularization and easy replacement

e18. Comply with safety regulations

f19. Comfortable to operate and wear

20. Energy-saving, labor-saving and
low-consumption

User Demand

f. Human Factor Design f21. Reliable safety protection
22. The size can be adjusted

{23. Detailed operating instructions

f24. No burrs and sharp corners

g25. Good icon recognition

g26. Fast control feedback

8- Human-Machine Interface g27. The interface is intuitive and easy

to learn

g28. High extension compatibility

h. Sustainable Environmental h29. Easy to disassemble and recycle
Protection

h30.The material is non-toxic and friendly

i31. Real price level

i. Product Sales : . .
i32. Experience physical access

j33. Personal style and taste

j- Brand Value j34. Good quality and value

j35. Excellent brand evaluation

k36. Good repair service

B. Brand Dimension

k. After-sales Service k37. With product warranty

k38. Professional and friendly
customer service
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4.2. Analysis Results by Analytical Network Process

As mentioned above, in the previous stage, the Fuzzy Delphi Method (FDM) was used
to screen out the design elements and design factors considered important by the experts
in evaluating consumer needs, and confirm their interdependence. After the analysis,
the results were obtained, and 11 design elements were selected, including product type,
product material, product color, product texture, product function, human factors design,
human-machine interface, sustainable environmental protection, product sales, brand
value and after-sales service. After the questionnaire survey and the pairwise comparison
between the criteria were conducted, the data was input into the limit super-matrix of
the Super Decisions, and the relative weights between the indicators were obtained [44].
Among the returned questionnaires, the pairwise comparison matrix meets the standard
of C.I. € 0.1, and the weight analysis of these questionnaire items that have passed the
consistency check that was conducted to obtain the system network architecture of the
evaluation criteria, as shown in Figure 3.

| User Demand |

==

A. Product Dimension B. Brand Dimension
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Figure 3. The system network structure of the evaluation standard (compiled by this research).

When there is only one decision maker, the result of the judgment does not involve the
integration of preferences. However, if the decision group is used for evaluation, experts’
preferences must be integrated, because experts who fill in the questionnaires perceive
issues differently from each other, the pairwise comparison judgment values obtained are
different, and the levels of importance of the final operational performance evaluation
indexes are also different. There are many methods of preferences integration. Based on
the consideration of ease of judgment and simple calculation, in this study the average
value of the data of the decision group is used to integrate the preferences of experts.
The calculation methods of the average include the arithmetic mean and geometric mean.
According to Saaty’s suggestion [44], using the geometric mean is better. In this step, the
pairwise comparison matrices of experts were integrated and normalized to create an
integrated pairwise comparison matrix. Table 10 is the pairwise comparison matrix of the
“decision elements”, and Tables 11-23 are the pairwise comparison matrices of the “design
elements” and the “design factors”.
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Table 10. Pairwise comparison matrix between “Decision Elements” dimensions.

Aspects & Indicator A B
A. Product Dimension 1 1.2889
B. Brand Dimension 0.7759 1

Table 11. Pairwise comparison matrix between “Design Elements” of product A dimensions.

Design Elements a. b. c. d. e. f. 8. h.
a. Product Type 1 1.9134 1.8730 1.0533 0.4409 0.6170 0.5691 1.2620
b. Product Material 0.5226 1 1.1940 0.4551 0.3495 0.3393 0.3145 0.5450
c. Product Color 0.5339 0.8375 1 0.3836 0.2933 0.2424 0.2818 0.5645
d. Product Texture 0.9494 2.1973 2.6069 1 0.2918 0.3348 0.4682 0.5799
e. Product Function 2.2681 2.8612 3.4095 3.4270 1 0.7884 0.6363 0.7619
f. Human Factor Design 1.6207 2.9472 4.1254 2.9869 1.2684 1 0.4714 0.8621
g. Human-Machine interface 1.7572 3.1797 3.5486 2.1358 1.5716 2.1213 1 1.0043
h. Sustainable Environmental Protection ~ 0.7924 1.8349 1.7715 1.7244 1.3125 1.1600 0.9957 1

Table 12. Pairwise comparison matrix between “Decision Elements” of brand B dimensions.

