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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.
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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 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 comprehensively 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 relevant 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 formulating 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].




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 products 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 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.



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.




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 decisions 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:




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. establish 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 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    C L i   , geometric mean value    C M i   , and maximum value    C U i    of the remaining “most conservatively perceived values”, as well as the minimum value    O L i   , geometric mean value    O M i   , and maximum value    O M i    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 i  = (  C L i  ,    C M i  ,    C U i  )   of the “most conservatively perceived value” and the triangular fuzzy number    O i  = (  O L i  ,    O M i  ,    O U i  )   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 U i  ≤  O L i  )  . This means that opinion interval value of each expert has a consensus section and the opinions approach to the consensus section of (i). Therefore, let the “consensus importance value”    G i    of this evaluation item (i) be equal to the arithmetic mean of    C M i    and    O M i   , it is expressed as:


   G i  =    C M i  +  O M i    / 2  



(1)







2. There is overlap (there is a gray zone area), i.e.,   (  C U i  >  O L i  )  , and the fuzzy relationship gray zone    Z i  =  C U i  −  O L i    is smaller than the interval range    M i  =  O M i  −  C M i    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 i    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 i     X j    =     ∫  x    min    C i     X j    ,  O i     X j           



(2)






   G i  = {    { X   j       | max μ     p 1     



(3)







3. There is overlap (there is a gray zone area), i.e.,   (  C U i  >  O L i  )  , and the fuzzy relationship gray zone    Z i  =  C U i  −  O L i    is larger than the interval range    M i  =  O M i  −  C M i    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 perception) 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 i    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 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 between 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.


  A =        a  11      ⋯     a  1 j      ⋯     a  1 n        ⋮      ⋮      ⋮       a  il      ⋯     a  ij      ⋯     a  in        ⋮      ⋮      ⋮       a  nl      ⋯     a  nj      ⋯     a  nm          



(4)







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:


  CR =   CI   RI    



(5)






  CI =    λ  max   − n   n − 1    



(6)







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].


          C 1       e  11          e  12        C 1        C 2       C n      ⋮     e  11      ⋯     e  1  m 1         e  21      ⋯     e  2  m 2       ⋯     e  n 1      ⋯     e    nm  n           e  1  m 1              W =      C 2       e  21          e  22        ⋮       e  2  m 2                    W  11        W  12      ⋯     W  1 n                     W  12        a  22      ⋯     W  2 n                                    ⋮   ⋮   ⋮   ⋮       W  nl        a  n 2      ⋯     W  nm                  ⋮     ⋮              C n       e  n 1          e  n 2        ⋮       e    nm  n                



(7)







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.




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.





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 m i    (the most conservatively perceived value), the maximum value    O m i    (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 i   , the gray zone test value    Z i   , and the expert consensus value    G i    of the evaluation factors evaluated and listed by the experts in the questionnaire, as shown in Table 5.



Among them, all the gray zone test values of    Z i    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 i   , because whether the indicator is convergent depends on the relationship between the value of    M i    and the value of    Z i   , if    M i  >  Z i   , it means that the opinions of experts tend to be consistent and the indicator is convergent. If        M   i  >  Z i   , it means that the opinions of experts are too divergent, and the 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   i    and    Z i    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 i    is an important factor for screening indicators and the intersection of the minimum value    C m i   ’s Max value, and the maximum value    O m i   ’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 i    with a value below 6 can be excluded [47]. Chen Wenliang (2021) used the arithmetic mean of the    G i    values of all indicators as the threshold value, and any    G i    with a value below the arithmetic mean can be excluded [21]. The arithmetic mean of the    G i    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 differences between    M i         and   Z   i    of the 5 indicators are greater than 0, the indicators are convergent. The expert consensus values of    G i    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 i    and    Z i    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 i    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 7 shows the design elements in the evaluation of customer demand for “consumer products” summarized in this study, including “a. Product type”, “b. Product material”, “c. Product color”, “d. Product texture”, “e. Product function”, “f. Human 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 i    and    Z i    of the 11 indicators are greater than 0, the indicators are convergent, and the expert consensus values of    G i    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.



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 i    and    Z i    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 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 i    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.



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.




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.



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 Table 11, Table 12, Table 13, Table 14, Table 15, Table 16, Table 17, Table 18, Table 19, Table 20, Table 21, Table 22 and Table 23 are the pairwise comparison matrices of the “design elements” and the “design factors”.



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. 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 designer can better understand the influence among the design indicators and prioritize development indicators, helpful for designers in making effective design decisions.





