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Abstract

:

Environmental benefits related to home appliance life cycles depend on how these products are used. Designing home appliances that promote sustainable behavior is an effective way to reduce environmental impacts. This study aimed to increase relevant opportunities for promoting sustainable behavior practices on the new poor through home appliances, which is rarely discussed in the fields of design for sustainable behavior (DfSB) and product design. In particular, relevant assessment tools or indicators are lacking in DfSB, and people’s use of home appliances is generally unsustainable. Therefore, repertory grid technology was used to understand the perceptions of the new poor, develop an assessment tool, and construct design strategies for home appliances that promote sustainable behavior. Data were collected from the new poor and from designers. Through cluster and principal component analyses, three strategy types were proposed that corresponded to different product features, suggestions, and guidance. In addition, the effectiveness and potential of an assessment tool were demonstrated using the Wilcoxon rank test. The findings could be used by designers, retailers, and green marketers to propose effective product design programs that promote sustainable behavior of the new poor during product use.
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1. Introduction


In sustainable development, the relationships among poverty, the environment, and the economy are a key area of interest [1,2]. Historically, and until now, support for relevant policies, theories, and methods has come from diverse disciplines, such as economics [3], environmental science [4], design [5], and ecosystems [6]. However, balancing these three aspects remains a challenge, based on emerging issues and existing contexts that have not yet been fully explored.



Recent evidence shows that due to globalization, economic growth in Asia has increased the occurrence of relative poverty or income inequality [3]. The emergence of an M-type society is growing more apparent based on the implementation of a free economic market system, resulting in the disappearance of a good part of the middle class and the polarization of classes. Changes in social demography have produced many invisible, new poor people (Figure 1) [7,8,9]. In particular, the new poor is different from the traditional poor. In a broad sense, the new poor have working and spending power [10], but fall into poverty because they do not meet the socially-recognized basic standard of living [9,11,12]. Therefore, most current studies explore the causes [13], benefits [14], policies [15], social assistance [16], and employment [17] for the new poor, but neglect economic and ecological factors relevant to this group. For example, the new poor have a unique view of consumption [10,18]. The main patterns of their consumption include impulsiveness, good consumer intentions, moderate spending power, and ease in buying discounted products [10]. This is a blue ocean market that has yet to be fully exploited; while enterprises can continue to develop new business opportunities and models [8], the relevant literature is limited. Secondly, the new poor have a good grasp of green perceptions and concepts, but consumer behavior is relatively diminished in this area due to the lack of awareness of green products [8]. Fortunately, scholars have pointed out that product design strategy can affect the purchase intent of green products by the new poor [19], suggesting a clear direction for future research.



Design strategy is crucial in the early stages of product development. Many businesses have used sustainable methods and strategies to reduce negative environmental impacts throughout the lifecycle of a product, and have achieved many concrete results [20,21,22]. However, some green design studies show that, in some respects, whether the expected benefits in terms of overall environmental performance and resource consumption are achieved is unclear [23,24]. The substantial environmental impact of the interaction between user behavior and the product may not be appropriately accounted for [21,25]. As an example, the energy-saving effect of home appliances depends on human behavior [23,26]. If the user lacks good use behavior, it will increase the energy consumption of home appliances despite underlying high-efficiency energy-saving technologies. Some evidence points out that inappropriate product design strategies may cause the consumer’s sustainable behavior to reduce over time or occur only temporarily [27], that the use phase of the product lifecycle is often overlooked in sustainable design [28], or that the product does not meet consumer requirements or expectations [29]. These situations have led designers to realize that they must create products that meet the needs of users and encourage users to utilize resources more efficiently [24]. Based on the above background, there is a dimension of sustainable design that has not yet been fully discussed for the new poor.



Design for sustainable behavior (DfSB) is an emerging area of research, enabling designers to influence user behavior through purposeful product design [30,31]. The interaction between the user and the product is strongly influenced by design [25,32]. The implementation approach can be practiced through user-centric design, in order to explore the user’s intrinsic needs and perceptions of the product [21]. This product design process is viewed as a chain of exploration, generation, and evaluation [33]. In spite of the fact that a framework for the design of a sustainable behavior-related product has been proposed [30], there is a need to develop assessment metrics for DfSB [34] and evaluate case studies [21], thereby further building design strategies and guidance. Based on the above factors, at present, many design and research methods exist for exploring and evaluating users’ intrinsic cognitive needs. Among these, repertory grid technology (RGT) is an effective exploration technology that can collect personal cognitive information within an appropriate timeframe, and construct grid assessment tools to formulate relevant strategies [35,36,37]. RGT is suitable for this research direction. Overall, this study proposes new insights based on the new poor, exploring design strategies and an assessment tools regarding home appliances and the encouragement of the new poor to exercise sustainable behavior.



The purposes of this study are to use RGT to understand the psychological cognition of the new poor regarding the products that can promote sustainable behavior, in order to develop an assessment tool and to create product design strategies that promote sustainable behavior. Furthermore, a case study was used to clarify the utility and potential of this tool according to the scholars’ suggestions [21,34]. Based on the research results, designers, retailers, and green marketing can plan and implement effective sustainable design programs to increase the triggering and practicing of sustainable behavior on the part of the new poor during the product use phase. The research framework is shown in Figure 2. After Section 1 is introduced, Section 2 discusses the literature related to the new poor, and DfSB and RGT are used as the basis to support this research. Section 3 introduces the research materials, methods, and analysis tools to achieve the research purpose according to the research direction and data attributes. Section 4 is the analysis and discussion. The data analysis results are mainly considered to put forward the overall planning and guidance, in order to guide the research argument. Finally, the conclusion of this research is offered in Section 5, including the research achievements, contribution, suggestions, and prospects. Detailed descriptions will be presented in the following sections.