Design Elements i j- k.
i. Product Sales 1 0.3561 0.5209
j- Brand Value 2.8082 1 0.9665
k. After-sales Service 1.9198 1.0347 1

Table 13. Pairwise comparison matrix between “Design Factors” of product A dimensions.

Design Factors al. a.2. a.3.
a.1. Moderate size 1 1.3498 1.4986
a.2. Reasonable body weight 0.7409 1 1.2550
a.3. Unique style 0.6673 0.7968 1

Table 14. Pairwise comparison matrix between “Design Factors” of product material B dimensions.

Design Factors b.4. b.5.
b.4. Meet functional requirements 1 1.6336
b.5. Easy to clean and maintain 0.6121 1

Table 15. Pairwise comparison matrix between “Design Factors” of product color C dimensions.

Design Factors c.6. c7.
c.6. Sense of the trend 1 0.7141
c.7. Unique personality 1.4004 1

Table 16. Pairwise comparison matrix between “Design Factors” of product texture D dimensions.

Design Factors d.s. d.9.
d.8. Anti-slip and comfortable touch 1 1.0601
d.9. Unique texture 0.9433 1
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Table 17. Pairwise comparison matrix between “Design Factors” of product function E dimensions.

Design Factors

e.10. e.11. e.12. e.13. e.14. e.15. e.16. e.17. e.18.

e.10. Convenient and friendly control 1 0.9968  1.178 07799 1.1719 15211 19468 1.9368 0.6153
e.11. Unique and innovative functions 1.0032 1 0.8351 0.6021 0.8783 1.0856 0971  1.3138  0.4953
e.12. Storage is light and easy 0.8489  1.1975 1 0.3345 0.4766 0.4411 05228 0.7339 0.3818
e.13. The structure is stable and durable 12822 1.6609 2.9895 1 14874 11723 1.2481 1.0845 0.2757
e.14. Easy to carry and transport 0.8533 1.1386 2.0982 0.6723 1 0.6798 0.4607 0.4918 0.3274
e.15. Easy to assemble and adjust 0.6574 09211 22671 0.8530 1.4710 1 0.9535 0.9385 0.3099
e.16. Easy to disassemble and repair 0.8533 1.0299 19128 0.8012 2.1706 1.0488 1 1.0871  0.3437
e.17. Modularization and easy replacement  0.5163  0.9211 1.3626 09221 2.0333 1.0655 0.9199 1 0.4066
e.18. Comply with safety regulations 1.6252 2.0190 19128 3.6271 3.0544 3.2268 29095 2.45%4 1
Table 18. Pairwise comparison matrix between “Design Factors” of human factors design
F dimensions.
Design Factors £.19. £.20. f.21. £.22. £.23. f.24.
£.19. Comfortable to operate and wear 1 2.0638 0.5173 1.225 2.0197 0.8027
£.20. Energy-saving, labor-saving and low-consumption 0.4845 1 0.5075 0.9477 1.6213 0.8677
£.21. Reliable safety protection 1.9331 1.9704 1 2.1463 2.8769 1.2001
£.22. The size can be adjusted 0.8163 1.0552 0.4659 1 1.8634 1.0164
f.23. Detailed operating instructions 0.4951 0.6168 0.3476 0.5367 1 0.5206
f.24. No burrs and sharp corners 1.2458 1.1525 0.8333 0.9839 1.9209 1
Table 19. Pairwise comparison matrix between “Design Factors” of human-machine interface
G dimensions.
Design Factors g.25. g.26. g.27. g.28.
g.25. Good icon recognition 1 0.7740 0.3175 1.0527
g.26. Fast control feedback 1.2920 1 0.4635 1.4805
g.27. The interface is intuitive and easy to learn 3.1496 2.1575 1 1.9542
g.28. High extension compatibility 0.9499 0.6754 0.5117 1

Table 20. Pairwise comparison matrix between “Design Factors” of sustainable environmental
protection H dimensions.

