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Abstract

:

Meeting the personalized needs of users is the key to achieving the sustainable success of a product. It depends not only on the product’s functionality but also on satisfying users’ emotional needs for the product’s appearance. Therefore, researchers have been conducting research focusing on Kansei engineering theory to determine users’ emotional needs effectively. The initial process involves accurately extracting and filtering emotional data and Kansei words from consumers. Thus, we propose an evaluation model to efficiently obtain, screen, and sort these Kansei words based on Kansei engineering, using household portable air conditioners as research subjects. By integrating techniques for online user comment mining methods, users’ Kansei terms related to the product’s appearance can be gathered efficiently. These terms are then combined with image samples and filtered to determine a final set of 16 Kansei word pairs. Subsequently, the fuzzy analytic hierarchy process (FAHP) is utilized to prioritize these terms, and the fuzzy comprehensive evaluation (FCE) method is used to validate the results and determine the applicability of the evaluation model. The results showed that Kansei words could be quickly and objectively acquired using existing text mining techniques on online reviews. Moreover, the weights of different Kansei terms of the product’s appearance in the consumer’s perception are accurately produced through the FAHP. This evaluation model marks a significant advancement in accurately obtaining users’ emotional data in Kansei engineering. It offers valuable guidance for designing products that meet users’ personalized needs, enhancing design efficiency and reducing resource wastage at the early stages of designing, and improving the sustainability development of Kansei engineering.
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1. Introduction


With the continuous advancement of production technology and the rapid growth of the economy, the focus on sustainability in product design is changing. Although the environmental dimension is considered a priority [1], it is equally important to improve the product innovation level, optimize the design process, and enhance the Emotionally Durable Design (EDD) [2]. To design products that meet users’ personalized needs in the context of Industry 4.0, raising consumer purchasing power is the key to sustainable competitiveness [3]. The success of a personalized product is not only reflected in the daily needs brought by the product’s basic functions but also in the fact that users demonstrate a greater focus on aesthetics nowadays. Studies have shown that a product’s appearance significantly influences consumer preferences and purchasing decisions [4]. Consequently, product design and research should not only focus on enhancing functionality but also on addressing the emotional needs of consumers regarding the product’s style [5]. In the past, designers often assumed they understood consumer preferences, thus making subjective design choices that may not align with actual consumer preference [6]. Successful products are those that consider user preferences and cater to their psychological needs, thereby attracting the relevant consumer base [7,8]. Users’ satisfaction with the product largely depends on the product’s appearance characteristics, including elements like shape, color, and material [9]. By transforming these design elements into emotional needs, emotional satisfaction can be improved, which influences purchasing decisions and provides companies with a competitive edge.



To analyze users’ emotional needs and translate them into tangible product features, researchers have adopted Kansei engineering as a critical research method. As a prominent method in this field, Kansei engineering has been extensively applied across various domains [10]. It transforms users’ vague emotional needs and perceptions into concrete design factors, aiding designers in their creative tasks [11]. Throughout the standard process of Kansei engineering, obtaining emotional data accurately and efficiently is the first and most crucial step after selecting the research subject. The first step involves gathering emotional data relevant to the design objectives. These data are usually called Kansei words and are expressed as adjectives reflecting users’ feelings and perceptions about a product [12,13]. In traditional methods, Kansei words are collected through a mass of surveys, interviews, focus groups, and meetings to measure and evaluate emotional responses, which is time-consuming, and limitations like small sample sizes and subjective biases will be encountered [14,15].



However, text mining technology has emerged as a powerful tool for rapidly and broadly acquiring user opinions and experiences from the web. Compared to traditional methods of obtaining Kansei words, methods based on text mining are advantageous and are gradually being adopted. For example, LIU et al. used web crawling technology to perform text mining and processing on user online reviews, innovating the traditional design process of Kansei engineering [16]. Lai et al. developed a new text mining framework using web crawling technology to obtain and analyze data from car reviews of different brands, proposing a new model of product features and emotional images [17]. Wang et al. obtained user comments from the web based on text mining and classified emotional attributes [18]. Kim et al. extracted emotional variables from user comments on lounges using text mining combined with self-organizing maps (SOMs) for classification [8]. Several studies have demonstrated that these methods based on online user comment text mining can quickly gather large datasets, facilitating in-depth analysis of user emotions.



Currently, most research focuses on developing and improving the methods and processes for obtaining Kansei words using text-mining techniques or categorizing Kansei words obtained through text-mining techniques in different ways. However, it is worth noting that different Kansei words have different levels of importance for consumers, which means that determining the priority among Kansei words is crucial for maximizing the satisfaction of consumers’ emotional needs.



Multi-criteria decision-making (MCDM), a decision-making tool consisting of quantitative and qualitative factors, is essential for researchers to capture the emotional needs of users towards product aesthetics [19]. The FAHP is one of the techniques used in MCDM. To address the ambiguity and uncertainty issues that cannot be resolved in the traditional analytic hierarchy process, scholars (Laarhoven and Pedrycz) have applied fuzzy theory to develop the fuzzy analytic hierarchy process [20]. For ambiguous factors such as Kansei words, which cannot be precisely defined, fuzzy theory can be combined to conduct the fuzzy evaluation.



This study introduces an evaluation model based on Kansei engineering using text mining and FAHP to efficiently collect, screen, prioritize, and evaluate different Kansei words and their weights in the users’ perspectives. Focusing on the appearance of portable household air conditioners, the study employs text mining to extract Kansei words from user comments on China’s two major shopping websites (www.taobao.con and www.jd.com accessed on 18 August 2023). The FAHP is then used to classify and assess these emotional vocabularies, establishing their relative weight in users’ perceptions. The results are validated through the fuzzy comprehensive evaluation (FCE).