2. Background


2.1. New Poor Selection and Exploration of Green Behavior


Under the evolution of free trade and economic globalization, new impoverished populations have emerged from within existing social structures [10] and are characterized by certain demographics [38]. Among them, the working poor work long hours, and either their wage growth cannot keep pace with price inflation or their wages are insufficient to maintain a reasonable quality of life [12]. Young workers are at high risk of becoming working poor [38,39,40] because of atypical and unstable work [39]. Many studies in Taiwan have explored the relationship between young workers and the working poor [17,41]. For example, according to the Directorate General of Budget, Accounting and Statistics (DGBAS) survey, 1.95 million young people under the age of 30 were employed in 2015, with 206,000 people (10.56%) earning less than TWD 20,000 per month and 1.134 million people (58.15%) earning less than TWD 30,000 per month [42]. In 2014, the average monthly salary for a major work recurrent income per person was TWD 35,986, and those employed who earned less than TWD 30,000 accounted for more than 40% of the total. Among them, the average monthly income of young workers (TWD 28,925) is less than the expenditure per person per month (TWD 30,472) [43,44]. According to a youth survey conducted in Taiwan, 58.4% of young individuals earn less than TWD 300,000 per year, 23.9% of them between TWD 310,000 to 500,000, and 14.4% of them between TWD 510,000 to 800,000. Within this group, 70.5% of youth think they are the “young poor” [45]. However, as the young working poor receive an income and are simultaneously affected by the global economy, they are likely to harbor materialistic and hedonistic views of consumption under the interaction of internal psychological and external environmental factors [46]. Despite not being well-paid, the new poor have some spending power with which to alleviate the stress of long working hours [47]. Thus, economic globalization not only widens the income gap, but also changes the consumer market and affects consumer behavior [10]. Under such circumstances, ecological Marxism predicts that the capitalist process of production and consumption will combine with the factor of social class, leading to resource consumption and unsustainable development, and thereby creating an ecological crisis [48].



Many studies have shown that while young consumers pay more attention to current and emerging environmental problems [49], the environmental behavior of youth is not ideal [50]. Compared to older adults, young people lack incentives to “do things for the environment” [51]. When young people are forced to make a choice between product quality and environmental protection, most are unwilling to compromise their own needs in favor of the environment [52]. In other words, the youth age groups lack sustainable practices. Exploring the perceptions and understanding of young people regarding home appliances that promote sustainable behavior will help advance research into related product strategies. It is estimated that 70–80% of national energy use and greenhouse gas (GHG) emissions may be directly related to family activities, which affect energy consumption both directly and indirectly. The electricity consumption of home appliances has increased by 70% [28]. Therefore, considering economic and environmental factors leads this study to clarify and explore the design of home appliance products that promote sustainable behavior among the new poor.




2.2. Design for Sustainable Behavior


Since 1990, green design has developed in a different direction [21], moving towards the encouragement of more sustainable behavior. This has evolved from the subject of design to broader issues of DfSB [53]. DfSB research areas originated in design, sociology, environmental psychology, behavioral psychology, and sustainability [53]. Its purpose is to use design strategies to reduce the impact on the environment by influencing users to practice sustainable behaviors during the product use phase [30,31]. However, sustainable design has faced many challenges, such as in the case of technically-optimized products which are often expected to change user behavior, but are not used enough to result in permanent behavior change [54]. Human behavior is difficult to predict and can be affected by many factors [33]. As a result, it has been suggested that design interventions are effective coping strategies [54,55,56].



Design interventions can affect user behavior with or without their conscious awareness [30,54]. The goal of DfSB is to use design strategy to influence users to practice sustainable behavior during the product use phase, in order to reduce environmental impacts [30,31]. Seven DfSB product design approaches have been proposed [57]: (1) eco-information, which makes product loss messages visible in order to motivate consumer responses to resource usage; (2) eco-feedback, which is the provision of instant feedback to help consumers make decisions that are compatible with environmental protection and social responsibility; (3) eco-steer, promoting feasibility and binding design orientation; (4) eco-spur, whereby incentives and penalties are used; (5) eco-choice, where consumers are encouraged to think about their own behavior and take responsibility for their own choices; (6) eco-technology, where existing usage habits are suppressed by advanced technological design that changes or controls user behavior; and (7) clever design, where user habits are changed without their awareness through innovative product design, resulting in environmental or societal benefits. As a result, designers can develop products that impact user behavior through strategic decision-making in the early design stage [30]; however, a question remains regarding what design strategies are most relevant to a wide range of family practices and behaviors, and the importance of various factors in adopting and properly using DfSB strategies. This demonstrates that peoples’ behavior during the use phase should be of concern [58]. More sustainable practices should be encouraged so that sustainability can be achieved during product use [59].



In the empirical research on DfSB, a case-based approach was proposed to establish the DfSB product type that would convince users to engage in more physical activity, leading to lifestyles of health and sustainability [59]. This refrigerator is designed via eco-information and eco-technology. It successfully reduced food waste by one-quarter to one-half by leveraging the ability to print expiry date alerts, print shopping lists and send them by text or email, and engage in color-coding for food [60]. In addition, plate size was reduced by a clever design; this small intervention reduces food waste by 20% [61]. Mobile phones have been used in a case study to positively enhance consumer sustainability through DfSB [57]. Electric kettles that reduce resource consumption through DfSB or, in other words, that positively affect sustainable consumer behavior, have been developed [62]. The above results are in line with Shih’s [59] study, which may be easier to establish by narrowing the scope and focusing on the DfSB design for a particular type of product. DfSB is a useful approach that enables designers to understand and address behavioral problems and guide consumers toward product practices that improve product environmental performance.