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.
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Figure 1. Research Framework (compiled by this research). 
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Figure 2. Double Triangular Fuzzy Numbers [42]. 
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Figure 3. The system network structure of the evaluation standard (compiled by this research). 
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Table 1. Establishment of product innovation design strategy QTPCP (compiled by the researcher).
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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.




	
CAD (Actualization of design ideas) [9]

	
Use “CAD” drawing tools to design ID and MD of product 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.
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Table 2. Establishment of consumer product innovation design factors (compiled by this research).






Table 2. Establishment of consumer product innovation design factors (compiled by this research).





	
Design Indicator

	
Decision Elements

	
Design Elements

	
Design Factors

	
Literature Review (Scholar/Year)




	
W. R., Chou, (2014) [15]

	
C., Tu, et al. (2005) [16]

	
Y. J., Chaung, et al. (2020) [25]

	
W. C., Chang et al. (2004) [11]

	
P. T., Chang, et al. (2019) [26]

	
S. H., Chou, et al. (2016) [17]

	
W. L., Chen, (2020) [21]

	
W. L., Chen, et al. (2014) [14]

	
W. L., Chen, et al. (2011) [27]

	
W. L., Wei, et al. (2005) [28]

	
C. F., Wu, et al. (2016) [29]

	
C. M., Yang, et al. (2008) [30]

	
S. W., Xiao, et al. (2010) [31]

	
C. W., Chien, et al. (2018) [32]

	
C. H., Su, et al. (2015) [33]

	
H. L., Wu, et al. (2004) [34]

	
C. C., Chen, et al. (2011) [19]

	
W. H., Li, et al. (2010) [23]

	
Y. Wang, (2011) [35]

	
C.F., Cortés, et al. (2015) [12]

	
F. Chunhua. et al. (2020) [36]

	
S. Y., Huang, et al. (2021) [37]






	
User Demand

	
A. Product Aspects

	
a. Product Type

	
1. Moderate size

	

	

	
O

	

	

	

	

	
O

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	
O




	
2. Reasonable body weight

	

	

	

	

	

	

	

	
O

	

	

	
O

	
O

	

	

	

	

	

	

	

	

	

	




	
3. Unique style

	

	

	

	

	

	

	

	
O

	
O

	
O

	
O

	
O

	

	
O

	

	

	

	
O

	
O

	

	

	
O




	
4. Convey the emotion of the story

	

	
O

	
O

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	




	
5. Modeling organic bionics

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
O




	
6. The shape is geometrically symmetrical

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
7. The shape is cute and streamlined

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
b. Product Material

	
8. Meet functional requirements

	

	

	

	

	

	

	

	
O

	
O

	

	
O

	

	

	

	

	

	

	

	

	

	

	




	
9. Less processing and easy access

	

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	




	
10. Easy to clean and maintain

	

	

	

	

	

	

	
O

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	




	
c. Product Color

	
11. Sense of the trend

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	
O




	
12. Natural color and environmental friendly

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	




	
13. Harmonious and bright color

	

	

	

	
O

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	
O

	

	




	
14. Unique personality

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	




	
d. Product Texture

	
15. Anti-slip and comfortable touch

	

	

	

	

	

	

	
O

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	




	
16. Delicate craft value

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
O




	
17. Unique texture

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	




	
e. Product Function

	
18. Convenient and friendly control

	

	

	

	

	

	

	

	
O

	

	

	
O

	

	

	
O

	
O

	

	

	
O

	

	

	
O

	




	
19. Unique and innovative functions

	

	

	

	

	

	

	

	
O

	

	

	

	

	
O

	
O

	
O

	

	

	
O

	

	

	
O

	




	
20. Storage is light and easy

	

	

	
O

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	




	
21. The structure is stable and durable

	

	
O

	

	

	

	

	
O

	

	
O

	

	
O

	
O

	

	

	

	

	

	

	

	
O

	
O

	




	
22. Easy to carry and transport

	

	

	
O

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	
O




	
23. Easy to assemble and adjust

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	




	
24. Easy to disassemble and repair

	

	

	

	

	

	

	
O

	
O

	

	

	

	
O

	

	

	
O

	

	

	

	

	
O

	

	
O




	
25. Modularization and easy replacement

	

	
O

	

	

	

	

	
O

	
O

	
O

	

	

	
O

	

	

	

	

	

	

	

	

	
O

	




	
26. Comply with safety regulations

	

	

	

	

	

	

	
O

	
O

	

	

	

	

	

	

	

	

	