Design Factors h.29. h.30.
h.29. Easy to disassemble and recycle 1 0.5837
h.30. The material is non-toxic and friendly 1.7132 1

Table 21. Pairwise comparison matrix between “Design Factors” of product sales I dimensions.

Design Factors i.31. i.32.
i.31. Real price level 1 1.5879

1.32. Experience physical access 0.6298 1
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Table 22. Pairwise comparison matrix between “Design Factors” of brand value ] dimensions.

Design Factors j-33. j-34.j j-35.
j-33. Personal style and taste 1 0.5110 0.3075
j-34. Good quality and value 1.9569 1 1.0679
j-35. Excellent brand evaluation 3.2520 0.9364 1

Table 23. Pairwise comparison matrix between “Design Factors” of brand value K dimensions.

Design Factors k.36. k.37. k.38
k.36. Good repair service 1 1.0521 1.2119
k.37. With product warranty 0.9505 1 1.828
k.38. Professional and friendly customer service 0.8252 0.5470 1

After creating the super matrix, we can sort out the priority weights and overall
priority weights in each dimension of the decision criteria from the super matrix, as shown
in Table 24 below. As CR < 0.1, the consistency of the pairwise comparison judgment
matrix of each design element is achieved. Among them, the overall priority weight is the
weight value of each criterion in the limit super matrix, and the shaded part represents the
most important criteria in the dimension. It can be seen from Table 24 that the “product
dimension” is better than the “brand dimension”. However, experts have suggested that
the “brand dimension” should belong to marketing category, so the design elements are
divided into two dimensions for comparison. In this study, “e. Product function”, “f.

i

Human factors design”, “g. Human-machine interface”, “h. Sustainable environmental
protection”, “a. Product form” are the top 5 important criteria in product dimensions. The
first 6 criteria for design factors are “g27. The interface is intuitive and easy to learn”, “h30.
The material is non-toxic and pro-environmental”, “g26. The control feedback is fast”, “h29.
Easy to disassemble and recycle”, “e18. Meet safety standards”, and “f21. Reliable, safety,
and protective”. This means that consumers pay more attention to whether the product is
easy to operate, made of safe and non-toxic materials, and complies with safety regulations.
As for the brand dimension, consumers pay more attention to factors such as “j35. Excellent
brand evaluation”, “k37. Product warranty”, and “j34. Good quality and value”.

The above data is provided to the industry as a consideration of various dimensions
before designing new products. According to the method devised in this study, companies
can find out the criteria considered in their current design from the relevant dimension
and calculate the weight, and observe the most critical and important criteria and overall
ranking in each dimension. As shown in Table 24.

The results of this study showed that the consumer product design process “QTPCP”
is the optimal design strategy that the experts and scholars agreed about unanimously. In
the design of consumer products, human-oriented design is the most important indicator.
Among them, “e. Product function”, “f. Human factors design”, “g. Human-machine
interface”, “h. Sustainable environmental protection”, and “a. Product form” are the
top 5 important criteria in product dimensions. The first 6 criteria for design factors are
“g27. The interface is intuitive and easy to learn”, “h30. The material is non-toxic and pro-
environmental”, “g26. The control feedback is fast”, “h29. Easy to disassemble and recycle”,
“e18. Meet safety standards”, and “f21. Reliable, safety, and protective”. This means that
consumers pay more attention to whether the product is easy to operate, made of safe and
non-toxic materials, and complies with safety regulations. As for the brand dimension,
consumers pay more attention to factors such as “j35. Excellent brand evaluation”, “k37.
Product warranty”, and “j34. Good quality and value”. Finally, the hierarchical relationship
between the design indicators was built using the analytical network process (ANP), and
the design indicators were used to interpret the structured hierarchical model, which can
effectively clarify the complex interdependence between the design indicators, so that the
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designer can better understand the influence among the design indicators and prioritize
development indicators, helpful for designers in making effective design decisions.