The main contributions of this research are as follows: (1) proposing an innovative evaluation method based on the fundamental theories of Kansei engineering, in which users’ Kansei terms are sorted by weights, and online reviews and text mining are combined with fuzzy logic to accurately obtain the emotional data of products from users; (2) improving the first stage, or the method of mining users’ Kansei data, of traditional Kansei engineering, providing sustainable support for the future comprehensive development of the whole process of Kansei engineering; (3) optimizing the early stages of product design, offering guidelines on creating products that meet users’ personalized needs, increasing design efficiency, and strengthening products’ sustainable competitiveness.




2. Methodology


This study applies Kansei engineering and FAHP to extract, assess, and analyze the visual features of portable household air conditioners. The initial step involves selecting an appropriate product for investigation. This is followed by utilizing existing online tools to extract user comments about the product and processing them to obtain adjectives related to its appearance. Using pictorial samples, these adjectives are filtered with a questionnaire, and the final phrases are constructed using the semantic differential method. Subsequently, evaluation systems are developed for each factor through FAHP, and the factors are sorted according to their relative weights. The results are organized into different plans that are evaluated and validated using FCE. The research process is depicted in Figure 1.



2.1. Kansei Engineering


The concept of Kansei engineering, first introduced by Japanese scholars in 1986, is an ergonomic methodology for consumer-centric product development [12]. It aims to translate people’s unclear emotional responses into definitive design variables by delving into psychological perception levels [21,22]. Typically, Kansei engineering is applied in product design to enhance design efficiency and guide the design process. Its application has been extensively researched and validated across the design field. For example, Chang and Chen combined Kansei engineering and Morphological Analysis of product features to prioritize the design elements of a car steering wheel [23]. Razza, B. similarly discusses the relationship between users’ emotional responses to disposable razors and design features in the context of Kansei engineering and Morphological Analysis of product features [24]. Gan, Y. et al. combined Kansei engineering and a deep convolutional generative adversarial network (DCGAN) to analyze the design of social robot designs [25]. There are many other applications for analyzing or redesigning user-centered products by discussing the user’s feelings through a combination of Kansei engineering and various other analytical methods, such as train seat image design, web page optimization, kitchen faucets, and mobile phone design [26,27,28,29]. Moreover, Kansei engineering has been widely used in service design research, such as sustainable service design based on Kansei engineering for airports, logistics services, hospitality services [30,31,32,33], and so on, to attract customers and increase their satisfaction. Through research in many areas, Kansei engineering has become the key to meeting user perceptions and needs [34].



The research framework of Kansei engineering was proposed by Schütte [35], as shown in Figure 2. It is based on the selected research area in two directions: the semantic space and the product properties.



Establishing the semantic space starts with collecting emotional words related to the product, screening these words, and finally compiling them [35]. Although methods like literature reviews and focus interviews are commonly used for collecting Kansei words, words collected from literature, being professionally edited, may sometimes miss out on everyday language and favor more specialized words. This method might not effectively capture words in time for new products through literature searches. Although more realistic words can be gathered through focus interviews, the limited number of participants and interviewer bias can lead to inaccuracies.




2.2. Text Mining Based on User Online Reviews


Online Customer Reviews (OCRs) are user-generated content on company or third-party websites [36]. With the internet’s rapid development, users have extensively shared their views, experiences, and suggestions on various societies. These reviews have offered a rich data source for designers and companies to analyze user needs deeply and have supported product development and marketing strategies [37]. Thus, employing machine learning algorithms to mine online user reviews presents a time- and cost-efficient method to gather large datasets objectively. For example, Guo et al. identified key factors of hotel customer service by integrating text mining of online reviews [38]. Liu discussed the impact of reviews on consumer perceptions by analyzing online reviews of travel products [39]. Filieri, R. discussed the impact of online reviews on consumers using dual-process theory [40]. Park, S. discusses the impact of different levels of reviews by analyzing online reviews of London and New York restaurants [41]. It can be seen that by mining the online reviews of users, we can effectively grasp the needs of users and the impact brought.



Online Review Acquisition Tools


Existing software tools for online use comment collection are very mature, such as Bazhuayu v8.6.4 (www.bazhuayu.com, accessed on 9 August 2023), a professional web crawler software that meets the data collection requirements of most web pages. Its user-friendly nature has led to its widespread adoption by researchers for data mining purposes. For instance, Huang et al. used Bazhuayu to gather users’ mental health queries [42]. Li et al. collected data such as Beijing hotels’ names, addresses, and operating hours with this tool [43]. Similarly, Wu et al. extracted user reviews for Lanzhou hotels using Bazhuayu and conducted a sentiment analysis on the data [44]. Typically, it is necessary to perform preprocessing steps after acquiring Chinese text data, like removing irrelevant symbols and stop words, as well as segmenting Chinese text. Weiciyun (www.weiciyun.com, accessed on 19 August 2023), a Chinese online text processing tool, helps users process large volumes of text data. It offers features such as online word segmentation, word frequency statistics, and word cloud generation, and it is increasingly being utilized in academia. For example, Han and Zhang employed text processing tools, including Weiciyun, to analyze official documents on industrial heritage and identify research themes [45]. Shi and Cheng conducted a word frequency analysis on user comments about men’s wool sweaters on JD.com using Weiciyun, identified 55 high-frequency words, and categorized them [46]. Research indicates that the current data acquisition and processing tools meet most research needs.