	

	

	
O

	

	




	
27. With education and learning

	

	

	
O

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
28. Additional functions

	

	

	

	

	

	

	
O

	

	
O

	

	

	

	
O

	

	

	

	

	

	

	
O

	

	




	
f. Human Factor Design

	
29. Comfortable to operate and wear

	

	

	

	

	

	

	
O

	

	

	

	

	

	
O

	

	

	

	

	

	
O

	

	

	
O




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

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	




	
31. Reliable safety protection

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	




	
32. The size can be adjusted

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	




	
33. Detailed operating instructions

	

	

	
O

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
34. No burrs and sharp corners

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
g. Human–Machine interface

	
35. Good icon recognition

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	




	
36. Fast control feedback

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	
O




	
37. The interface is intuitive and easy to learn

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	




	
38. High extension compatibility

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	




	
h. Sustainable Environmental Protection

	
39. Easy to disassemble and recycle

	
O

	
O

	

	

	

	

	
O

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	
O

	




	
40. Reproduction and reuse

	
O

	
O

	

	

	

	

	

	
O

	

	

	

	
O

	

	

	

	

	

	

	

	

	
O

	




	
41. The material is non-toxic and friendly

	
O

	
O

	

	

	

	

	
O

	
O

	

	

	

	
O

	

	

	

	

	

	

	

	

	
O

	




	
42. Longer life cycle

	

	
O

	

	

	

	

	

	
O

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	




	
43. Energy saving, carbon reduction and low consumption

	
O

	

	

	

	

	

	

	
O

	

	
O

	

	
O

	

	

	

	

	

	

	

	
O

	
O

	




	
44. Material/packaging reduction

	
O

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	




	
B. Brand Aspects

	
i. Product Sales

	
45. Real price level

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	
O

	

	

	

	
O




	
46. Brand Promotions

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	
O

	

	
O

	

	




	
47. Experience physical access

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	




	
j. Brand Value

	
48. Personal style and taste

	

	

	

	

	

	

	

	

	

	

	

	

	
O

	

	
O

	

	

	
O

	

	

	

	




	
49. Good quality and value

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	
O

	

	

	
O

	

	

	

	




	
50. High brand awareness

	

	

	

	

	
O

	

	

	

	
O

	

	

	

	

	

	

	

	

	
O

	

	

	

	




	
51. Manufacturing location

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
52. Commodities are serial

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	




	
53. Excellent brand evaluation

	

	

	

	

	
O

	

	

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	




	
k. After-sales Service

	
54. Good repair service

	

	

	

	

	

	
O

	

	
O

	

	
O

	

	

	

	

	
O

	

	

	

	

	
O

	

	




	
55. With product warranty

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
O

	

	

	

	

	

	

	




	
56. Professional and friendly customer service

	

	

	

	

	

	
O
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Table 3. Random index (RI).
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	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
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Table 4. Statistical analysis table of basic data of research object (compiled by this research).
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	Type
	Item
	Effective Number of Samples
	Percentage (%)





	Identity
	Innovative design research scholars

Enterprise development designer

Design company designer
	4

6

5
	27

40

33



	Education
	College

University

Master

PhD
	1

2

11

1
	7

13

73

7



	Working Experience
	5–10 years

11–15 years

16–20 years

More than 20 years
	0

5

6

4
	0

33

40

27



	Job & Duty
	Senior Executives

(Chairman, General Manager, Chief Executive Officer)

Supervisor (associate, manager, director, section chief)

Staff (engineers, designers)
	6



5

4
	40



33

27
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Table 5. The QTPCP design methods devised in this study (compiled by this research).
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Aspects & Indicator

	
Grey Zone Certified Value

	
Difference between Optimistic and Conservative Cognition Value

	
Mi-Zi Show Converged

	
Consensus Importance

	
Del or Not




	
      Z   i   =   C   U   i   −   O   L   i      

	
      M   i   =   O   M   i   −   C   M   i      

	
      M   i   −   Z   i      

	
      G   i      






	
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

	
3.8

	
2.8

	
7.32

	




	
CAD (Actualization of design ideas)

	
1

	
3.56

	
2.56

	
7.31

	




	
Prototype (Realization of designs)

	
1

	
3.48

	
2.48

	
7.37
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Table 6. This research has summarized the results of the analysis of the decision-making elements of the customer demand (compiled by this research).