2.3. Repertory Grid Technology


RGT originated in Kelly’s theory of personal construction, the main purpose of which was to explore and understand personal psychological perspectives. Individuals use their self-concept to evaluate and explain their surroundings and possess the rationality to belong to the cognitive environment that they construct [35]. The personal structure system is the foundation for people to develop their personality, attitudes, and perceptions of reality [63]. RGT assumes that when people try to shape their world, they need to understand meaning through the polarization assessment of a personal construct [35]. However, the relative poles do not necessarily oppose each other, but rather lie within a range of weights [64]. Therefore, the construct is composed of a set of bi-polar words, such as male-female and happy-sad [65,66]. By measuring the polarity of the structure, subjects demonstrate their inner level of perception [35,65]. RGT has given researchers the opportunity to explore individual development patterns at the implicit level [63]; it is applicable to the study of qualitative and explanatory phenomena [67] and has been widely used in design-related research. The study points out that RGT is a common method and technology employed in consumer research; it uses a structured approach to ascertain consumer perceptions, and links product characteristics to form consumer messages about perceptions, preferences, and values [68]. Later, design researchers analyzed users’ mental models through consumer messages to understand how those users think about the product [36]. RGT helps designers understand and analyze various design options to meet user expectations [36]. Huang et al. [69] explored product attributes related to consumer sentiment and proposed a method of product configuration analysis based on personal construction theory. Keynan et al. [37] assessed the impact of the development of systematic thinking skills among junior high school students and supported the use of a grid scale as an effective tool for assessing learner conceptual models. Yan et al. [70] studied the initial stages of product conceptualization and proposed the Sustainable Product Conceptualization System (SPCS).



In summary, RGT can be used to explore the cognitive structure of the subject, and then to understand and predict the subject’s preference regarding the relevant direction and pattern. In this study, RGT is a mental model used to explore and understand the implicit knowledge of the new poor towards the DfSB products, which could be helpful for product designers when designing sustainable products. The specific implementation steps for the RGT are described in detail in Section 3.





3. Materials and Methods


3.1. Research Process


This research aims to explore the perceptions of the new poor, and opportunities related to promoting practices of sustainable behavior in Taiwan. According to the introduction and literature review, RGT is effective at capturing user-generated perspectives when applied to design studies [36]. DfSB is intended primarily to lead to increased sustainable behavior [30]. Personal needs and perceptions play an important role in product design development [36], which is consistent with user-centered design patterns [33]. Therefore, this study follows the design process of sustainable development behavior that includes exploration, generation, and evaluation [71]. The research process is divided into two phases and is shown in Figure 3. Study phase 1 follows the steps of the RGT research method to understand the subjects’ views of the DfSB design approaches, develop a grid assessment tool, and propose design strategies that enhance the sustainable behavior of household appliances. Research Phase 2, based on various scholars’ advice [21,34] and taking the washing machine as a case study, mainly aims to verify the utility of the tool via questionnaires in order to prove its potential as an assessment tool of DfSB. Finally, the two results are compiled to put forward the conclusions of this study.




3.2. Research Subjects


This study seeks to explore the new poor in Taiwan; that is, the young working poor of Taiwan. The government has failed to provide a definition of this new group [17], and RGT is a type of qualitative research [67] which adopts purposive sampling to select the research subject [72]. Therefore, this study adopts the scholars’ suggestions [43,73] for classifying young workers as aged 15–29, whose monthly income is less than NTD 30,000, and who work more than 35 h a week, as possible members of the new poor group. Phase 1 was divided into two parts in the study design. The first part was the construction of the grid tool. Designers with a new poor background were chosen as subjects, based on the design spindle of user-centered DfSB, the indicator of a tool, and the constant gap between user needs surveys and designers’ design practices in general product design studies [74]. Therefore, in this study, the roles of the designer and user overlap. These young designers are selected from among college design students who currently have full-time employment, fit into the category of the new poor, have designer roles, and have achieved sufficient learning in the area of design (design learning performance correlates with thinking ability [75]). Four people agreed to participate in the study. The second part deals with the scoring. Members of the young new poor with a design background were chosen as subjects based on their ability to provide reliable information and improve research validity as a basis for product design strategies; 38 young new poor were selected who studied at the college design department. Research Phase 2 uses a case study to evaluate the grid tool. The same 38 young new poor were selected in this phase.




3.3. Research Design


3.3.1. Research Phase 1: The RGT Process


Basic implementation of RGT includes elements, constructs, the grid tool construction and scoring, and analysis and discussion [76,77]. The main purpose of the RGT is to acquire the mental constructs through perceptions of the elements, and then to develop the grid tool using the mental constructs and, finally, to establish design strategies through use of the grid tool to promote decision-making.



(1) Elements



The element is the subject to be recognized and constructed based on self-experience [37,78]. In order to effectively understand the research subject’s perceptions of DfSB design approaches used to establish the product strategy to promote the practice of sustainable behavior in the use phase, this study uses six DfSB design approaches which influence the purchase of green products by the new poor as elements [19]. These include: (1) eco-choice; (2) eco-information; (3) eco-spur; (4) eco-steer; (5) eco-technology; and (6) clever design. These six approaches can be used to explore the experience of DfSB design approaches on this group to extract their mental constructs. Constructs can show aspects of why and how important elements work.