2.3. Fuzzy Analytic Hierarchy Process


Saaty created the Analytic Hierarchy Process, which is now used as a multi-criteria decision-making tool in various fields such as engineering, economics, design, and politics [47,48]. The concept of fuzzy theory was first proposed by Professor Zadeh, L. A. of the University of California, USA, in 1965. This method is used to handle imprecise data and to calculate and solve decision problems with fuzzy attributes [49]. The main reason for combining fuzzy set theory and the Analytic Hierarchy Process (AHP) is that human perception of particular things is not certain, so precise numbers cannot accurately represent human judgment and preference. The decision-making process needs to consider the uncertainty and fuzziness of human behavior; otherwise, errors may occur [19]. Nowadays, the fuzzy AHP has been widely used in the field of product design. For example, Hsiao evaluated the color schemes of cars based on this method. He also conducted a weight analysis of the elements in bicycle exterior design, where different design schemes were then subjected to fuzzy evaluation to determine the optimal design elements [5,50]. Additionally, Yadav, H. C. et al. used this method to rank the priority of aesthetic attributes in car exterior design [51]. Olabanji, O.M. combined the fuzzy analytic hierarchy process and fuzzy weighted average method to evaluate four design concepts for the Royal Air Force [52]. Lin combined the fuzzy analytic hierarchy process and fuzzy Delphi method to evaluate fashion design solutions to arrive at the criteria for solution selection [53]. Scholars also employed this method to study and evaluate user preferences and perceptions of Thai ceramic images [4].



This paper constructs a pairwise comparison matrix using the FAHP on triangular fuzzy numbers, transforming survey data into reciprocal fuzzy matrices. While more complex than traditional AHP, this method translates explicit values into fuzzy numbers and membership functions, effectively resolving uncertainties unaddressed by traditional AHP.



The membership function of triangular fuzzy numbers is shown in Figure 3, and the corresponding importance degree and the endpoint values of the fuzzy numbers are shown in Table 1.



The general steps of the FAHP are as follows:



Step 1: construct the fuzzy pairwise comparison matrix. The fuzzy pairwise comparison matrix     R  ~    is obtained by comparing the factors of the criteria pairwise, as shown in Formula (1),       r  ~    i j   = (   l   i j   ,   m   i j   ,   u   i j   )  , and when   i   is not equal to 1,       r  ~    i j   =       r  ~    i j     − 1    . Conversely, when       r  ~    i j   =       r  ~    i j     − 1   = 1  , it indicates that these two elements are equally important.


    R  ~  =         r  ~    i j       n × n   ; ( i = 1,2 , . . . , n . j = 1,2 , . . . , n )  



(1)







Step 2: calculate the fuzzy weight vector     W  ~   . The method used in this study is the geometric mean method, as shown in Formula (2).


       Z  ~    i   = (     a  ~    i 1   ⊗     a  ~    i 2   ⊗ . . . ⊗     a  ~    i n     )   1 / n   ; ( i = 1,2 , . . . , n )        W  ~    i   =     Z  ~    i   ⊗ (     Z  ~    1   ⊕     Z  ~    2   ⊕ . . . ⊕     Z  ~    n     )   − 1   ; ( i = 1,2 , . . . , n )   



(2)







Step 3: calculate the fuzzy maximum eigenvalue       λ  ~    m a x     as shown in Formula (3).


      λ  ~    max   =     A  ~  ⊗   W  ~    n   ; ( n = m a t r i x   o r d e r )  



(3)







Step 4: defuzz the weight values     W  ~    as shown in Formula (4).


    W   i =         W  ~    i       ∑  i = 1   n        W  ~    i       ;     W  ~    i   = (   W   l   ,   W   m   ,   W   n   )  



(4)







Step 5: carry out a consistency check. To judge whether the results of the comparison matrix are reasonable, it is necessary to conduct a consistency check on the weights. The consistency check value is denoted as CI as shown in Formula (5).


  C I =   λ   max  ⁡  −   n   n − 1   , ( n = m a t r i x   o r d e r ,     λ  ~    m a x   = m a x i m u m   e i g e n v a l u e   o f   t h e   m a t r i x )  



(5)







Step 6: judge the test results of the matrix by the value of the consistency ratio CR (consistency ratio). If CR < 0.1, the test results pass; otherwise, the researchers must modify the original values in the judgment matrix. The calculation of the CR value is shown in Formula (6).


  C R =   C I   R I    



(6)




where RI (Random Index) is the value corresponding to the order n of the evaluation matrix in the random index table, as shown in Table 2.




2.4. Fuzzy Comprehensive Evaluation


Finally, the fuzzy comprehensive evaluation (FCE) is also an evaluation method grounded in fuzzy theory. It is designed to reduce uncertainty and fuzziness in the results by constructing membership functions based on the principle of maximum membership [54]. FCE involves setting evaluation sets and defining membership functions that represent the degree to which each factor in the evaluation set belongs to a specific category. The higher the membership value, the greater the relevance of the factor to that category. Various types of membership functions exist, such as triangular, trapezoidal, and Gaussian. The choice of membership function typically depends on the evaluation set. In this study, the triangular membership function was used for comprehensive evaluations. The functions are depicted in Figure 4, and its formula is described in Formula (7).


    μ   A     x   =      1       b − x   b − a       0           x < a     a ≤ x ≤ b     x ≥ b      ,   μ   A     x   =      0       x − a   b − a         c − x   c − b       o             x < a     a ≤ x ≤ b     b ≤ x ≤ c     x > c      ,   μ   A     x   =      1       b − x   b − a       0           x < b     b ≤ x ≤ c     x ≥ c       



(7)









3. Results


3.1. Selection of Research Objects


Along with the diversification in people’s lifestyles, their living space has also been constantly changing. With their innovative features, portable air conditioners have begun to enter people’s lives. In contrast with traditional fixed air conditioners, they are more user-friendly, more flexible, and come with lower installation costs [55,56,57]. This means that products that are more easily repaired and upgraded help extend their life, while extended life means less negative impact on the environment. Meanwhile, most research on portable air conditioners focuses on their functionality and efficiency improvements, like Yoon Ji’s study on condensate in condensers to increase overall efficiency [58] and Jang’s research on reducing energy consumption through pipeline improvements [59]. These discoveries help improve the working efficiency of a product while reducing the harm to the environment.