Table 24. Overall weighting (compiled by this research).

E g2 g & 2 2 2 -2
£ St S£ BHE £ B & g FE£ P
] 8 2= 7 = 7S L=< 5 = [~
85 TE g% 8 & g% 82 FRCI-SC I o
A= o y=] a2 R s = [ = 2 o 2 )
g25. Good icon recognition 0.199 0.0414 11
g26. Fast control feedback 0270  0.0562 3
g. Human-Machine - PR
interface 0.208  g27. The interface is intuitive and easy 0531 01104 1 0.013
to learn
g28. High extension compatibility 0.211  0.0439 9
f19. Comfortable to operate and wear 0.178 0.0306 15
£20. Energy—sa\'/mg, labor-saving and 0130 00224 23
low-consumption
gé_slilg:an Factor 0.172  f21. Reliable safety protection 0274  0.0471 6 0.012
22. The size can be adjusted 0.150 0.0258 20
f23. Detailed operating instructions 0.087 0.0150 29
f24. No burrs and sharp corners 0.180 0.0310 14
e10. Convenient and friendly control 0.156  0.0267 19
,§ ell. Unique and innovative functions 0.118 0.0202 27
12}
g el2. Storage is light and easy 0.081  0.0139 30
A 0563 e13. The structure is stable and durable 0.158  0.0270 18
i ’ e. Product Function 0.171 0.029
2 ’ ’ el4. Easy to carry and transport 0.100 0.0171 28 ’
E el5. Easy to assemble and adjust 0124 0.0212 25
< el6. Easy to disassemble and repair 0.137 0.0234 21
:% el7. Modularization and easy replacement 0124 0.0212 26
g el8. Comply with safety regulations 0.306  0.0523
h. Sustainable h29. Easy to disassemble and recycle 0369 00524 4
Environmental 0.142 0.000
Protection h30.The material is non-toxic and friendly 0.631  0.0896 2
al. Moderate size 0.415  0.0448 8
a. Product Type 0.108  a2. Reasonable body weight 0320 0.0346 13 0.001
a3. Unique style 0.266  0.0287 17
d8. Anti-slip and comfortable touch 0.515  0.0453 7
d. Product Texture 0.088 0.000
d9. Unique texture 0.485 0.0427 10
b4. Meet functional requirements 0.620 0.0366 12
b. Product Material 0.059 — 0.000
b5. Easy to clean and maintain 0.380 0.0224 22
c6. Sense of the trend 0417 0.0213 24
c. Product Color 0.051 - - 0.000
7. Unique personality 0.583 0.0297 16
k36. Good repair service 0.355  0.1385 4
7. With . .1537
. k. After-sales Service ~ 0.390 k37. With product warranty 0394 0.153 0.020
k) k38. Professmr.lal and friendly 0251  0.0979 6
£ customer service
£ '
A 0437 j33. Personal style and taste 0.165 0.0714 7
b j. Brand Value 0.433  j34. Good quality and value 0.391  0.1693 3 0.032
«©
M j35. Excellent brand evaluation 0.444 0.1923 1
- i31. Real price level 0.614  0.1087 5
i. Product Sales 0177 —; - - 0.000
i32. Experience physical access 0.386  0.0683 8
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5. Conclusions and Suggestion

To operate sustainably, companies need to produce excellent products, understand
customer needs, examine consumer psychology, and develop next-generation products in
advance. Therefore, designers need to design consumer-oriented products in consumers’
position, use efficient design strategies and the selection mechanism in the design process
to shape the consumer-oriented product image, and make the product that meets the
market demand. The selection from design alternatives of consumer products has the
characteristics of interdependence among the criteria. Therefore, it is very important to
propose quantitative analyses and objective references that meet the various practical
conditions, so that the company’s decision makers can accurately select the new product
development and design plan that bring the greatest benefits to the company. The results
and conclusions of this study are described as follows:

1. A Delphi survey was conducted to screen out five design methods (QTPCP) for
evaluating product design strategies, which are QFD, TRIZ, Patent, CAD and Prototype.
The analysis of the results of the questionnaire showed that experts from industry and
academia have had reached a general consensus about these design strategies, the consensus
value obtained is high (the threshold value is above 7.23, and the importance score is 0 to
10 points), and they all agreed that the design strategies can be widely used for the design
of other products.