(2) Constructs



Various ways of comparing elements may lead to personal mental constructs. The triad method is considered the most suitable to explore the construct of a subject [35]. The six elements (DfSB design approaches) were written on a small card and put in a box; then, the subject randomly extracted three cards. During this process, when the subject explains the similarities of the two cards (elements) as the positive nature of the construct, they also explain the difference between the third card and the first two, which is expressed as the negative pole of the construct. After the explanation, these cards were put back into the box; the subject then extracted three cards again and repeated the same process. This process is not completed until a specified amount of time has passed, or new constructs are no longer mentioned, as shown in Figure 4. Before the experiment, the four designers were asked to read a short essay on elemental descriptions in order to establish the basic concepts of DfSB design approaches. Where ambiguities occurred, the researcher explained the elements until all the designers clearly understood. During the experiment, the researcher recorded the words of each subject to facilitate the construction of the grid tools and mental constructs. Each subject was assessed for 45 min. In total, 187 constructs falling into 23 types were obtained from the four designers (cf. Appendix A). Research suggests that the optimal number of constructs is 10 [79]. Accordingly, we retained the 10 most common constructs.



(3) The grid tool construction and score



The third step is to build the grid tool. Elements are placed above a checkered grid, with the constructor on the left side creating a 6 × 10 grid (Table 1). In order to clarify information pertaining to the perceptions and experiences of the young new poor of the DfSB design approaches, a five-point Likert scale was used, with each question item given the choices of “strongly agree”, “agree”, “neither agree nor disagree”, “disagree”, and “strongly disagree”, from five points (positive) to one point (negative), respectively. This step in the study included 38 young new poor, with a design background, as subjects. The 38 young new poor subjects were asked to read a short essay on elemental descriptions before the experiment in order to establish basic concepts. After rating was completed, the reliability was analyzed. Reliability analysis measures the degree of internal consistency. Cronbach’s alpha was 0.820, which is greater than 0.8 and, therefore, indicates that the scale has good consistency [80]. Analysis and discussion of the RGT process are described in detail in Section 4.




3.3.2. Research Phase 2


In order to test whether this tool can effectively interpret differences between products we selected the washing machine as a case study, comparing machines of the same brand and capacity, but with varying power consumption levels (highest vs. lowest), as shown in Table 2. This means that the degrees of DfSB of the washing machine differ because the washing machine design use can affect the energy consumption when doing the laundry [81], and the laundry process involves social and technical considerations [82]. Based on the above, washing machines were selected from the official website of green products in Taiwan [83], thus ensuring environmental credibility and compliance with eco-design principles. In addition, this study edited the picture of the washing machine (removed the brand and adjusted the ratio) in order to meet the objective criteria. The study process involved participants (38 young new poor from Research Phase 1) entering the experimental situation after they had watched advertisements for research objects A and B. The tool was then scored and the data analyzed. More details are shown in Appendix B.






4. Analysis and Discussion


RepIV is widely used in RGT. Principal component analysis (PCA) and cluster analysis-based FOCUS programs are the two main analytical processes for RepIV [84]. RepIV aimed to find new axes perpendicular to each other in two-dimensional space, and to explain the distribution and aggregation of elements through PCA. Cluster analysis was used to understand the context of the grouping of the elements and constructs, as well as to identify the cross-arrangement between elements and the configuration construct.



4.1. Cluster Analysis


The cluster analysis is an exploratory analysis that divides data into groups of the most disagreement based on attributes with the highest degree of similarity among the groups. The distance between observations or the error between within-groups was calculated to show the grouping and arrangement of the elements and constructs [85]. Cluster analysis results are shown in Figure 5. The matrices of element and construct matching scores are produced from the city block metric. The mathematical formula is as follows:


   D  x y   =   ∑   N = 1  P   |   X N  −  Y N   |   











The major criterion for forming clusters is that linear reorderings of the constructs and elements, respectively, will result in the final grid displaying a minimum total difference between all adjacent pairs of rows and columns [86]. This study divides elements and constructs into three groups based on a grouping principle, corresponding to three strategic directions: Type I, Type II, and Type III. We take Eco-Information as an example. The numbers 4 and 5 in the figure are explained by the constructs on the right of the grid. The numbers 1 and 2 are interpreted by the construct to the left of the grid. The number 3 stands for neutrality [86].



(1) Type I



The characteristics of this strategy include a high degree of prompt messaging, attention to, and awareness of, resource use, gradual persuasion of users to exercise sustainable behavior, and humanized design. This result is consistent with those found by Sherwin, Bhamra, and Evan [87], and Thompson and Sherwin [88]; that is, feedback is used to improve user environmental awareness. Resource consumption can only be understood when the user perceives it [28]. Feedback can be visual (display), auditory (sound), and tactile (material and temperature). With tools that instantly monitor their own use of energy, people can reduce their energy consumption by 5–15% [89]. Humanized design serves to acquire and apply knowledge about the interaction between people and the environment and to create products or services that meet emotional and rational demands under design norms [90,91]; this is manifested through form design, elements, and research and development, while considering security, practicality, effectiveness, and emotions [92]. The design and production of home appliances must consider the development and application of technologies that are consistent with the principles and strategies of current eco-design [93,94]. In addition, eco-design accords the same status to environmental concerns as it does to traditional industrial values, such as profit, function, aesthetics, ergonomics, image, and overall quality [95].



Therefore, this strategy mainly depends on self-awareness of the environment, technical persuasion, or operation prompts, and does not require excessive technical intervention. It is a non-mandatory method [30]; however, it relies on the user’s perception and the correct matching of value and message [28].



