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Introduction

In recent research, sustainability has seen growth due to increasing consumer concern and demand regarding environmental issues (Euromonitor International, 2017, 2016). More consumers are aware of ethical fashion, i.e., fashionable clothes that are less harmful to the environment [START_REF] Joergens | Ethical fashion: myth or future trend?[END_REF]. Conscious consumers raise the importance of sustainability in fashion retail [START_REF] Strähle | Key Aspects of Sustainability in Fashion Retail[END_REF]. In this regard, fashion brands pay more attention to incorporate ecodesign into their products. Designers are considering environmental impacts in the product development phase [START_REF] Luttropp | EcoDesign and The Ten Golden Rules: generic advice for merging environmental aspects into product development[END_REF]. For example, Patagonia using organic cotton [START_REF] Sisco | The nice consumer: Toward a framework for sustainable fashion consumption in the EU[END_REF], Stella McCartney using faux-fur and -leather [START_REF] Vogue ; Wagner | Stella McCartney Discusses How Sustainable Fashion Can Be Sexy-And "How Technology Can Save Us[END_REF], and H&M Conscious, Zara Join Life, or Mango Committed using sustainable materials for their fast fashion products.

The design of fashion products has a distinct style. Fashion companies shape their image and compete through their unique style and symbolic value [START_REF] Cillo | Search Styles in Style Searching: Exploring Innovation Strategies in Fashion Firms[END_REF]. Similarly, ecodesigned fashion products can have a distinctive style regarding an environment-friendly appearance. Niinimäki (2010) (p.160) discussed the usage of eco-materials such as hemp or linen.

These materials are well-known for their natural coarse texture, causing trends such as ''creased linen'' [START_REF] Pryczyńska | The Design Connotations of Clothing and Interior Fabrics in the Aesthetic and Application Aspects, Based on an Analysis of Recent Fashion Guidelines[END_REF]. The design of eco-fashion can be mainly style or fashion orientated [START_REF] Gwozdz | Fashion Sustainability" Inverstigated[END_REF], focusing on simple and basic or trendy garments [START_REF] Sisco | The nice consumer: Toward a framework for sustainable fashion consumption in the EU[END_REF]. Design is one of the major barriers to sustainable fashion [START_REF] Moon | Popularization of sustainable fashion: barriers and solutions[END_REF].

Consumers need more aesthetically pleasing designs [START_REF] Joergens | Ethical fashion: myth or future trend?[END_REF][START_REF] Niinimäki | Eco-clothing, consumer identity and ideology[END_REF]. But, they also have a demand for dynamic and flexible products (van Nes and Cramer, 2005) (p. 297), or radical sustainable design innovations [START_REF] Berchicci | Bridging environmental issues with new product development[END_REF]. Concluding, the analysis of a garment allows for correcting and developing the design [START_REF] Jones | Fashion Design, Biebl Ranweiler portfolio series[END_REF].

However, there is a limited number of studies on eco-fashion design appearance and the visibility of eco-style. Several authors have researched consumer perceptions towards the general concept of ethical fashion. Notable works are the perception towards a fast-fashion sustainable brand extension [START_REF] Hill | Sustainable brand extensions of fast fashion retailers[END_REF], the slow fashion concept [START_REF] Pookulangara | Slow fashion movement: Understanding consumer perceptions-An exploratory study[END_REF], sustainable fashion and critical criteria [START_REF] Henninger | What is sustainable fashion?[END_REF], or elements of fashionability in second-hand garments [START_REF] Ferraro | The role of fashionability in second-hand shopping motivations[END_REF].

Furthermore, the perception of sustainable fashion products is observed to be unstylish, unfashionable or unsuited to consumers' needs [START_REF] Moon | Popularization of sustainable fashion: barriers and solutions[END_REF][START_REF] Sisco | The nice consumer: Toward a framework for sustainable fashion consumption in the EU[END_REF]. Also, this can depend on the consumer. Some researchers studied how consumers will evaluate the ecodesign [START_REF] Niinimäki | Eco-clothing, consumer identity and ideology[END_REF]. The product appearance and its visual information (garment style), and how it can influence consumers' purchase decision-making is an important study (M. Wagner et al., 2018a). Two common concerns regarding the appearance of eco-fashion design have been reported: First, the visibility of eco-values in the eco-designed garment; And second, the preference regarding these eco-values in the appearance, i.e. the aesthetics of the eco-values. For example, [START_REF] Wang | A Product Line Analysis for Eco-Designed Fashion Products: Evidence from an Outdoor Sportswear Brand[END_REF] tested consumers' acceptance through the analysis of online comments on websites and product scores.