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





	
Aspects & Indicator

	
Grey Zone Certified Value

	
Difference between Optimistic and Conservative Cognition Value

	
Mi-Zi Show Converged

	
Consensus Importance

	
Del or Not




	
      Z   i   =   C   U   i   −   O   L   i      

	
      M   i   =   O   M   i   −   C   M   i      

	
      M   i   −   Z   i      

	
      G   i      






	
A. Product Dimension

	
1

	
3.55

	
2.55

	
7.35

	




	
B. Brand Dimension

	
1

	
4.1

	
3.1

	
7.34
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Table 7. Design elements of customer demand (compiled by this research).






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





	
Aspects & Indicator

	
Grey Zone Certified Value

	
Difference between Optimistic and Conservative Cognition Value

	
Mi-Zi Show Converged

	
Consensus Importance

	
Del or Not




	
      Z   i   =   C   U   i   −   O   L   i      

	
      M   i   =   O   M   i   −   C   M   i      

	
      M   i   −   Z   i      

	
      G   i      






	
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

	
2.72

	
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

	
7.43

	




	
h. Sustainable Environmental Protection

	
2

	
3.75

	
1.53

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






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





	
Aspects & Indicator

	
Grey Zone Certified Value

	
Difference between Optimistic and Conservative Cognition Value

	
Mi-Zi Show Converged

	
Consensus Importance

	
Del or Not




	
      Z   i   =   C   U   i   −   O   L   i      

	
      M   i   =   O   M   i   −   C   M   i      

	
      M   i   −   Z   i      

	
      G   i      






	
1. Moderate size

	
0

	
3.8

	
3.8

	
7

	




	
2. Reasonable body weight

	
0

	
3.9

	
3.9

	
7

	




	
3. Unique style

	
3

	
4.2

	
1.2

	
6.21

	




	
4. Convey the emotion of the story

	
4

	
3.6

	
−0.4

	
4.42

	
X




	
5. Modeling organic bionics

	
1

	
4

	
3

	
4.54

	
X




	
6. The shape is geometrically symmetrical

	
1

	
3.7

	
2.7

	
5.38

	
X




	
7. The shape is cute and streamlined

	
2

	
3.8

	
1.8

	
4.15

	
X




	
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

	
4.1

	
2.1

	
6.54

	




	
12. Natural color and environmental friendly

	
2

	
4

	
2

	
5.11

	
X




	
13. Harmonious and bright color

	
2

	
3.6

	
1.6

	
5.78

	
X




	
14. Unique personality

	
3

	
4.1

	
1.1

	
6

	
X




	
15. Anti-slip and comfortable touch

	
1

	
3.6

	
2.6

	
6.43

	




	
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

	
1

	
3.6

	
2.6

	
7.4

	




	
19. Unique and innovative functions

	
2

	
3.7

	
1.7

	
6.7

	




	
20. Storage is light and easy

	
2

	
3.6

	
1.6

	
6.8

	




	
21. The structure is stable and durable

	
1

	
3.5

	
2.5

	
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 and repair

	
1

	
3.7

	
2.7

	
6.5

	




	
25. Modularization and easy replacement

	
2

	
3.5

	
1.5

	
6.9

	




	
26. Comply with safety regulations

	
1

	
3.6

	
2.6

	
7.4

	




	
27. With education and learning

	
1

	
3.9

	
2.9

	
5.4

	
X




	
28. Additional functions

	
1

	
4.2

	
3.2

	
5.4

	
X




	
29. Comfortable to operate and wear

	
0

	
3.2

	
3.2

	
8

	




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

	
2

	
3.1

	
1.1

	
6.9

	




	
31. Reliable safety protection

	
0

	
3.4

	
3.4

	
8

	




	
32. The size can be adjusted

	
2

	
3.3

	
1.3

	
6.8

	




	
33. Detailed operating instructions

	
3

	
3.5

	
0.5

	
6.8

	




	
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

	
7

	




	
37. The interface is intuitive and easy to learn

	
1

	
3.3

	
2.3

	
8.3

	




	
38. High extension compatibility

	
3

	
3.4

	
0.4

	
6.4

	




	
39. Easy to disassemble and recycle

	
3

	
3.9

	
0.9

	
6.2

	




	
40. Reproduction and reuse

	
4

	
3.8

	
−0.2

	
5.5

	
X




	
41. The material is non-toxic and friendly

	
3

	
3.6

	
0.6

	
6.3

	




	
42. Longer life cycle

	
5

	
3

	
−2

	
5.9

	
X




	
43. Energy saving, carbon reduction and low consumption

	
2

	
3.3

	
1.3

	
5.2

	
X




	
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

	
−2.4

	
5.3

	
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

	
7.4

	




	
55. With product warranty

	
1

	
3.6

	
2.6

	
7.4

	




	
56. Professional and friendly customer service

	
0

	
3.3

	
3.3

	
8
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Table 9. Results of screening design factors for customer needs assessment (compiled by this research).