It is worth noticing that there has been a lack of relevant design and research on the appearance of household portable air conditioners. As an intelligent product with potential for sustained future development, considering the importance of product appearance factors for the overall product, studying the appearance of household portable air conditioners can complement research in other areas of product functionality.




3.2. Mining Kansei Words Based on User Online Reviews


This study was based on the general process of Kansei engineering, first obtaining the users’ Kansei words for household portable air conditioners. The study used web crawling and text processing software to extract and filter the Kansei words based on user comments on related products on shopping websites, which was more objective, efficient, and had a larger sample size.



The data mining tool “Bazhuayu v8.6.4” (www.bazhuayu.com) was used to collect user comments on household portable air conditioners from the major Chinese shopping websites Taobao (www.taobao.com) and JD (www.jd.com) accessed on 18 August 2023. These two major shopping websites allow customers who have purchased products to share their opinions as comments, which are retained on the web page and can be viewed by other users. First, a search was conducted using “portable air conditioner” as the keyword, and the top 100 products with the highest comprehensive scores on each shopping website were selected, resulting in 200 products from the two websites. In addition, each product’s first five pages of user comments were extracted, and the obtained text data were further processed using Bazhuayu. After filtering out other products that appeared when searching for a product (such as platform automatic recommendations or product advertisements), 2374 user comments (155,635 words) related to 200 household portable air conditioners were obtained.



Subsequently, all the text data obtained from the two shopping websites were integrated. The comments were segmented, deduplicated, and annotated according to parts of speech using the online text processing software “Weiciyun” (www.weiciyun.com, accessed on 19 August 2023). Words with less than two characters were removed, and words with the part of speech as an adjective were selected. In total, 451 adjectives related to portable air conditioners were extracted, along with 11 non-adjective words related to product appearance. These were then arranged in descending order based on their frequency of occurrence, as shown in Table 3.



After group discussions, adjectives unsuitable for describing the product’s appearance, such as ‘convenient’ and ‘cool and comfortable’, which pertain to functionality, were eliminated. Adjectives describing the product’s size, shape, color, and material were preserved, as well as words that are directly related to its appearance such as “unique” and “clear”. At the end, a set of 23 representative Kansei words specifically describing the appearance of the portable air conditioner was selected and organized. These words were then further categorized into 23 groups using the semantic differential method, as illustrated in Table 4.




3.3. Access to Kansei Words


To reduce subjectivity in obtaining Kansei words, a questionnaire for selecting Kansei words describing household portable air conditioners was developed. By asking users and experts, we could determine whether the previously obtained adjectives are suitable to describe home portable air conditioner appearance.



3.3.1. Selection of Image Samples


To more reasonably select relevant Kansei words about the appearance attributes of the product, the subjects must have a clear understanding of the appearance of the household portable air conditioner. Therefore, typical picture samples of household portable air conditioners need to be selected and shown to the subjects. Firstly, through the main channels, such as design sites, shopping websites, and literature magazines, 84 picture samples of household portable air conditioners were collected. After comparing the style, color, and material of the product samples in these pictures, products with the same appearance attributes were integrated, and representative picture samples were selected to retain unique products with different appearance attributes. The final 25 typical picture samples were selected after screening, as shown in Figure 5. To prevent subjective influence caused by brands, the brand logos in the pictures were all concealed.




3.3.2. Screening Kansei Words


Combining the 25 representative samples selected from Figure 3, a Likert 5-point scale was used to rate the organized Kansei words and whether they were suitable to describe the product’s appearance. The scale ranged from 1 (not suitable at all) to 5 (extremely suitable). A total of 156 questionnaires were distributed, and 154 valid questionnaires were collected (including 41 students and teachers in the design profession, 22 designers, and 91 users who have heard of or used household portable air conditioners). The statistical software SPSS V26.0.0 (Statistical Product and Service Solutions) was used to analyze the questionnaire results (Table 5). The higher the commonality of the Kansei words in the results, the more suitable the words were for describing the product. A higher average value indicated greater importance of the word. Based on the principle of a commonality greater than 0.5, the final 16 sets of Kansei word pairs can be selected after literature reviews and discussions (Table 6).





3.4. Construction of Evaluation Index System


The general steps of the Analytic Hierarchy Process (AHP) require the construction of evaluation indicators. This article focuses on the study of the appearance of household portable air conditioners. To construct the entire evaluation system, the evaluation of the product’s appearance was selected as the target layer, and the three main factors (form, color, and material) contained in the appearance were the secondary evaluation indicators in the evaluation system, namely criteria layer A1~A3. The final 16 Kansei word pairs selected from Table 5 were used as the third-level evaluation indicators, i.e., indicator layers B1~B16. Firstly, experts categorized the 16 sets of Kansei word pairs, including 5 experts related to home appliance design, and 10 postgraduate students majoring in product design who were invited to vote and discuss. The 16 sets of Kansei word pairs were matched with the three factors in the second-level indicators. The specific content of the discussion was the affiliation of the Kansei words and the three factors in the secondary indicators (modeling, color, and material). When encountering Kansei words with ambiguous affiliations, such as B12 Light–Heavy, it was determined that it belonged to the material factor in the second-level indicator through the experience and discussions of the designers. The reason is that most design professionals believe that the material of the product determines the weight of the product to some extent. B11 Advanced–Vulgar usually affects whether the product appears more advanced through the visual impact of the product’s color scheme, while words such as B2 Grand–Restrained and B3 Small–Large, which have their own attributes of product shape and size, are easier to judge and classify. In the last column of the evaluation index system, two evaluation schemes were added. The evaluation indicator system for household portable air conditioners was thereby established, as shown in Figure 6.