2. In order to simplify the complexity and difficulty of the analysis process, many
previous studies on the selection of product design alternatives did not cover all the impact
dimensions that should be considered. In this study, design elements of different products
were collected and collated, the evaluation criteria were selected using the Fuzzy Delphi
Method (FDM), used as the basis for the Delphi survey, and the priority value of the
interdependence and design factors were obtained through the comprehensive calculation
of the super matrix, which can be used to select the optimal product design.

3. The results of this study, the “key design factor indicators”, will be provided as
a reference for subsequent consumer product related companies to design and develop
new products and examine the output results of each stage, one by one, according to the
indicators and factors, to ensure that they meet consumer needs. Understanding the voices
of consumers based on the results of this study and considering design conditions based
on consumer demand will provide companies and designers with new thinking in product
design, thereby enhancing product competitiveness and creating new opportunities for
the industry.

As for the research on the selection of product design factors, the following suggestions
and future research directions are also put forward:

1. When the Fuzzy Delphi Method is used to select the evaluation criteria of product
design factors, because the selection is determined based on the subjective cognition of
experts and scholars, the careful selection of experts and scholars directly affects the
correctness of the selection of the product design factors” evaluation criteria.

2. There are quite a lot of factors in the analytical network process used for this study,
and it is necessary to make pairwise comparisons of the interdependence between factors.
The procedure is quite complicated, so that experts need to do the interdependence analysis
of factors when conducting the questionnaire survey. Therefore, it requires considerable
patience, so it is suggested that other weighted comparison methods can be used to replace
the complicated questionnaire survey procedure and the weight calculation process after
conducting the questionnaire survey.

3. This study was not designed to verify the case of new product design. It is suggested
that this evaluation model be applied to different types of product design alternatives in
the future, to compare and analyze the results of different empirical studies, and then make
more specific contributions to the design field.



Mathematics 2022, 10, 397 24 of 25

Author Contributions: Conceptualization, K.-C.Y. and J.-Y.L.; formal analysis, J.-Y.L.; funding ac-
quisition, K.-C.Y.; methodology, K.-C.Y. and J.-Y.L.; software, J.-Y.L.; supervision, K.-C.Y., W.-T.H.
and ].-C.T.; writing—original draft, ].-Y.L.; writing—review and editing, K.-C.Y. and and J.-Y.L. All
authors have read and agreed to the published version of the manuscript.

Funding: The research was funded by the Ministry of Science and Technology of Taiwan, Republic of
China, grant number MOST 110-2622-H-018-001.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Chang, J.-C,; Lin, W.-C. Using Innovation Diffusion Theory to Examine Persona Design-A Case Study in Table PC. J. Cult. Creat.
Ind. Res. 2013, 3, 85-96. [CrossRef]

2. Fan, M,; Chiou, M.-H. A study of the factors effecting the time-to- market of new product development. In Proceedings of the
2005 9th Conference on Interdisciplinary and Multifunctional Business Management, Taipei, Taiwan, 28 May 2005; pp. 577-592.

3. Chou, C.-C. Research of Product Designing Using the Working standard Process. J. Lan Yang Inst. Technol. 2015, 14, 43-51.
[CrossRef]

4. Wu, C.-H.; Luh, D.-B. Myths Surrounding Innovation Design in the Industry 4.0 Era. Manag. Rev. 2018, 37, 35-51. [CrossRef]

5. Hsu, Y.-T. A Study on the Pedagogical Content Knowledge of Technology Education. Technol. Hum. Educ. Q. 2015, 2, 16-29.
[CrossRef]