Concluding, there is not enough emphasis on the eco-design process. And, there are some challenges when applying consumer analysis related to ethical fashion. First, there is no industry standard to define ethical fashion [START_REF] Joergens | Ethical fashion: myth or future trend?[END_REF][START_REF] Strähle | Key Aspects of Sustainability in Fashion Retail[END_REF]. Before analyzing the design, we need to identify all of the critical aspects of eco-design influencing the garment appearance. Second, human decision-making is somewhat subjective; Zhou et al. (2014) highlighted this in their research for product design evaluation. And in particular, this is the case for the measurement of human perception towards ethics. Studies on ethics are not always reliable.

Researchers refer to the social bias or attitude-behavior gap [START_REF] Auger | Do What Consumers Say Matter? The Misalignment of Preferences with Unconstrained Ethical Intentions[END_REF]. When analyzing consumer perception, we need to consider that the data is qualitative. And, perception of consumers towards ethical fashion is somewhat uncertain and imprecise. Besides, sustainable product development and apparel design approaches are limited in consideration of human factors.

The product design and development of eco-fashion needs more attention. It is necessary to better understand consumer expectation and perception of sustainable design. A better understanding of ethical fashion and consumer perception can ensure the success of the eco-fashion product [START_REF] Joergens | Ethical fashion: myth or future trend?[END_REF][START_REF] Moon | Popularization of sustainable fashion: barriers and solutions[END_REF][START_REF] Niinimäki | Eco-clothing, consumer identity and ideology[END_REF][START_REF] Sisco | The nice consumer: Toward a framework for sustainable fashion consumption in the EU[END_REF]M. M. Wagner et al., 2018).

This study aimed to evaluate the distinct eco-styles in the garment style accordingly. Our evaluation is based on consumer perception of eco-design values. We introduced a new experimental design analysis process. This procedure intends to overcome the lack of systematic and objective methods for perception-based analysis of eco-fashion design. We developed our proposed process on methods that have been fully utilized with ensured precision. We used sensory evaluation tools along with the fuzzy logic method to process the qualitative data. The methods are used according to the successful application of sensory analysis methods. Sensorybased methods are applied in many diverse fields along with the fashion industry. An example is the subjective analysis of fabrics [START_REF] Luible | Subjective Fabric Evaluation[END_REF]. Further, this study applied fuzzy logic. This mathematical modeling tool is recognized as a useful tool to evaluate vague concepts. We applied the fuzzy set theory to process the perception data from ethical fashion, a concept based on emotions and morals.

Taking into account the considerations above, consumer perceptions in the eco-design process need to be stressed with a standard analysis model. Hence, we proposed in this research a novel experimental design analysis process to analyze the distinctive eco-styles in the garment style.

Hereby, we are considering fundamental eco-design principles such as the selection of eco-friendly material. The main contributions include the following aspects: (1) the originality of this study is the quantification of consumer perception of eco-fashion style in eco-fashion products. Perception has been analyzed before, but with qualitative methods. This procedure will benefit fashion designers and brand managers in sustainable product design and development; (2) the acquisition of perceptual data using a normalized sensory procedure and analysis; (3) the modeling with fuzzy techniques to deal with uncertainty in the acquired data.

Experimental Design and Principles of Sensory Evaluation and Related Concepts and Tools

This research introduces a novel eco-design analysis process for the perception of eco-fashion product appearance, see Figure 1. The proposed process relates to findings of sustainable fashion design and consumption [START_REF] Moon | Popularization of sustainable fashion: barriers and solutions[END_REF][START_REF] Niinimäki | Eco-clothing, consumer identity and ideology[END_REF][START_REF] Sisco | The nice consumer: Toward a framework for sustainable fashion consumption in the EU[END_REF]. To analyze consumer perceptions, we applied a sensory analysis of eco-designed fashion products.

Sensory evaluation and related concepts and tools

To facilitate the definition of products, designers can use visualization techniques and methods such as word cloud and mood board. Qualitative data is quantified using simple frequency counts to create word clouds. Mood boards are used to represent ideas and themes of fashion designers.

When evaluating products, designers and consumers create sensory data due to the usage of uncertain and imprecise linguistic expressions. Thus, a measurement system is needed dealing with linguistics including human perception. Also, vague language refers to qualitative judgments including emotions. And, emotions are especially crucial in ethical decision making, relating to Kansei Engineering (M. Wagner et al., 2018a). Intelligent computational techniques such as fuzzy set can be used to deal with sensory data analysis and modeling.