3.5. Construction of Judgment Matrix and Calculation of Weights


3.5.1. Questionnaire Design and Distribution


The construction of the judgment matrix is a crucial step in obtaining the weights of various factors. We calculated the weights between the factors using the FAHP. Therefore, precise numerical values in the traditional analytical hierarchy process were replaced with the triangular fuzzy numbers in Table 1 to distribute and organize questionnaires. Based on the evaluation indicator system constructed in Figure 2, Saaty’s nine-point evaluation method was employed to let the respondents make pairwise comparisons and ratings of the relative importance of each factor. Ultimately, the data of pairwise comparisons between various factors in different levels and attributes could be obtained. There were 40 respondents to this questionnaire, comprising 4 relevant designers, 6 experts, 16 design graduate students, and 14 consumers who had used or were familiar with household portable air conditioners. A portion of the evaluation questionnaire using six Kansei words B1~B6 in the product form is shown in Table 7 as an example.




3.5.2. Construction of Judgment Matrix and Calculation


Based on the collected questionnaire data, a judgment matrix was constructed to calculate the weight of the factors. The relative weights of each factor could be obtained by combining Formulas (1)–(3) in the calculation process of the FAHP. Then, by using Formulas (5) and (6) for consistency testing of the evaluation matrix, we found that the CR values of each evaluation matrix were all less than 0.1, proving that the construction and results of each evaluation matrix were reasonable. As shown in Table 8, Table 9, Table 10 and Table 11, the data were rounded to three decimal places.




3.5.3. Calculation of Final Weights of Factors


In order to obtain the most appropriate weights for each factor, it was necessary to further organize the weights obtained from different fuzzy numbers using Formula (4) of weight defuzzification in the FAHP, through which we obtained the most appropriate weights for the factors and ranked them. From the results of the fuzzy analytical hierarchy process, in the study of the appearance attributes of portable air conditioners used at home, the overall modeling of the product (0.616) was the most important factor to consider, followed by the color (0.235) and the material (0.149) of the product, as shown in Figure 7.



Within the overall modeling, the emphasis on the attribute of small to large (0.426) was the highest, which means that the overall volume of the product was significant in influencing consumer purchase intentions. This was followed by simple–complicated (0.223) > grand–restrained (0.155) > future–outdated (0.081) > coordinated–disordered (0.074), and finally, round–sharp (0.043). Regarding the product’s color, the attribute of clean to dirty (0.522) was relatively important, indicating that the selection and coordination of colors were crucial to avoid visual clutter. This was followed by advanced–vulgar (0.236) > quiet–rowdy (0.145) > warm–cold (0.058), and finally, lively–stiff (0.040). In the material attributes, safe to dangerous (0.442) was the most critical, which was understandable as the safety of the material not only determines the product’s service life but also has a certain impact on human health. This was followed by environmental–polluted (0.311) > sturdy–fragile (0.159) > light–heavy (0.051), and finally, smooth to rough (0.036). As this attribute depended on the personal preferences of different users, it had a relatively low weight in the overall evaluation, as shown in Figure 8.





3.6. Fuzzy Synthetic Evaluation


The evaluation results of the appearance of household portable air conditioners obtained using the FAHP showed that in the modeling factors, the weight value of the word-pairs B3 “small–large” was the highest (0.426), and the weight value of the word-pairs B4 “round–sharp” was the lowest (0.043). In the color factors, the weight value of the word-pairs B11, “clean–dirty”, was the highest (0.522), and the weight value of the word-pairs B8, “lively–stiff”, was the lowest (0.040). In the material factors, the weight value of the word-pairs B14, “safe–dangerous”, was the highest (0.442), and the weight value of the word-pairs B13, “smooth–rough”, was the lowest (0.036).



To validate the results, the three groups of words with the highest priority in the secondary indicators of the appearance evaluations comprised Scheme 1, the three groups of words with the lowest priority comprised Scheme 2, and then the FCE method was used for verification. The composition of the scheme is shown in Table 12 (yellow for scheme1 factors, blue for scheme2 factors).



3.6.1. Calculation Method of Fuzzy Synthetic Evaluation


Firstly, the required comment set for fuzzy assessment == and the semantic and corresponding values of the comments are shown in Table 13.



Based on the comments in Table 13, combined with the triangular membership function and formula in the FCE method, a degree function consistent with this study can be established, as shown in Formulas (A1)–(A5) in Appendix A.



By grading the three factors of each scheme using expert opinions and combining them with the membership function, the evaluation matrix could be obtained, as shown in Formula (A6) in Appendix A.



The result of the matrix was obtained from the weights of the three main factors derived from the FAHP and the evaluation matrix, as shown in Formula (A7) in Appendix A.




3.6.2. Evaluation Results


In the process of FCE, 60 experts were invited to score the evaluation factors of Scheme 1 and Scheme 2 separately. The evaluation matrices of Scheme 1 and Scheme 2 were obtained through the membership function Formulas (A1)–(A5). The results of the evaluation matrices of each scheme, or the membership degree (rounded to two decimals), were obtained through Formula (A7), as shown in Table 14 and Table 15. The results indicated that when the appearance design of household portable air conditioners mainly featured a small and clean shape and safe materials, 6% of the experts considered it poor, 6% considered it fair, 11% considered it preferable, 31% considered it good, and 46% considered it very good. When the main features were a rounded shape, lively colors, and smooth materials, 23% of the experts considered it poor, 17% considered it fair, 18% considered it preferable, 24% considered it good, and 18% considered it very good. Overall, the scheme composed of the three factors with relatively high weight values was superior to those with relatively low weight values.



Therefore, the conclusions drawn from the weight ranking obtained through the FAHP combined with the FCE verified the rationality and objectivity of the entire experimental process.