Table 9. Results of screening design factors for customer needs assessment (compiled by this research).





	
Design Indicator

	
Decision Elements

	
Design Elements

	
Design Factors






	
User Demand

	
A. Product Dimension

	
a. Product Type

	
a1. Moderate size




	
a2. Reasonable body weight




	
a3. Unique style




	
b. Product Material

	
b4. Meet functional requirements




	
b5. Easy to clean and maintain




	
c. Product Color

	
c6. Sense of the trend




	
c7. Unique personality




	
d. Product Texture

	
d8. Anti-slip and comfortable touch




	
d9. Unique texture




	
e. Product Function

	
e10. Convenient and friendly control




	
e11. Unique and innovative functions




	
e12. Storage is light and easy




	
e13. The structure is stable and durable




	
e14. Easy to carry and transport




	
e15. Easy to assemble and adjust




	
e16. Easy to disassemble and repair




	
e17. Modularization and easy replacement




	
e18. Comply with safety regulations




	
f. Human Factor Design

	
f19. Comfortable to operate and wear




	
f20. Energy-saving, labor-saving and low-consumption




	
f21. Reliable safety protection




	
f22. The size can be adjusted




	
f23. Detailed operating instructions




	
f24. No burrs and sharp corners




	
g. Human–Machine Interface

	
g25. Good icon recognition




	
g26. Fast control feedback




	
g27. The interface is intuitive and easy to learn




	
g28. High extension compatibility




	
h. Sustainable Environmental Protection

	
h29. Easy to disassemble and recycle




	
h30.The material is non-toxic and friendly




	
B. Brand Dimension

	
i. Product Sales

	
i31. Real price level




	
i32. Experience physical access




	
j. Brand Value

	
j33. Personal style and taste




	
j34. Good quality and value




	
j35. Excellent brand evaluation




	
k. After-sales Service

	
k36. Good repair service




	
k37. With product warranty




	
k38. Professional and friendly customer service
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Table 10. Pairwise comparison matrix between “Decision Elements” dimensions.






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






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





	Design Elements
	a.
	b.
	c.
	d.
	e.
	f.
	g.
	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
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Table 12. Pairwise comparison matrix between “Decision Elements” of brand B dimensions.






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






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





	Design Factors
	a.1.
	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
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Table 14. Pairwise comparison matrix between “Design Factors” of product material B dimensions.






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






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





	Design Factors
	c.6.
	c.7.





	c.6. Sense of the trend
	1
	0.7141



	c.7. Unique personality
	1.4004
	1
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Table 16. Pairwise comparison matrix between “Design Factors” of product texture D dimensions.






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





	Design Factors
	d.8.
	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.






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
	0.7799
	1.1719
	1.5211
	1.9468
	1.9368
	0.6153



	e.11. Unique and innovative functions
	1.0032
	1
	0.8351
	0.6021
	0.8783
	1.0856
	0.971
	1.3138
	0.4953



	e.12. Storage is light and easy
	0.8489
	1.1975
	1
	0.3345
	0.4766
	0.4411
	0.5228
	0.7339
	0.3818



	e.13. The structure is stable and durable
	1.2822
	1.6609
	2.9895
	1
	1.4874
	1.1723
	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
	0.9211
	2.2671
	0.8530
	1.4710
	1
	0.9535
	0.9385
	0.3099



	e.16. Easy to disassemble and repair
	0.8533
	1.0299
	1.9128
	0.8012
	2.1706
	1.0488
	1
	1.0871
	0.3437



	e.17. Modularization and easy replacement
	0.5163
	0.9211
	1.3626
	0.9221
	2.0333
	1.0655
	0.9199
	1
	0.4066



	e.18. Comply with safety regulations
	1.6252
	2.0190
	1.9128
	3.6271
	3.0544
	3.2268
	2.9095
	2.4594
	1
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Table 18. Pairwise comparison matrix between “Design Factors” of human factors design F dimensions.






Table 18. Pairwise comparison matrix between “Design Factors” of human factors design F dimensions.