Sensory Engineering

Sensory studies can identify the relationship between human factors and product elements.

This relationship can include consumer perception, needs or emotions, and design appearance or style. Thus, sensory evaluation can be used to analyze consumer perception towards consumer products. This analysis can support product development and design. It is mainly applied in the automobile, food, or cosmetic industry. But, it also gains more relevance in the fashion industry, similar to the Kansei engineering methodology [START_REF] Nagamachi | Kansei Engineering: A new ergonomic consumer-oriented technology for product development[END_REF].

The evaluation of fashion style has been studied by several researchers using classical descriptive sensory analysis [START_REF] Zhu | A general methodology for analyzing fashion oriented textile products using sensory evaluation[END_REF]. And, methods have been applied to develop expert systems to evaluate fabric hand and fashion themes. [START_REF] Wang | Formalization of Fashion Sensory Data Based on Fuzzy Set Theory[END_REF] used Sensory Engineering (SE) in fashion, creating fashion sensory data for style, color, and image. Also, [START_REF] Pu | Raincoat design for children for age group 7-8 years: A design development case study[END_REF] used successfully sensory evaluation for a children raincoat design development case study based on objective analysis of user needs using a FEA (Functional, Expressive, Aesthetic) Consumer Needs Model. However, in practice, applications of environmental performance evaluation of eco-fashion with human subjects are rather limited due to the lack of systematic and objective methods. Thus, to evaluate eco-consumer products including human perception, sensory analysis using experimental design can be applied. The two main types of sensory testing, the analytical and the affective tests, collect either objective data through laboratory instruments or subjective data as perceived through the senses. Participants form representative sample sizes and can be either (non-/trained) experts or consumers. The analytical data is collected from trained panels or experts.

While the affective data uses untrained personnel or consumers, using smaller focus groups.

Word Cloud and Mood Board

Visualization techniques and methods such as word cloud and mood board can help to define design concepts. Qualitative data such as open-ended text responses from surveys or usergenerated content from social media can be quantified using simple frequency counts. Coding can be used (M. Wagner et al., 2018b), or word clouds are a quick and easy way to visualize large amounts of data [START_REF] Kavanaugh | Social media use by government: From the routine to the critical[END_REF]. For example, [START_REF] Cappelli | Are Consumers Willing to Pay More for a "Made in" Product? An Empirical Investigation on "Made in Italy[END_REF] used word clouds to analyze the perception of ''Made in Italy'' characteristics and leading brands.

Fashion designers use mood boards as a visual tool to facilitate the definition of products.

Mood boards are a collection of images (and objects) to represent a design brief including particular emotions [START_REF] Garner | Problem Interpretation and Resolution via Visual Stimuli: The Use of "Mood Boards" in Design Education[END_REF]. And, emotions are especially crucial in ethical decision making, relating to Kansei Engineering (M. Wagner et al., 2018a). The mood should aim to fulfill the expectations of a designed product. Researchers have applied mood boards as visual qualitative methods. [START_REF] Murto | Shaping the face of environmentally sustainable products: image boards and early consumer involvement in ship interior design[END_REF] used image boards as an interview stimulus in design. The researchers identified consumer beliefs for environmental sustainability from the appearance of products related to ship interiors. [START_REF] Carey | Ethical fashion dimensions: pictorial and auditory depictions through three cultural perspectives[END_REF] used mood boards to analyze consumer perceptions of a typical ethical fashion consumer and corresponding garment type.

Fuzzy Logic

The collection of sensory data uses pre-selected linguistic descriptors and evaluation scores.