4. Discussion


Satisfying users’ personalized needs is crucial to increasing consumer purchasing power and improving the product’s sustainability competitiveness. The success of a personalized product is not solely dependent on its functional elements. An appearance that satisfies users’ emotional needs is critical, encompassing the product’s modeling, color, and material. To precisely identify users’ emotional needs for product appearance, expand the source of Kansei words, and determine their priority sequence by filtering and classifying, this article focuses on the appearance of household portable air conditioners. It proposes an evaluation model based on Kansei engineering, which integrates online user review data mining with the FAHP, as illustrated in Figure 9.



Firstly, in the first half of this evaluation model, improving the process of traditional mining of Kansei words in Kansei engineering by means of text mining was proposed. Traditional methods of acquiring Kansei words, such as questionnaires, interviews, and focus groups, often face limitations like subjectivity, high time costs, and small sample sizes. Although many studies have proposed methods for rapidly obtaining extensive data through mining user online reviews and categorizing results based on different attributes, only some have considered the priority of Kansei words. Due to the varying importance of different Kansei words in users’ minds, it is essential to determine the priority of the words.



Existing text mining software can already satisfy most data mining and processing demands. Thus, in the first phase of the experiment, the text-mining software Bazhuayu was used for collecting and analyzing user comments on household portable air conditioners. After analyzing the organized text data using Weiciyun, an online text processing tool, 283 adjectives were extracted from the text. Through discussion, questionnaire surveys, and statistical analysis, 16 sets of Kansei words related to the appearance of these air conditioners were identified.



Secondly, in the second half of this evaluation model, a way of ranking the weight priorities among these Kansie words using fuzzy hierarchical analysis was proposed. The FAHP was utilized to prioritize these Kansei words, providing a reasonable decision-making method for evaluating uncertain factors like Kansei words. In the last phase, the results from the FAHP confirmed that to validate the results from the process, it is reasonable to perform the FCE again to construct membership functions to score different projects.



Through this study, we discovered that the reasonable use of existing text mining techniques can assist scholars from various data mining and processing fields. It made it more efficient and objective to obtain Kansei words, thus offering advantages to expanding the quantity of Kansei words. For the extracted Kansei words, the results of the FAHP and FCE in the study indicated that although these Kansei words all suitably described the appearance of domestic portable air conditioners, their importance to users varied. For example, in the product’s modeling, users were most concerned about the small-large (0.426) attribute rather than roundness–sharpness (0.043). This shows that considering the appearance of household portable air conditioners and other medium-sized home appliances, the overall size of the product is often more noteworthy than the details such as roundness and sharpness; in terms of color, the attribute of clean–dirty (0.522) was relatively important, while lively–stiff (0.040) was the opposite. This shows that the choice of colors and their combinations are important, in addition to whether the properties of the color itself are a good match with the product. For the materials, safe–dangerous (0.442) is of highest importance, while smooth–rough (0.036) was relatively low. It is not difficult to understand that home appliance users are often more concerned about the safety attributes of the product material itself. Therefore, for this product, it is more important to choose a material that meets the standards and can be used safely than to pay attention to the impact of the texture of the material. By classifying the product appearance attributes into three major categories (model, color and material) and subdividing them into Kansei words, the final analysis and evaluation of the attention between each attribute and the user show that not every Kansei word is equally important to the users, and that only by grasping the focus of the users can the product be better designed to satisfy the user’s emotional needs. On the other hand, the results obtained through the evaluation model have an important reference value for Kansei engineering in how to convert the acquired Kansei data into specific product design features, which not only improves the efficiency and accuracy of Kansei engineering in the early stage but also provides new ways and ideas for the next process, offering good guidance for the further improvement of Kansei engineering and its comprehensive and sustainable development in the future.



The study’s limitations and directions for further research include (1) its focus on user comments from Chinese e-commerce websites Taobao and Jingdong. Similar sites exist globally, and differences in regional, linguistic, and cultural contexts might lead to varying user focus on products. Therefore, further research and comparisons involving users from diverse backgrounds are necessary. (2) Moreover, transforming selected textual data into Kansei words merits further exploration to reduce subjectivity and increase rationality. (3) In this paper, expert discussions were used in the construction of the hierarchical indicator system to categorize sensual words. Although expert discussion and literature reviews are considered to be effective means of constructing a hierarchical indicator system and are being used [60,61], it is difficult to accurately define the categories of factors with vague attributes such as Kansei words, so the impact of possible errors needs to be considered, and how to eliminate subjective differentiation as much as possible is the next concern.



This study enhances the acquisition and classification of Kansei words in the first phase of Kansei engineering. It proposes a research framework based on sorting and validating the importance of these words to the users, setting the stage for future research on transforming emotional data obtained at the first stage into product design features and designing complete products, enhancing the future sustainable development of Kansei engineering and focusing on users’ other personalized needs, which are directions for future research.




5. Conclusions


This paper merges the theories of Kansei engineering and fuzzy logic, proposing an innovative evaluation model for the aesthetic elements of product appearance. This model, derived from mining online user reviews and employing the FAHP, not only addresses the limitations of traditional methods in obtaining Kansei words, which is of great importance in assisting the sustainability of Kansei engineering, but also it is adaptable to broader research applications using existing text mining technology. Furthermore, the FAHP and FCE can accurately determine the significance of these Kansei words in the users’ opinions, therefore precisely capturing users’ emotional needs and providing new perspectives for the future transformation of emotional data into product design features.



Selecting household portable air conditioners as the research subject is pertinent, given the current focus on the functional attributes of such products. With changing environments and urbanization, portable air conditioners with lower installation costs and higher convenience hold significant potential for sustainable future development. Therefore, studying their appearance attributes is necessary. The difficulty of obtaining Kansei words using traditional methods underscores the advantages of this research approach for emerging products.