6. Sung, M.-H.; Wang, B.-].; Yang, K.-L. Constructing a Theory-driven and Practice-based Intelligent Innovation Model: A Case
Study on Foot Pedals. J. Sci. Eng. Technol. 2012, 8, 1-8. [CrossRef]

7. Hung, K.-C.; Wang, C.-H.; Nien, S.-H.; Tu, C.-P; Wang, P-K.; Chen, P; Chang, W.-E. Establishment of Quality Function Deployment
Model Based on an Intuitionistic Fuzzy Approach: Optical Lens Development and Design. J. Qual. 2012, 19, 581-601. [CrossRef]

8. Li, XXM.M.; Zheng, M.; Xu, Z.; He, L. A framework of product innovative design process based on TRIZ and Patent Circumvention.
J. Eng. Des. 2013, 24, 830-848. [CrossRef]

9. Huang, H.-F; Hsieh, M.-H.; Hsieh, Y.-W. Comparison of Usability in the Different Design Drawing Tools for Industrial Design
Students. J. Ergon. Study 2019, 21, 27-39. [CrossRef]

10. Kuo, Y.-M,; Lin, Z.-C.; Tan, A.Y.K. Applying Design Thinking to the Research and Development of Innovative Nursing Devices. ].
Nurs. Res. 2021, 68, 13-18. [CrossRef]

11. Chang, W.C,; Lin, M.H. A Comparison Study between the Product Form Image and Product Form Feature. ]. Des. 2004, 9, 59-70.
[CrossRef]

12. Chavez, EC.; Chaurand, R.A.; Avila, L.C.L. Effect of Subjective Evaluation Factors on the Buying Decision of Residential Furniture.
Procedia Manuf. 2015, 3, 6467-6474. [CrossRef]

13.  Huang, H.-F,; Hsieh, M.-H.; You, J.-W. The Investigation of 3C Product’s Value in the Perception—The Case of Surface Materials
and Shapes. J. Ergon. Study 2020, 22, 1-15. [CrossRef]

14. Chen, W.-L.; Chiang, Y.-M.; Hsh, M.-Y. A Study on the Product Design Impact Factors of the Dehumidifier. . SHU-TE Univ. 2014,
16, 39-51.

15.  Chou, W.-R. Product Design under the Green Thinking: Case Studies. Praxes 2014, 8, 114-131.

16. Tu,J.-C.; Wu, C.-N. Impact of Awareness and Attitude of Environmental Protection and Green Consumption Behavior on Green
Furniture Design. J. Des. 2005, 10, 21-35. [CrossRef]

17.  Chou, S.-H.; Chu, H.-M.; Chiou, C.-Y.; Zhang, B.-K. Exploring the Relationship between Importance and Satisfaction on Product
Attributes for GPS Sport Watch Users. |. Tour. Leis. Manag. 2016, 4, 89-99. [CrossRef]

18. Prati, E,; Villani, V.; Peruzzini, M.; Sabattini, L. An Approach Based on VR to Design Industrial Human-Robot Collaborative
Workstations. Appl. Sci. 2021, 11, 11773. [CrossRef]

19. Chen, Z.-].; Chen, ]J.-X. Evaluation of the usability of the smartphone operating interface. Ind. Des. 2011, 124, 52-57. [CrossRef]

20. Lim, Y.R; Ariffin, A.S.; Ali, M.; Chang, K.-L. A Hybrid MCDM Model for Live-Streamer Selection via the Fuzzy Delphi Method,
AHP, and TOPSIS. Appl. Sci. 2021, 11, 9322. [CrossRef]

21. Chen, W.-L. Integrating FDM and ISM to Analyze the Key Design Indicators of Children Furniture. . SHU-TE Univ. 2020, 22,
49-66.