Data is often statistically analyzed, including linear regression analysis [START_REF] Yu | Design of experiments and regression modelling in food flavour and sensory analysis: A review[END_REF], and principal component analysis (PCA). PCA is used to study primary sensory variables and eliminate redundancy. Being a multivariate technique, the method simplifies and describes interrelationships among multiple dependent variables. PCA is a useful technique for sensory descriptive data, when several dependent variables are collinear [START_REF] Balthazar | Sensory evaluation of a novel prebiotic sheep milk strawberry beverage[END_REF][START_REF] Cruz | Consumer perception of probiotic yogurt: Performance of check all that apply (CATA), projective mapping, sorting and intensity scale[END_REF][START_REF] Lawless | Sensory Evaluation of Food: Principles and Practices, Food science texts series[END_REF]. Another useful technique is the multiple factor analysis (MFA). This method is regarded as an enriched PCA and aims to analyze several data sets measured on the same observations by providing a set of common factor scores to analyze communalities and discrepancies [START_REF] Fonseca | Novel and successful free comments method for sensory characterization of chocolate ice cream: A comparative study between pivot profile and comment analysis[END_REF][START_REF] Pontual | Assessing consumer expectations about pizza: A study on celiac and non-celiac individuals using the word association technique[END_REF][START_REF] Santos | Ultra-flash profile and projective mapping for describing sensory attributes of prebiotic mortadellas[END_REF]. Other useful methods are the polarized projective mapping (PPM) [START_REF] Horita | Sensory profiling of low sodium frankfurter containing garlic products: Adequacy of Polarized Projective Mapping compared with trained panel[END_REF] and correlation coefficient analysis [START_REF] Stone | Sensory Evaluation by Quantitative Descriptive Analysis[END_REF], identifying linear patterns. Due to the uncertainty of human sensory data, relations can be nonlinear. And, applying statistical analysis might cause data loss. Also, precise data is needed, and other relations such as association relations cannot be identified. Intelligent computational techniques such as fuzzy set can be used to deal with sensory data analysis and modeling.

The theory of fuzzy logic has developed with the fuzzy set theory by Lotfi [START_REF] Zadeh | Fuzzy sets[END_REF] and has been widely applied since then. The fuzzy set theory has some basic operations. The fuzzy set is defined by a membership function (MF) and operates within an interval of [0, 1]. This unit interval defines the degree of membership, where zero does not belong to the set, and one belongs completely to the set, and in between belongs partially to the set. The linguistic terms of the rating scale can be quantified into Triangular Fuzzy Numbers (TFNs) using n-tuples, see Figure 1. The Triangular Fuzzy Number (TFN) M is most commonly used and can be denoted as a triplet, see van [START_REF] Van Laarhoven | A fuzzy extension of Saaty's priority theory[END_REF]:

where the parameters a, b, c, refer to the smallest, perfect and largest possible value: with the following triangular type membership function:

with the following operations for the fuzzy numbers for two TFNs, denoted as M1 = (a1,b1,c1) and M2

= (a2,b2,c2):

where .

To quantify the evaluation degrees we used a set of fuzzy numbers. We used triangular fuzzy numbers (TFNs) for the 5-degrees scale (A-E). These TFNs were defined with the corresponding membership function as shown in the linguistic rating scale in Table 1. For example, for A (Excellent) the corresponding TFNs are 0.75, 1 and 1. To aggregate the data using Equation 4-8, the aggregation Equation 8 is used like the following to define the group decision am, for the group of elevators m:

with the following sets:

(1)

(2)

(3) (4) (5) (6) (7) , (8) 
A set of evaluators called h = {1,…,20}, i.e., consumers C1-C20, and a set of evaluation scores ai, i={A,…,E}, with respect to criteria j, then, aijh is the number of evaluators h selecting one degree i, and t denoted as triplets (t1,t2,t3), referring to the triangular fuzzy number values, see Table 1.

Finally, using Equations 4-9, the distance d between two TFNs can be calculated using the Euclidean Vertex Method [START_REF] Chen | Extensions of the TOPSIS for group decision-making under fuzzy environment[END_REF]:

An example of the utilization of the Equations will be presented in 4.3.2. and 4.3.3.

Experiments and ResultsProposed Method

This research introduces a novel eco-design analysis process for the perception of eco-fashion product appearance, see Figure 2. The proposed design process relates to findings of sustainable fashion design and consumption [START_REF] Moon | Popularization of sustainable fashion: barriers and solutions[END_REF][START_REF] Niinimäki | Eco-clothing, consumer identity and ideology[END_REF][START_REF] Sisco | The nice consumer: Toward a framework for sustainable fashion consumption in the EU[END_REF]. The procedure started with the evaluation of consumer commitment to ethics. This assessment ensured that selected participants have an ethical commitment. Otherwise, conventional design analysis processes can be implemented, whereby the designer is the primary actor [START_REF] Cillo | Search Styles in Style Searching: Exploring Innovation Strategies in Fashion Firms[END_REF].

In this study, we applied sensory evaluation of consumers with ethical commitment. The sensory-based method translates qualitative consumer perceptions into quantitative results [START_REF] Oirschot | Applying analytical sensory evaluation techniques , which translate qualitative perceptions to numerical data to research on development issues[END_REF]. According to the previously described principles of sensory evaluation and related concepts and tools, we developed three experimental procedures to analyze the overall appearance of the eco-fashion style.