Hence, the evaluation model proposed in this article, taking the aesthetic attributes of household portable air conditioners as an example, offers practical guidance in improving designing efficiency, reducing unnecessary wastage, grasping users’ emotional needs, and designing products that fulfill these needs to boost consumer purchasing power and elevate the sustainability competitive advantage of a product.
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Figure 1. Research process. 
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Figure 2. Framework of Kansei Engineering. 
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Figure 3. Membership functions of triangular fuzzy numbers. 
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Figure 4. Membership function graph of triangular fuzzy numbers. 
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Figure 5. Twenty-five typical picture samples. 






Figure 5. Twenty-five typical picture samples.



[image: Sustainability 16 03132 g005]







[image: Sustainability 16 03132 g006] 





Figure 6. Evaluation index system. 
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Figure 7. Final weights of factors in the secondary index. 
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Figure 8. Ranking the weights of various factors in the third-level indicator. 
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Figure 9. Kansei evaluation model of product appearance. 
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Table 1. Importance and end-point values corresponding to triangular fuzzy numbers.
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	Importance Level
	Fuzzy Number
	Membership Function





	Equally important
	     1  ~    
	(1,1,2)



	Intermediate value
	     2  ~    
	(1,2,3)



	Slightly important
	     3  ~    
	(2,3,4)



	Intermediate value
	     4  ~    
	(3,4,5)



	Strongly important
	     5  ~    
	(4,5,6)



	Intermediate value
	     6  ~    
	(5,6,7)



	Very strongly important
	     7  ~    
	(6,7,8)



	Intermediate value
	     8  ~    
	(7,8,9)



	Extremely important
	     9  ~    
	(8,9,9)










 





Table 2. Random Index.






Table 2. Random Index.





	
Random Index Table






	
n

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11




	
RI

	
0

	
0.58

	
1.09

	
1.12

	
1.24

	
1.32

	
1.41

	
1.45

	
1.49

	
1.52











 





Table 3. Some of the words used to describe the product.
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Serial Number

	
Word

	
Part of Speech

	
Frequency






	
1

	
Excellent

	
Adjective

	
559




	
2

	
Beautiful

	
Adjective

	
523




	
3

	
Easy to use

	
Adjective

	
478




	
4

	
Comfortable

	
Adjective

	
374




	
5

	
Big

	
Adjective

	
247




	
6

	
Simple

	
Adjective

	
190




	
7

	
Not big

	
Adjective

	
167




	
… …




	
456

	
Gentle

	
Adjective

	
1




	
457

	
Unique

	
Adjective

	
1




	
458

	
Tight

	
Adjective

	
1




	
459

	
Relatively heavy

	
Adjective

	
1




	
460

	
Down to Earth

	
Adjective

	
1




	
461

	
Happy

	
Adjective

	
1




	
462

	
Clear

	
Adjective

	
1











 





Table 4. Set of 23 representative Kansei words.
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23 Representative Kansei Words






	
1 Light–heavy

	
7 Advanced–vulgar

	
13 Expensive–low-cost

	
19 Environmental–polluted




	
2 Simple–complicated

	
8 Future–outdated

	
14 Quiet–rowdy

	
20 Soft–hard




	
3 Bright–dim

	
9 Stylish–traditional

	
15 Grand–restrained

	
21 Smooth–rough




	
4 Clear–blurry

	
10 Unique–conventional

	
16 Small–large

	
22 Clean–dirty




	
5 Warm–cold

	
11 Lively–stiff

	
17 Safe–dangerous

	
23 Coordinated–disordered




	
6 Round–sharp

	
12 Exquisite–ugly

	
18 Sturdy–fragile

	











 





Table 5. Statistical results.
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	Kansei Words
	Common Factor Variance
	Mean





	1 Light–heavy
	0.545
	3.734



	2 Simple–complicated
	0.588
	3.792



	3 Bright–dim
	0.492
	3.636



	4 Clear–blurry
	0.488
	3.578



	5 Warm–cold
	0.654
	3.734



	6 Round–sharp
	0.601
	3.617



	7 Advanced–vulgar
	0.573
	3.727



	8 Future–outdated
	0.554
	3.636



	9 Stylish–traditional
	0.473
	3.799



	10 Unique–conventional
	0.454
	3.377



	11 Lively–stiff
	0.567
	3.558



	12 Exquisite–ugly
	0.460
	3.675



	13 Expensive–low-cost
	0.407
	3.552



	14 Quiet–rowdy
	0.544
	3.535



	15 Grand–restrained
	0.573
	3.481



	16 Small–large
	0.691
	4.065



	17 Safe–dangerous
	0.624
	4.078



	18 Sturdy–fragile
	0.682
	4.052



	19 Environmental–polluted
	0.536
	3.870



	20 Soft–hard
	0.464
	4.214



	21 Smooth–rough
	0.691
	4.253



	22 Clean–dirty
	0.652
	3.974



	23 Coordinated–disordered
	0.581
	4.318










 





Table 6. Final Kansei word-pairs.
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Kansei Word-Pairs






	
1. Light–Heavy

	
5. Advanced–Vulgar

	
9. Grand–Restrained

	
13. Environmental–Polluted




	
2. Simple–Complicated

	
6. Future–Outdated

	
10. Small–Large

	
14. Smooth–Rough




	
3. Warm–Cold

	
7. Lively–Stiff

	
11. Safe–Dangerous

	
15. Clean–Dirty




	
4. Round–Sharp

	
8. Quiet–Rowdy

	
12. Sturdy–Fragile

	
16. Coordinated–Disordered











 





Table 7. Partial questionnaire of six Kansei words in modeling.
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Below are Kansai word-pairs (adjectives) related to the appearance of household portable air conditioners. Please compare and score the pairs of words according to the content prompts. Thank you very much. (For example, in the first question, “Which is more important to you when comparing the simple-complicated attributes in the design of this product to other attributes?”, choose 1 to represent equal importance and the closer the score to each word represents the importance of the word compared to the other word.)