22.  Lai, W.-T. Constructing Performance Indicators for the Total Quality Teaching Method Using the Fuzzy Delphi Method. Int. |.
Intell. Technol. Appl. Stat. 2021, 14, 19-31. [CrossRef]

23. Li, W.-X,; Chang, Y.-Y.; Zhu, ]J.-W. Using ANP Model to Explore the Factors Considered by Consumers in Purchasing Sports
Equipment. |. Leis. Tour. Sport Health 2010, 15, 49-61. [CrossRef]

24. Ibrahim, M.; Bassford, M.; Ackerley, H.; Cornelius, V. Creative design dynamics and creative systems. IEEE Aerosp. Electron. Syst.
Mag. 2010, 25, 30-34. [CrossRef]

25. Chaung, Y.-J.; Wang, C.-T,; Lee, Y.-].; Wang, T.-H.; Lin, C.-B. Research on R & D and Innovation of Multi-functional Creative
Building Block Series. Tajen J. 2020, 54, 21-45.

26. Chang, P-T.; Sung, Y.-C.; You, J.-G. Relationship among Nike’s Brand Image, Value, and Satisfaction. Taiwan Hosp. Tour. ]. 2015,

10, 39-52.


http://doi.org/10.6639/jccir.201309_3(3).0001
http://doi.org/10.6665/jlyit.2015.14.43
http://doi.org/10.6656/mr.201807_37(3).Cni035
http://doi.org/10.6587/jthre.2015.2(2).2
http://doi.org/10.7117/jset.201209.0001
http://doi.org/10.6220/joq.2012.19(6).04
http://doi.org/10.1080/09544828.2013.856388
http://doi.org/10.6273/jes.201912_21(1).0003
http://doi.org/10.6224/jn.202112_68(6).03
http://doi.org/10.6381/jd.200409.0059
http://doi.org/10.1016/j.promfg.2015.07.928
http://doi.org/10.6273/jes.202012_22(1).0001
http://doi.org/10.6381/jd.200509.0021
http://doi.org/10.6510/jtlm.4(2).08
http://doi.org/10.3390/app112411773
http://doi.org/10.29918/id.201106.0009
http://doi.org/10.3390/app11199322
http://doi.org/10.6148/ijitas.202103_14(1).0002
http://doi.org/10.29969/jshl.201003.0006
http://doi.org/10.1109/MAES.2010.5525318

Mathematics 2022, 10, 397 25 of 25

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.
39.
40.
41.
42.

43.

44.
45.

46.

47.

Chen, W.-L.; Su, Y.-L.; Chang, S.-M. Application of Customer-Oriented to Explore Toy Product Design Demand Quality and
Planning Matrix. J. Prof. Mech. Eng. 2011, 4, 6-11. [CrossRef]

Wei, W.-L.; Chang, W.-C. A Study on Selecting Optimal Product Design Solution Using Fuzzy Delphi Method and Analytic. J.
Des. 2005, 10, 59-77. [CrossRef]

Wu, C.-F; Lin, K.-C,; Yang, C.-Y,; Liao, S.-F. The Influence of Relationship between Distinct Hand Tools and Universal Design
Scales with Screwdriver. . Des. 2016, 21, 25-43.

Yang, C.-M.; Liu, Z.-H.; Kao, C.-H.; Wang, X.-G. A Preliminary Study on DFX Based Green Product Assessment. Ind. Des. 2008,
119, 201-205. [CrossRef]

Hsiao, S.-W.; Zheng, J.-L. Application Research of Synchronous Design Strategy in Thermos Design. Ind. Des. 2010, 122, 1-6.
[CrossRef]

Chien, C.-W. How Form of Products can Affect Users” Functional and Emotional Cognition: Case Study on Cell Phone and Fan. J.
Des. Sci. 2019, 22, 85-110. [CrossRef]

Su, C.-H.; Wang, S.-H.; Tsai, T.-L. Applying Kano Two-Dimensional Quality Model to Explore FPS Games the Customer Demand
of Desktop Computers. Takming Univ. J. 2015, 39, 59-74.

Wu, H.-L.; Chen, J.-H. Survey the Tactic Performed Fashion Color by the Viewpoint of Marketing Communication. J. Des. Res.
2004, 4, 53-59. [CrossRef]

Wang, Y.; Liu, S. Ergonomic design of handheld products. Chin. J. Ergon. 2011, 17, 52-55.