	Design Factors
	f.19.
	f.20.
	f.21.
	f.22.
	f.23.
	f.24.





	f.19. Comfortable to operate and wear
	1
	2.0638
	0.5173
	1.225
	2.0197
	0.8027



	f.20. Energy-saving, labor-saving and low-consumption
	0.4845
	1
	0.5075
	0.9477
	1.6213
	0.8677



	f.21. Reliable safety protection
	1.9331
	1.9704
	1
	2.1463
	2.8769
	1.2001



	f.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
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Table 19. Pairwise comparison matrix between “Design Factors” of human–machine interface G dimensions.






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






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






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



	i.32. Experience physical access
	0.6298
	1
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Table 22. Pairwise comparison matrix between “Design Factors” of brand value J dimensions.






Table 22. Pairwise comparison matrix between “Design Factors” of brand value J dimensions.





	Design Factors
	j.33.
	j.34.j
	j.35.j





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






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










[image: Table] 





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






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





	
Design Indicator

	
Decision Elements

	
Decision Weighting

	
Design Elements

	
Elements Weighting

	
Design Factors

	
Factors Weighting

	
Overall Weighting

	
Sorting

	
CR






	
Demand

	
A. Product Dimension

	
0.563

	
g. Human–Machine interface

	
0.208

	
g25. Good icon recognition

	
0.199

	
0.0414

	
11

	
0.013




	
g26. Fast control feedback

	
0.270

	
0.0562

	
3




	
g27. The interface is intuitive and easy to learn

	
0.531

	
0.1104

	
1




	
g28. High extension compatibility

	
0.211

	
0.0439

	
9




	
f. Human Factor Design

	
0.172

	
f19. Comfortable to operate and wear

	
0.178

	
0.0306

	
15

	
0.012




	
f20. Energy-saving, labor-saving and low-consumption

	
0.130

	
0.0224

	
23




	
f21. Reliable safety protection

	
0.274

	
0.0471

	
6




	
f22. 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




	
e. Product Function

	
0.171

	
e10. Convenient and friendly control

	
0.156

	
0.0267

	
19

	
0.029




	
e11. Unique and innovative functions

	
0.118

	
0.0202

	
27




	
e12. Storage is light and easy

	
0.081

	
0.0139

	
30




	
e13. The structure is stable and durable

	
0.158

	
0.0270

	
18




	
e14. Easy to carry and transport

	
0.100

	
0.0171

	
28




	
e15. Easy to assemble and adjust

	
0.124

	
0.0212

	
25




	
e16. Easy to disassemble and repair

	
0.137

	
0.0234

	
21




	
e17. Modularization and easy replacement

	
0.124

	
0.0212

	
26




	
e18. Comply with safety regulations

	
0.306

	
0.0523

	
5




	
h. Sustainable Environmental Protection

	
0.142

	
h29. Easy to disassemble and recycle

	
0.369

	
0.0524

	
4

	
0.000




	
h30.The material is non-toxic and friendly

	
0.631

	
0.0896

	
2




	
a. Product Type

	
0.108

	
a1. Moderate size

	
0.415

	
0.0448

	
8

	
0.001




	
a2. Reasonable body weight

	
0.320

	
0.0346

	
13




	
a3. Unique style

	
0.266

	
0.0287

	
17




	
d. Product Texture

	
0.088

	
d8. Anti-slip and comfortable touch

	
0.515

	
0.0453

	
7

	
0.000




	
d9. Unique texture

	
0.485

	
0.0427

	
10




	
b. Product Material

	
0.059

	
b4. Meet functional requirements

	
0.620

	
0.0366

	
12

	
0.000




	
b5. Easy to clean and maintain

	
0.380

	
0.0224

	
22




	
c. Product Color

	
0.051

	
c6. Sense of the trend

	
0.417

	
0.0213

	
24

	
0.000




	
c7. Unique personality

	
0.583

	
0.0297

	
16




	
B. Brand Dimension

	
0.437

	
k. After-sales Service

	
0.390

	
k36. Good repair service

	
0.355

	
0.1385

	
4

	
0.020




	
k37. With product warranty

	
0.394

	
0.1537

	
2




	
k38. Professional and friendly customer service

	
0.251

	
0.0979

	
6




	
j. Brand Value

	
0.433

	
j33. Personal style and taste

	
0.165

	
0.0714

	
7

	
0.032




	
j34. Good quality and value

	
0.391

	
0.1693

	
3




	
j35. Excellent brand evaluation

	
0.444

	
0.1923

	
1




	
i. Product Sales

	
0.177

	
i31. Real price level

	
0.614

	
0.1087

	
5

	
0.000




	
i32. Experience physical access

	
0.386

	
0.0683

	
8
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