	
Importance Level

	
Extremely Important←            →Extremely Important

	
Mean




	
Kansei words

	
9

	
8

	
7

	
6

	
5

	
4

	
3

	
2

	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
Kansei words




	
Simple–complicated

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Grand–restrained




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Small–large




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Round–sharp




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Future–outdated




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Coordinated–disordered




	
Grand–

restrained

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Small–large




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Round–sharp




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Future–outdated




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Coordinated–disordered




	
Small–large

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Round–sharp




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Future–outdated




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Coordinated–disordered




	
Round–sharp

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Future–outdated




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Coordinated–disordered




	
Future–outdated

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Coordinated–disordered











 





Table 8. Evaluation matrix of secondary index factors.






Table 8. Evaluation matrix of secondary index factors.





	
A

	
A1

	
A2

	
A3

	
    Weight     W  ~     






	
A1

	
     1  ~    

	
     3  ~    

	
     4  ~    

	
0.625




	
A2

	
     1 / 3  ~    

	
     1  ~    

	
     2  ~    

	
0.238




	
A3

	
     1 / 4  ~    

	
     1 / 2  ~    

	
     1  ~    

	
0.136




	
λmax = 3.018  CI = 0.009   CR = 0.018











 





Table 9. Evaluation matrix of factors in modeling attributes.






Table 9. Evaluation matrix of factors in modeling attributes.





	
A1

	
B1

	
B2

	
B3

	
B4

	
B5

	
B6

	
    Weight     W  ~     






	
B1

	
     1  ~    

	
     2  ~    

	
     1 / 3  ~    

	
     5  ~    

	
     4  ~    

	
     3  ~    

	
0.226




	
B2

	
     1 / 2  ~    

	
     1  ~    

	
     1 / 3  ~    

	
     4  ~    

	
     3  ~    

	
     2  ~    

	
0.154




	
B3

	
     3  ~    

	
     3  ~    

	
     1  ~    

	
     7  ~    

	
     6  ~    

	
     5  ~    

	
0.430




	
B4

	
     1 / 5  ~    

	
     1 / 4  ~    

	
     1 / 7  ~    

	
     1  ~    

	
     1 / 3  ~    

	
     1 / 2  ~    

	
0.040




	
B5

	
     1 / 4  ~    

	
     1 / 3  ~    

	
     1 / 6  ~    

	
     3  ~    

	
     1  ~    

	
     2  ~    

	
0.081




	
B6

	
     11 / 3  ~    

	
     1 / 2  ~    

	
     1 / 5  ~    

	
     2  ~    

	
     1 / 2  ~    

	
     1  ~    

	
0.069




	
λmax = 6.235  CI = 0.047  CR = 0.038











 





Table 10. Evaluation matrix of factors in color attributes.






Table 10. Evaluation matrix of factors in color attributes.





	
A1

	
B1

	
B2

	
B3

	
B4

	
B5

	
B6

	
    Weight     W  ~     






	
B1

	
     1  ~    

	
     2  ~    

	
     1 / 3  ~    

	
     5  ~    

	
     4  ~    

	
     3  ~    

	
0.226




	
B2

	
     1 / 2  ~    

	
     1  ~    

	
     1 / 3  ~    

	
     4  ~    

	
     3  ~    

	
     2  ~    

	
0.154




	
B3

	
     3  ~    

	
     3  ~    

	
     1  ~    

	
     7  ~    

	
     6  ~    

	
     5  ~    

	
0.430




	
B4

	
     1 / 5  ~    

	
     1 / 4  ~    

	
     1 / 7  ~    

	
     1  ~    

	
     1 / 3  ~    

	
     1 / 2  ~    

	
0.040




	
B5

	
     1 / 4  ~    

	
     1 / 3  ~    

	
     1 / 6  ~    

	
     3  ~    

	
     1  ~    

	
     2  ~    

	
0.081




	
B6

	
     11 / 3  ~    

	
     1 / 2  ~    

	
     1 / 5  ~    

	
     2  ~    

	
     1 / 2  ~    

	
     1  ~    

	
0.069




	
λmax = 6.235  CI = 0.047  CR = 0.038











 





Table 11. Evaluation matrix of factors in material attributes.






Table 11. Evaluation matrix of factors in material attributes.





	
A3

	
B12

	
B13

	
B14

	
B15

	
B16

	
    Weight     W  ~     






	
B12

	
     1  ~    

	
     2  ~    

	
     1 / 7  ~    

	
     1 / 5  ~    

	
     1 / 6  ~    

	
0.051




	
B13

	
     1 / 2  ~    

	
     1  ~    

	
     1 / 9  ~    

	
     1 / 6  ~    

	
     1 / 8  ~    

	
0.034




	
B14

	
     7  ~    

	
     9  ~    

	
     1  ~    

	
     4  ~    

	
     2  ~    

	
0.452




	
B15

	
     5  ~    

	
     6  ~    

	
     1 / 4  ~    

	
     1  ~    

	
     1 / 3  ~    

	
0.156




	
B16

	
     6  ~    

	
     8  ~    

	
     1 / 2  ~    

	
     3  ~    

	
     1  ~    

	
0.306




	
λmax = 5.201  CI = 0.050  CR = 0.045











 





Table 12. Composition of the scheme.






Table 12. Composition of the scheme.











	Modeling
	Color
	Material
	





	B1  0.223
	B7  0.058
	B12  0.051
	



	B2  0.155
	B8  0.040
	B13  0.036
	Scheme 1



	B3  0.426
	B9  0.145
	B14  0.442
	Scheme 2



	B4  0.043
	B10  0.236
	B15  0.159
	



	B5  0.081
	B11  0.522
	B16  0.311
	