Step 1: Eco consumer expectations. The ethical design analysis process starts with the analysis of consumer expectations. In here, we used literature reviews and a discussion with a first group of designers. After this, we obtained a set of eco-design adjectives and images. As well as classified groups of design principles and mood boards.

Step 2: Design experience. Next, related adjectives reflecting the diverse eco-consumer needs as well as typical garment styles were proposed by a second group of designers. These garment styles are presented to a consumer group for evaluation.

Step 3: Eco-Design perception. The last step includes the consumer evaluation of the garment styles regarding the set of eco-descriptors. This evaluation was based on an online questionnaire. If consumers are satisfied with the eco-styles, the experiment leader finishes the process. If they are not satisfied, designers can propose new garment styles, until the eco-consumers agree with the final results.

3.1. Subjects . ( 9 
)
Controlled evaluator groups were targeted for the experiments, as shown in Table 2. This study used both, professional design experts and fashion consumers. The experts formed a mini focus group with a smaller number of 2 to max. 5 participants [START_REF] Kamberelis | Focus groups: Strategic articulations of pedagogy, politics, and inquiry[END_REF][START_REF] Krueger | Focus groups: A practical guide for applied research[END_REF]; this methodology allows for deep analysis of complex issues [START_REF] Bloor | Focus groups in social research[END_REF].

And, the consumers formed a small panel. The results from this small scale consumer tests are regarded as a tool to help to identify the proposed products and model [START_REF] Svensson | Design and Performance of Small Scale Sensory Consumer Tests[END_REF].

For each Experiment 1) and 2), 5 (eco-) fashion design experts were targeted respectively. In Group 1, 10 designers were selected consisting of 4 designers from France and Germany each, and 2 from China. The selection of experts with different nationality can ensure reproducibility and broad expert knowledge. In the first experiment, five designers of Group 1a were involved in the analysis of consumer expectations. In the next experiment, the second group of designers selected related adjectives reflecting the diverse eco-consumer needs and representative garment styles. In the third experiment, Group 2 was selected based on twenty experienced female consumers in Germany who were invited to participate in this study to evaluate the selected garment styles in the third experiment.

The subjects were carefully selected based on their experience and knowledge related to the research topic of ethical fashion. Purposive sampling technique was used as a tool for informant selection, not underlying theories but based on judgment sampling, using, for example, survey and questionnaire (Dolores C. [START_REF] Tongco | Purposive Sampling as a Tool for Informant Selection[END_REF]. In this study, a short questionnaire was used to screen potential participants for the two evaluator groups. The (eco-) fashion design experts need to have at least 5 years of work experience and at least a ''competent'' experience in one design area related to fashion or eco-design (See Table A1 and Table A2). The specific question as shown in Table A2 used a rating scale of 1-5, where 2 represents a ''competent'' experience. The group of ecoconsumers representing sustainable fashion users should have at least a ''competent'' knowledge, and choose "rarely" (scale rating: 2) as experience for one of the eco-fashion themes such as organic cotton (See Table A3). The related question was developed using a 1-5 scale to rate consumer knowledge and past purchase behavior.

Experiment 1) Eco-consumer expectations

In the first experiment, the experts of Group 1a (D1-D5) were involved in the creation of word clouds [START_REF] Cappelli | Are Consumers Willing to Pay More for a "Made in" Product? An Empirical Investigation on "Made in Italy[END_REF], sets of fashion images [START_REF] Wang | Formalization of Fashion Sensory Data Based on Fuzzy Set Theory[END_REF], and mood boards [START_REF] Carey | Ethical fashion dimensions: pictorial and auditory depictions through three cultural perspectives[END_REF][START_REF] Murto | Shaping the face of environmentally sustainable products: image boards and early consumer involvement in ship interior design[END_REF] of eco-design styles respectively to represent consumer expectations for eco-fashion products. The detailed process is as the following.

Collection of design criteria

Related adjectives and images of eco-fashion design were collected to describe eco-consumer expectations [START_REF] Wang | Formalization of Fashion Sensory Data Based on Fuzzy Set Theory[END_REF][START_REF] Zhu | A general methodology for analyzing fashion oriented textile products using sensory evaluation[END_REF]. At first, we collected numerous adjectives related to the eco-fashion design (~200 words) by referring to literature, magazines, and online (social) platforms related to sustainability and fashion. Then, the five experts discussed the collection through the focus group method, aiming for adjectives to represent eco-fashion design styles. Thus, the participants removed similar and less relevant words until only distinctive words were left. The discussion resulted in classified groups, and a one-word representative was chosen for each group.

We visualized the groups using word counts and word clouds, using the visualization software ''worditout'' (https://www.worditout.com).