(2) Type II



Strategic features include automation technology that unconsciously reduces energy consumption. There is no attempt to change user behavior, but there is a certain degree of human design. Unlike in Type I, product design is not the focus. The main focus are embedded control functions or material technologies, favoring object restriction. This means that user behavior can be restrained and usage standardized through the availability and restriction of the products, thereby ensuring environmental protection [28]. However, this may result in higher product technical requirements and production costs, as more advanced technology is required than in the other two strategies.



The advantages of this strategy are that it does not increase the user’s product cognitive load, it can be applied to users whose habits are difficult to change, it maintains the user’s current behavior as much as possible, it does not require environmental awareness, it can produce immediate results, it emphasizes the certainty and effectiveness of sustainable improvement, and it compensates for the inadequacy of other strategies [96]. However, it is unlikely to trigger an amendment to existing beliefs, values, and preferences [28]; it does not automatically trigger a permanent change in user behavior [25]. The use of this strategy should take into account the user’s economic, cognitive, and behavioral factors to segment the market.



(3) Type III



Parts of this strategy overlap with Type I. Analysis shows that strategy Type III is basic and includes human-controlled design. Message prompts guide users to increase their sustainable behavior by experiencing the impact of environmental protection via feedback. Secondly, the concept of reward and punishment tends to be neutral; this may be due to less automated technical support and more operational choices that, together, increase cognitive load [97] and indirectly increase resource waste, which is a penalty for users.



However, these characteristics can also lead to other results. For example, products with lower technical support demands may meet the user’s basic functional requirements of a product, and users may readily accept the use burden. Secondly, enterprises in the product design phase result in lower design costs, leading to a more attractive product price. Thirdly, although cost reduction leads to increased consumption [28], the likelihood of permanent consumer behavior change may also increase. For example, the cost of resources consumed may be reflected in household expenditures, but another form of reward is embodied in energy cost reductions, which in turn prompts people to save energy. Therefore, rewards and punishments can help to increase participation and interest in pro-environmental behaviors [98].



Persuading, inducing, and relying on user behavior is more important in Type III than in Type I due to reduced technical support in Type III. The strategy relies instead on increasing user perception and setting the goal of environmental protection; however, a relative reduction in the availability and functionality of the product as limits increase will make it less attractive to most consumers [28].




4.2. Principal Component Analysis


Principal component analysis is a dimensional reducing technique. In the field of behavior and social science, most studies try to extract the new variables (principal components,    y 1   ,    y 2   , …  ,    y p   ) from the original variables (   x 1  ,    x 2   , …   ,    x p   ) through a linear combination for data simplification. This can explain the maximum variance of the original variables [85]. The mathematical formula is as follows:


   y i  =  a  i 1    x 1  +  a  i 2    x 2  +  a  i 3    x 3  + … +  a  i p    x p      i = 1 ,   2 ,   … ,   p  








where    a  i j     is the linear correlation coefficient between the ith principal component    y i    and the original jth variable    x j   . Therefore, PCA produces two main components in this study: the first denotes the degree to which utilization of technology affects the energy-saving mode (x axis). The variation explained by the first component is 76.5%. The second principal component denotes the degree to which humanization design affects usability (y axis), explaining 11.8% of the variation. The cumulative explanatory variable of these two principal components is 88.3%, which exceeds the 80% threshold [99]. This means that scaling down the dimensions to interpret the source material is appropriate [85].



However, PCA is based on the distribution of elements in the two-dimensional vector axis (principal component), to understand the correlation between the elements and between the constructs. The further away from the center point of the two-dimensional vector axis the element is, the higher the explained variation and the closer the point-to-point cluster, indicating better consistency. Figure 6 shows that the classification of Type I and Type III strategies is reasonable, but the elements within Type II strategies are slightly dispersed and can be included in one group as they are closely clustered. In addition, we observe that the concept of these three groups of elements is consistent with the results of cluster analysis. According to the distance between the three strategies and the two principal components, the strategies are described as follows: the Type I strategy (human-oriented and energy-saving) includes a medium degree of technical use and a high degree of humanized design; the Type II strategy (higher technical use) necessitates a high degree of technical use and a medium degree of human design; and the Type III strategy (basic design) includes low-level technical use and a low degree of user-friendly design.




4.3. Evaluation of the Tool (Research Phase 2)


Before conducting statistical tests, it is necessary to ascertain whether data are normally distributed. If the assumption of normality is violated, the statistical test results will be biased [100,101]. As it was not possible to verify whether our data were normally distributed, we used the Wilcoxon signed rank test to compare differences in the product design that can promote sustainable behavior among different research objects [99]. There are two hypotheses:



Alternative Hypothesis H1:

The positive pole of research object A is superior to the positive pole of research object B.





Null Hypothesis H0:

The relationship between the positive pole of research object A and the positive pole of research object B is neither good nor bad.





First, the reliability of research objects A and B was tested. The data show that the α-value of research object A is 0.800, and that of B is 0.697, both of which are higher than the reliability standard of 0.6 [99]. Therefore, the data can be further analyzed.



Table 3 shows the descriptive statistics of the scores assigned by 38 subjects for research objects A and B. For research object A, the highest score is 8: multiple choice vs. less choice (M = 3.82, SD = 0.766); the next highest is 1: humanized design vs. basic design (M = 3.61, SD = 0.755), and the lowest score is 6: guided energy saving vs. invisible energy saving (M = 2.66, SD = 1.072). For research object B, the highest score is 10: user behavior changed vs. user behavior not changed (M = 3.42, SD = 0.976); the next highest is 3: technical control vs. man-made control (M = 3.24, SD = 0.852). The lowest score is 6: invisible energy saving vs. guided energy saving (M = 2.84, SD = 0.973).