Fang, C.-W.; Chang, P--Y.; Ning, H.-C.; Huang, C.-H.; Lo, M.-F,; Hung, C.-C,; Lin, H.-L.; Chu, T.-L.; Tsao, K.-C. Application of
an Innovative Quality Assessment Form for Medical Technology E-learning Materials: A Practical Design Facilitating Positive
Learning Experiences. J. Biomed. Lab. Sci. 2020, 32, 117-135.

Huang, S.-Y.; Wang, C.-Y. Product Design Investigation of Mobile Phone VR Headset. J. Qual. 2021, 28, 33-53. [CrossRef]
Noorderhuben, N. Strategic Decision Making; Addison-Wesley: Boston, MA, USA, 1995.

Chung, C.-W.; Xu, Y.-].; Chen, Y.-A ; Hsin, J.-C. Study on the Construction of Development Indicators of Recreational Fisheries by
the Fuzzy Delphi Method. Kaohsiung Norm. Univ. |. Educ. Soc. Sci. 2017, 43, 85-98.

Wang, W.-M.; Peng, H.-H. A Fuzzy Multi-Criteria Evaluation Framework for Urban Sustainable Development. Mathematics 2020,
8, 330. [CrossRef]

Hsu, H.-M.; Wey, W.-M.; Tsai, P.-]. The Applications of Analytic Network Process to the Priorities of Interdependent Housing
Projects Selection. J. Archit. 2007, 62, 49-74.

Jeng, T.-B. Fuzzy Assessment Model for Maturity of Software Organization in Improving its Staff’s Capability. Master’s Thesis,
National Taiwan University of Science and Technology, Taipei, Taiwan, 1996.

Chiu, Y.-H.; Jheng, Y.-M.; Hsieh, T.-Y. Using Fuzzy Delphi Method and Analytic Network Process in the Development Assessment
of the Cultural and Creative Industries Park. J. Archit. 2012, 80, 85-109. [CrossRef]

Saaty, T.L. The Analytic Hierarchy Process: Planning, Priority Setting, Resource Allocation; McGraw-Hill: New York, NY, USA, 1980.
Rodrigues, D.; Godina, R.; da Cruz, PE. Key Performance Indicators Selection through an Analytic Network Process Model for
Tooling and Die Industry. Sustainability 2021, 13, 13777. [CrossRef]

Lin, C.-T.; Chiang, C.-Y. Developing and Applying a Selection Model for Corrugated Box Precision Printing Machine Suppliers.
Mathematics 2021, 9, 68. Available online: https:/ /www.mdpi.com/2227-7390/9/1/68 (accessed on 5 December 2021). [CrossRef]
Chang, S.-S. Fuzzy Multi-Criteria Decision Making For. Evaluation Method; Wu-Nan Culture Enterprise: Taipei, Taiwan, 2012.


http://doi.org/10.6208/jpme-2011-03-02
http://doi.org/10.6381/jd.200509.0059
http://doi.org/10.29918/id.200811.0008
http://doi.org/10.29918/id.201005.0001
http://doi.org/10.30105/jds.201907_22(1).0005
http://doi.org/10.30178/sjyj.200407.0005
http://doi.org/10.6220/joq.202102_28(1).0003
http://doi.org/10.3390/math8030330
http://doi.org/10.6377/ja.201206.0005
http://doi.org/10.3390/su132413777
https://www.mdpi.com/2227-7390/9/1/68
http://doi.org/10.3390/math9010068

	Introduction 
	Theoretical Background 
	Innovative Product Design Methods 
	Consumer Product Design Factors 

	Research Methods 
	Establishment of Product Innovation Design Methods 
	Establishment of Design Factors That Meet Consumer Needs 
	Fuzzy Delphi Method (FDM) 
	Analytical Network Process (ANP) 
	Selection of Experts for Questionnaire Survey 

	Data Analysis and Results 
	FDM Analysis Results 
	Analysis Results by Analytical Network Process 

	Conclusions and Suggestion 
	References