Collection of garment styles

Simultaneously, we selected many eco-fashion product images (~100 images) from different fashion product categories such as women, men, children and shoes, focusing on sustainable brands or extensions, and collections. Next, the same expert group discussed the images. Again, less relevant images were removed and the participants selected representative images for different sets of styles. Finally, they chose one representative image per group.

Creation of mood boards

Based on these three word-groups and images of eco-fashion design styles, the author created the mood boards.

Experiment 2) (Eco-) designer experience

In the second experiment, the experts of Group 1b (D6-D10) were involved in the selection of the final design criteria and garment styles respectively. In the third experiment, this selection was used to analyze the consumer perception of eco-fashion products.

Selection of design criteria

To characterize the environment-friendly perception of garment design, the five (eco-) fashion designers & experts of Group 1b (D6-D10) created a list of descriptors [START_REF] Wang | Formalization of Fashion Sensory Data Based on Fuzzy Set Theory[END_REF] using the word clouds [START_REF] Cappelli | Are Consumers Willing to Pay More for a "Made in" Product? An Empirical Investigation on "Made in Italy[END_REF] and the mood boards [START_REF] Carey | Ethical fashion dimensions: pictorial and auditory depictions through three cultural perspectives[END_REF][START_REF] Murto | Shaping the face of environmentally sustainable products: image boards and early consumer involvement in ship interior design[END_REF] of the three eco-design categories as visual stimulus. The experts selected the best words after a discussion and voting, choosing six adjectives which reflect the diverse eco-consumer needs.

These words are forming the semantic space, used in the sensory analysis to identify consumer perceptions.

Selection of garment styles

Also, the same designers proposed three representative garment styles according to their experience. The evaluators were trained concerning the purpose of the evaluation. The selection was based on the findings of the first experiment, referring to the eco-design principles of the word clouds and the mood boards.

Experiment 3) Eco-consumer perception

The third experiment relates to the sensory evaluation of the three selected eco-designed garments [START_REF] Wang | Formalization of Fashion Sensory Data Based on Fuzzy Set Theory[END_REF][START_REF] Zhu | A general methodology for analyzing fashion oriented textile products using sensory evaluation[END_REF]. The quantification of consumer perceptions uses an evaluation scale, as shown in Table 3. The scale is defined to describe the design criteria scores for the perception of the eco-garments, with scores ranging from A to E (A, B, C, D, E), where A refers to Very Sustainable or Excellent and E to Not Sustainable or Poor. For example, if consumer C1 rates S1

(minimal) of Product P1 as A, it refers to Excellent, meaning that P1 is Very Sustainable concerning the minimal design style. By using these evaluation degrees, a group-decision can be calculated to assess the perception of the eco-garments according to the six design criteria generated in Experiment 2.

The comparative case study was carried out with a small consumer panel of 20 personnel (see Table 2, Group 2). The experiment was sent individually in a digital environment as a questionnaire to the consumer group. The questionnaire shows the pre-selected linguistic eco-style descriptors, displays the three selected eco-garments and provides the evaluation scale. A holistic approach is used to identify the overall product appearance and to categorize the products finally: Please rate the overall appearance of the eco-designed product.

Data Analysis using Fuzzy Logic

Finally, the uncertain data is processed using the fuzzy sets theory to measure the subjective data regarding the environment-friendly appearance of eco-fashion style in the garment styles, as shown in the following.

Results and Discussion

The results of the experiments are the following: In Experiment 1) consumer expectations are obtained, Experiment 2) uses the designer experience to create the semantic space and select representative garment styles, and Experiment 3) uses sensory evaluation to analyze consumer perceptions regarding the overall appearance. This comparative case study was carried out with a small consumer panel of 20 personnel (see Table 2, Group 2). Experiment 3 focused on female ecoconsumers born after 1980, i.e., Millennials, respondents' age ranged between 18-35 years.

Experiment 1) Eco-consumer expectations

In this first experiment, the experts of Group 1a (D1-D5) created 3 word clouds, 6 sets of fashion images, and 3 mood boards of eco-design styles respectively to represent consumer expectations for eco-fashion products.

Word clouds of eco-fashion design

The experts defined 94 adjectives representing the eco-fashion design. In a group discussion, these were categorized into three word clouds, highlighting the most frequently used adjectives as shown in Figure 3. Accordingly, word-cloud a) includes 49 words, representing the concept of style orientation with classical, minimal, everyday, basic, and high-quality styles. Word-cloud b) contains 14 words, referring to versatile products such as functional, innovative, complex, and unisex styles.