Table 4 shows the results of the Wilcoxon test (more details are available in Appendix C). Items 1(Z = −3.266, p = 0.001), 2(Z = −2.010, p = 0.022), 7(Z = −2.646, p = 0.004), 8(Z = −3.293, p = 0.001), and 9 (Z = −1.942, p = 0.026) were all less than 0.05. There are statistically significant differences in these five items between research objects A and B. In addition, the Z-values of the mean difference of each class are all negative; on the positive level, the value of research object A is higher than that of research object B. The alternative hypothesis should be accepted. The positive construct of research object A is higher than that of research object B. This means that research object A is superior to research object B in terms of humanized design, energy-saving perception, persuasive energy saving, multiple choice, and reduction of the use burden. This case study proves that the design approach used in research object A has higher energy-saving potential than that of research object B. This is consistent with the result that the energy consumption of research object A is smaller than that of B in the description of Section 3.3.2. Based on above, this tool can be used to measure the degree of product DfSB design and present the weight of each indicator, and it can be used to collect data for analysis and comparison. These results can be used as a basis for improving the energy-saving effect and evaluating the DfSB degrees. In addition, this assessment method is consistent with many studies on the evaluation tool developed through RGT. For example, the constructs that affect a student’s systemic thinking ability are established, which is developed as a key indicator in an ecological research tool [37]. The constructs that influence students’ learning attitudes are explored, which has become an important item on the attitudes questionnaire [102]. Reliable tools for measuring cognitive complexity have been developed in the field of consumer behavior [103]. On the whole, RGT can effectively explore the subject’s experience and knowledge of specific groups to establish principles or indicators. It has significant benefits for the assessment of related fields.





5. Conclusions


Using design methods to reduce the environmental impacts of products is very important [21]. Products should be better designed to communicate with users, providing feedback on appropriate behaviors rather than simply meeting the needs and desires of the users [28]. From a theoretical and practical point of view, this study aimed to increase relevant opportunities for promoting sustainable behavior practices on the new poor through home appliances. Product design strategies and an assessment tool were established, and the relevant knowledge systems of the new poor, DfSB, and product design were expanded for discussion. This study presented a number of important findings in these areas. An assessment tool and three design strategies that promote sustainable behavior for home appliances were presented through RGT from the perspectives of the new poor and designers. In the study, key evaluation indicators were developed for the tool, which can measure the degree of product DfSB design and present the weight of each indicator. This tool illustrates effective assessment potential through case studies. The evaluation weights of the DfSB designs for two washing machines, A and B, were presented. Some of the evaluation indicators for the two washing machines showed significant differences through statistical analysis. This result could be used as a basis for product analysis and improvement to promote sustainable behavior of the new poor. The tool can be flexible in order to be applied by designers, retailers, and green marketers based on the purpose of the tool development. For example, taking into account the needs of various research studies and investigations, it can evaluate products on the current market as a method of data collection or be used in the planning stage of developing new products.



Secondly, design interventions are an effective way to change behavior through the product. Therefore, three home appliance design strategies that can promote the sustainable behavior of the new poor were proposed according to the research purposes: (1) The Type I strategy: a medium degree of technical use and a high degree of humanized design. Strategic features include a high level of message alerts, perception and encouragement of environmental performance, guiding or persuading users to practice sustainable behavior, changing user behavior, and professional humanized design; (2) The Type II strategy: a high degree of technical use and a moderate degree of human design. This strategic principle focuses on automatic control technology without increasing the use burden and reducing energy consumption unconsciously, and does not to change user behavior as much as possible. Current behavior may be maintained; (3) The Type III strategy: a low degree of technical use and of humanized design. This strategy covers basic and artificial control design, with message prompt functions guiding and persuading users towards sustainable behavior, as well as selective energy-saving functions. In Section 4.1, these strategies also initially propose appropriate demographic characteristics and detailed design recommendations to reduce the unsustainable behavior of the new poor at the product use stage. In view of the above, designers can design a product, and green marketing and retailers can plan product and marketing costs or programs according to the guidance of these strategies to match the appropriate groups. Taking the Type III strategy as an example, such products are more in line with the characteristics of environmental practitioners of the new poor, although this product still has some basic triggering perpetual behavior. That is, environmental protection practitioners already have environmental protection behavior, and whether or not the product functionality is strong is not a major concern. This shows that this strategy can produce smaller production costs and contribute to maximizing the level of eco-efficiency. However, the new poor who are not interested in general environmental behavior may be unlikely to have a significant impact, while products of the Type 2 strategy may be more suitable for this group, but its production costs may be higher.



On the other hand, while a single strategy may not produce user's long-term behavioral changes, combinations of strategies are likely to have more significant impacts in those situations [53]. We consider that Type I may be appropriate to attract new poor to practice sustainable behaviors in the early stages because of feedback. When their behaviors have exercised, the Type II strategy could be used to maintain those behaviors. This process is translated from the self-directed phase to habitual new behavior [53]. In the end, Type III could be considered to reduce unsustainable or additional costs associated with manufacturing and reduce environmental impact. Concretely speaking, to influence user’s behaviors through design is a dynamic process. The new poor’s behavioral changes must be constantly evaluated and explored to propose more appropriate methods, although we have proposed some design strategies. Consequently, in order to more accurately market mechanisms for the new poor, it is still necessary to study and investigate a wider range of user psychosocial factors, such as the use of motivation, habits, behaviors, psychological cognition, and other related factors. The correct match between the strategy and the user can make the product more meaningful to the user.