And, word-cloud c) holds 31 words to show the fashion orientation with fashionable, creative, individual, and limited styles.

Fashion images of eco-design

In the same group discussion, 100 different styles of eco-fashion were arranged into 6 sets of images. These image sets were compared to the word clouds and used as discussion stimulus to verify the selection of adjectives which will be used to analyze consumer perceptions in experiment three. Then, 1 representative image with distinctive style elements was selected per set accordingly, resulting in 6 representative styles: 1. classical styles (e.g., vintage, marine, stripes), 2. natural styles (e.g., natural-textured, denim), 3. functional styles (e.g., unisex, equality, sports, dynamic, multifunctional), 4. upcycled styles (e.g., DIY, handmade, recycled), 5. unique styles and 6. decorative styles (e.g., statement-, animal-prints).

Creation of mood boards

Based on these three word clouds and representative images of eco-fashion design styles, we created three mood boards as shown in Figure 4.

Experiment 2) (Eco-) designer experience

Selection of design criteria

This experiment concludes into the following six design descriptors and definitions: (S1) minimal and (S2) durable, (S3) multi-functional and (S4) dynamic, and (S5) unique and (S6) decorated, see Table 4.

Selection of garment styles

Three representative garment styles were proposed. The study focused on women hoodies, 

Experiment 3) Eco-consumer perception

Individual results of the consumers

The individual evaluation results of the 20 eco-consumers for the overall product appearance are presented for each descriptor; see Table B1 in Appendix B Consumer Data. The data collection recorded no missing data. Besides the product, consumer type can influence the decision.

Sustainable fashion is context and person dependent but can have common elements [START_REF] Henninger | What is sustainable fashion?[END_REF]. The experiments were carried out, focusing on female Millennials. For example, Lissitsa and Kol (2016) highlighted differences in Generation X and Generation Y (Millennials), analyzing their online purchasing behavior. Other consumer groups can be tested.

Aggregated evaluation results for the three products

The level of environment-friendly perception of each solution can be presented, using Equation 8. The aggregated evaluation results of the consumers are presented for each criterion, including the corresponding distance to the A-Excellent condition, see Table 5. This perception analysis process is repeated with other garment samples, using the same procedure to collect the evaluation results and aggregate the data using Equation 4-8. Based on these results, products can be modified [START_REF] Cillo | Search Styles in Style Searching: Exploring Innovation Strategies in Fashion Firms[END_REF][START_REF] Jones | Fashion Design, Biebl Ranweiler portfolio series[END_REF]. In here, the aim is to achieve higher environmentfriendly perception.

For example, using this method, the perception of the twenty consumers can be formulated as a new TFN. The values used in this calculation can be found in Table B1. For P1, S1 (minimal) (See Table 4) for degree A, there are three values of the TFNs (t1 = 0.75, t2 = 1, and t3 =1) (See Table 1. Out of the 20 evaluators (m=20), seven evaluators choose A (h=7, i=A, t1=0.75), eleven evaluators select B (h=11, i=B, t1=0. 5), two evaluators select C (h=2, i=C, t1=0.25), and none of the evaluators choose D (h=0, i=D, t1=0) or E (h=0, i=E, t1=0), then the aggregated value of t1 is 0.6.

The new TFN is as shown:

For example, Product 1 (P1) S1 = (0.6, 0.8, 1) means that S1 this aggregated evaluation is between B (Good) and A (Excellent), see Table 1. By referring to the defined fuzzy numbers in Table 1, the aggregated evaluation results can be analyzed as follows. The aggregated evaluation of P1 S2 = (0.5, 0.7, 0.9) is between C (Medium) and B. S3 and S4 = (0.1, 0.3, 0.5) are identically between D (Low) and C, and both S5 and S6 = (0, 0, 0.25) are identically corresponding to E (Poor).

For Product 2 (P2), S1 = (0.5, 0.8, 1) means that S1 this aggregated evaluation is between B and A.

The aggregated evaluation of S2 = (0.5, 0.7, 0.9) is, the same as for P1 S2, between C and B. S3 = (0.7, 0.9, 1) and S4 = (0.6, 0.9, 1.0) are both between B and A. S5 (0, 0.2, 0.4) and S6 (0, 0.1, 0.4) are both corresponding to E (Poor).

Product 3 (P3) S1 and S2 = (0.4, 0.7, 0.9) means that both this aggregated evaluation is between C and B. The aggregated evaluation of S3 = (0.1, 0.4, 0.6) and S4 = (0.1, 0.3, 0.6) is between D and C. S5 = (0.6, 0.9, 1) and S6 = (0.5, 0.8, 1) are both between B and A.