In fact, exposed to global economic conditions, the young working poor reflect changes in the modern social structure, consumer attitudes, and consumer markets, despite holding differing opinions and experiencing differing factors influencing their purchasing decisions regarding green products. Companies must adopt sustainable business practices to raise awareness of environmental protection and to create opportunities for sustainable behavior, and user’s purchases should also be considered. Research has pointed out that subjective norms and lifestyle are factors that affect the purchase of green products by the new poor [19]. Consumers are susceptible to advertising and product images when making consumer decisions, according to the green marketing research [104]. Marketing theory shows that 4P (product, price, place, and promotion) is the main method by which enterprises carry out marketing activities. 4C (customer, convenience, cost, and communication) strengthens the marketing mix centered on consumer needs. 4S (Satisfaction, service, speed, and sincerity) increases the company’s ability to weather market risks and achieve management innovation and sustained and stable efficiency [105]. This study suggests that the effective use of the 4PCS marketing strategy in advertising, product image selection, subjective norms, and lifestyle will help retailers and green marketing promote consumption and segment markets of the new poor.



Overall, changing the sustainable behavior of the new poor from a design aspect can confer a significant advantage to the sustainable development of the economy, society, and the environment, while opening up new business opportunities and models for retailers and enterprises.
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Table A1. Statistics table of the mentioned construct.






Table A1. Statistics table of the mentioned construct.





	
Type

	
Construct (+)

	
Construct (−)

	
Frequency

	
Weights %






	
1

	
User Behavior Changed

	
User Behavior Not Changed

	
16

	
0.086




	
2

	
Strong Energy Message Tips

	
Weak Energy Message Tips

	
15

	
0.080




	
3

	
Guided Energy Saving

	
Invisible Energy Saving

	
14

	
0.075




	
4

	
Strong Energy-Saving Perception

	
Weak Energy-Saving Perception

	
13

	
0.070




	
5

	
Multiple Choice

	
Less Choice

	
13

	
0.070




	
6

	
Don’t Increase the Burden of Use

	
Increase the Burden of Use

	
13

	
0.070




	
7

	
Technical Control

	
Man-made Control

	
12

	
0.064




	
8

	
Reward

	
Penalty

	
11

	
0.059




	
9

	
Persuasive Energy Saving

	
Stationary Energy Saving

	
10

	
0.053




	
10

	
Humanized Design

	
Basic Design

	
9

	
0.048




	
11

	
Social Responsibility

	
Personal Responsibility

	
9

	
0.048




	
12

	
Technology-Oriented

	
Trigger-Oriented

	
8

	
0.043




	
13

	
Intuitive Green Design

	
General Green Design

	
7

	
0.037




	
14

	
Can Remind User

	
Cannot Remind User

	
6

	
0.032




	
15

	
Innovative Design

	
General Design

	
6

	
0.032




	
16

	
Long-Term Control

	
Short-Term Impact

	
5

	
0.027




	
17

	
Positive reinforcement of Behavior

	
Negative reinforcement of Behavior

	
4

	
0.021




	
18

	
Strong Stimulation for User

	
Weak Stimulation for User

	
4

	
0.021




	
19

	
Sustainable Design

	
Traditional Design

	
3

	
0.016




	
20

	
Mandatory

	
Non-Mandatory

	
3

	
0.016




	
21

	
High-Perceived Energy Use

	
Low-Perceived Energy Use

	
2

	
0.011




	
22

	
High-Contributed to Environment

	
Low-Contributed to Environment

	
2

	
0.011




	
23

	
Usage Restricted

	
Usage Unrestricted

	
2

	
0.011




	
Total

	
187

	
100
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Figure A1. Washing machine A. 






Figure A1. Washing machine A.



[image: Sustainability 10 01507 g0a1]







[image: Table] 





Table A2. The specification of washing machine A.






Table A2. The specification of washing machine A.





	
Item

	
Description

	
Item

	
Description






	
Laundry process

	
13 kinds of laundry processes

	
Motor type

	
Variable-frequency motor




	
weight

	
50 kg

	
size

	
Width 640 × depth 667 × height 1042 (mm)




	
Voltage/frequency

	
110 V/60 Hz

	
Warranty

	
The whole machine for 1 year, the main parts for 3 years, the motor for 5 years




	
Material

	
Stainless steel

	
Installation Notes

	
Standard installation service, delivery to the home, old machine recycling




	
Laundry capacity (kg)

	
13 KG

	
Mark certification

	
Provincial water mark, energy mark, environmental mark, MIT smile mark




	
Laundry tub

	
Single slot




	
Technology

	
Washing tank cleaning automatically, special flush, safety glass, cold air drying, strengthening the laundry process, NEW foam wash, water-saving laundry, ECONAVI (weight, water temperature, soil induction), Touch Key touch panel, slowdown cover, large window modeling investment, appointment time, child safety devices.
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Figure A2. Washing machine B. 






Figure A2. Washing machine B.
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Table A3. The specification of washing machine B.






Table A3. The specification of washing machine B.





	
Item

	
Description

	
Item

	
Description






	
Laundry process

	
8 kinds of laundry processes

	
Motor type

	
Fixed-frequency motor




	
weight

	
60 kg

	
size

	
Width 640 × depth 667 × height 1020 (mm)




	
Voltage/frequency

	
110 V/60 Hz

	
Warranty

	
The whole machine for 1 year, the motor for 5 years




	
Material

	
Stainless steel

	
Installation Notes

	
Standard installation service, delivery to the home




	
Laundry capacity (kg)

	
13 KG

	
Mark certification

	
Provincial water mark, energy mark, MIT smile mark




	
Laundry tub

	
Single slot




	
Technology

	
Standby without energy consumption, cold air drying, soaking, special laundry tray, appointment time, washing tank washing automatically, child safety device, foam wash.
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Table A4. Wilcoxon signed rank test.






Table A4. Wilcoxon signed rank test.





	
Item

	
N

	
Mean Rank

	
Sum of Ranks

	
Explanation






	
1

	
Negative Ranks

	
18

	
11.17

	
201.00

	
B1 < A1

B1 > A1

B1 = A1




	
Positive Ranks

	
3

	
10.00

	
30.00




	
Ties

	
17

	

	




	
2

	
Negative Ranks

	
13

	
10.92

	
142.00

	
B2 < A2

B2 > A2

B2 = A2




	
Positive Ranks

	
6

	
8.00

	
48.00




	
Ties

	
19

	

	




	
3

	
Negative Ranks

	
15

	
12.83

	
192.50

	
B3 < A3

B3 > A3

B3 = A3




	
Positive Ranks

	
11

	
14.41

	
158.50




	
Ties

	
12

	

	




	
4

	
Negative Ranks

	
15

	
13.60

	
204.00

	
B4 < A4

B4 > A4

B4 = A4




	
Positive Ranks

	
11

	
13.36

	
147.00




	
Ties

	
12

	

	




	
5

	
Negative Ranks

	
12

	
8.58

	
103.00

	
B5 < A5

B5 > A5

B5 = A5




	
Positive Ranks

	
7

	
12.43

	
87.00




	
Ties

	
19

	

	




	
6

	
Negative Ranks

	
8

	
9.25

	
74.00

	
B6 < A6

B6 > A6

B6 = A6




	
Positive Ranks

	
11

	
10.55

	
116.00




	
Ties

	
19

	

	




	
7

	
Negative Ranks

	
18

	
10.56

	
190.00

	
B7 < A7

B7 > A7

B7 = A7




	
Positive Ranks

	
3

	
13.67

	
41.00




	
Ties

	
17

	

	




	
8

	
Negative Ranks

	
21

	
15.29

	
321.00

	
B8 < A8

B8 > A8

B8 = A8




	
Positive Ranks

	
6

	
9.50

	
57.00




	
Ties

	
11

	

	




	
9

	
Negative Ranks

	
17

	
10.76

	
183.00

	
B9< A9

B9 > A9

B9 = A9




	
Positive Ranks

	
5

	
14.00

	
70.00




	
Ties

	
16

	

	




	
10

	
Negative Ranks

	
11

	
12.68

	
139.50

	
B10 < A10

B10 > A10

B10 = A10




	
Positive Ranks

	
13

	
12.35

	
160.50




	
Ties

	
14
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Figure 1. The pyramid of society showing the new poor group at its base. 
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Figure 2. Research framework. 
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Figure 3. Research process. 
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Figure 4. The implementation steps of the triad method. 
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Figure 5. Repertory grid technology (RGT) analysis chart. 
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Figure 6. Principal component analysis chart. 
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Table 1. The grid assessment tool of DfSB design approaches for the new poor.
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	Item
	Construct +/−
	Eco-Information
	Eco-Steer
	Eco-Spur
	Eco-Choice
	Eco-Technology
	Clever Design





	1
	Humanized Design/Basic Design
	
	
	
	
	
	



	2
	Strong Energy-Saving Perception/Weak Energy-Saving Perception
	
	
	
	
	
	



	3
	Technical Control/Man-made Control
	
	
	
	
	
	



	4
	Strong Energy Message Tips/Weak Energy Message Tips
	
	
	
	
	
	



	5
	Reward/Penalty
	
	
	
	
	
	



	6
	Guided Energy Saving/Invisible Energy Saving
	
	
	
	
	
	



	7
	Persuasive Energy Saving/Stationary Energy Saving
	
	
	
	
	
	



	8
	Multiple Choice/Less Choice
	
	
	
	
	
	



	9
	Do not Increase the Burden of Use/Increase the Burden of Use
	
	
	
	
	
	



	10
	User Behavior Changed/User Behavior Not Changed
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Table 2. Instructions for energy use of washing machines A and B.
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	Washing Machine
	Energy Efficiency (kWh/kg)
	Energy Consumption/Year (KWH)
	Energy Saving/Year (KWH)
	Reduce Carbon Emissions (KG)
	Amount of Save Electricity (TWD)





	A
	0.004
	10
	21
	12
	59



	B
	0.009
	23
	8
	4
	23
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Table 3. Descriptive statistics for an assessment tool.






Table 3. Descriptive statistics for an assessment tool.





	
Item

	
Research Object A

	
Research Object B




	
M

	
SD

	
M

	
SD






	
1

	
3.61

	
0.755

	
3.16

	
0.754




	
2

	
3.34

	
0.994

	
3.03

	
1.102




	
3

	
3.32

	
1.016

	
3.24

	
0.852




	
4

	
3.11

	
1.134

	
2.92

	
1.239




	
5

	
3.13

	
1.119

	
3.05

	
1.064




	
6

	
2.66

	
1.072

	
2.84

	
0.973




	
7

	
3.71

	
1.063

	
3.13

	
0.875




	
8

	
3.82

	
0.766

	
3.08

	
0.912




	
9

	
3.32

	
0.989

	
3.03

	
0.854




	
10

	
3.32

	
1.068

	
3.42

	
0.976
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Table 4. Wilcoxon test differential rating checklist.
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	Item
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10





	Z
	−3.266 a
	−2.010 a
	−0.451 a
	−0.737 a
	−0.336 a
	−0.880 b
	−2.646 a
	−3.293 a
	−1.942 a
	−0.312 b



	Significance (one-tailed)
	0.001
	0.022
	0.326
	0.231
	0.369
	0.190
	0.004
	0.001
	0.026
	0.378







a On the positive level. b On the negative level.
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