Concluding, all three products P1-P3 show different aggregated evaluation results in the design solutions, except for S2 durable. Also, S3 and S4, as well as S5 and S6 received similar responses.

Distance to the excellent condition

This study calculates the distance to the excellent condition for each eco-style S1-S6. The distances indicate the membership degree of each eco-style to different evaluation degrees; the shorter the distance, the higher the membership degree to the condition of Excellent or Very Sustainable (VS). For example, P1 S1 = (0.6, 0.8, 1) and A = (0.75, 1, 1) means that the distance of S1 to A (Excellent) is 0.15, see Table 5, calculated with Equation 9 as following:

The distances of the consumers' environment-friendly perception for the excellent condition are relatively short for S1 and S2 for all three products, see Table 5 and Figure 6; thus, most sustainable products are seen as more style-based (a), as minimal (S1) and durable (S2). Comparing the three different garments accordingly, we noticed that all three garments are at least a little minimal (S1) and durable (S2), mostly Product 1. These results can be explained due to the perception of hoodies as a basic garment type. Also, garment styles following the concept of slow fashion can be perceived with a certain degree of durability; Slow fashion products of all categories are seen as quality products [START_REF] Pookulangara | Slow fashion movement: Understanding consumer perceptions-An exploratory study[END_REF].

For P2, the distances are larger, especially for S5 and S6. Thus the garments' appearance is seen as less fashionable (c): unique (S5) and decorated (S6). For P3, its appearance is most fashionable (c), but least versatile (b): multi-functional (S3) and dynamic (S4). The sustainability perception of these garments can be improved by improving the design accordingly to match the criteria. If designers are not satisfied with the design evaluation of the eco-fashion styles, Experiment 2 (possibly including Experiment 1) can be repeated to update the list of design solutions, see Figure 2.

Discussion Conclusion

This research has proposed an experimental design analysis process for assessing consumer perception of eco-fashion style, according to key eco-design principles; the study has identified three eco-design principles (i.e., style, versatile, and fashion). Since the perception of consumers towards ethical fashion is somewhat subjective, as human perception can be vague and full of uncertainty, this study used sensory evaluation tools as well as the fuzzy logic method to process the qualitative data; No related research on ethical fashion has addressed these points. The data collection makes use of basic visualization and designer tools such as word clouds and mood boards. The data processing of qualitative data applied sensory evaluation and the fuzzy logic method. All the methods have been approved to be useful and could be applied successfully for the case of ethical fashion evaluation. In using these tools, the evaluation of ethical fashion can be improved, referring to the research of ethics and human perception which is somewhat imprecise.

The results of the case study carried out show that the proposed experimental design analysis process applies to the analysis of garment style regarding of eco-fashion style. By applying the process, the methods can distinguish between the eco-products. This process will benefit fashion designers in sustainable product design and development. The processed uncertain data using fuzzy set theory can show the environment-friendly appearance: We found that Product 1 is perceived as very minimal (S1) and durable (S2), Product 2 is very multi-functional (S3) and dynamic (S4), and Product 3 is very unique (S5), and a little decorated (S6).

Comparing the three different garments accordingly, we noticed that all three garments are at least a little minimal (S1) and durable (S2), mostly Product 1. This can be due to the perception of hoodies as a basic garment type. Also, garment styles following the concept of slow fashion can be perceived with a certain degree of durability; Slow fashion products of all categories are seen as quality products [START_REF] Pookulangara | Slow fashion movement: Understanding consumer perceptions-An exploratory study[END_REF].

Besides the product, the consumer type can influence the decision. Sustainable fashion is context and person dependent but can have common elements [START_REF] Henninger | What is sustainable fashion?[END_REF]. The experiments were carried out, focusing on female Millennials. For example, [START_REF] Lissitsa | Generation X vs. Generation Y -A decade of online shopping[END_REF] highlighted differences in Generation X and Generation Y (Millennials), analyzing their online purchasing behavior. Other consumer groups can be tested. Also, this research did not include consumers' acceptance of the eco-styles in the garment style, as described by [START_REF] Wang | A Product Line Analysis for Eco-Designed Fashion Products: Evidence from an Outdoor Sportswear Brand[END_REF].

However, future research can include this aspect.

The proposed process can be used in a digital environment, but also a non-digital, to carry out the experiments. In addition, the process has been designed to allow eco-design descriptors to be modified according to the processes of Experiment 1 and 2, see Figure 2. Finally, we argued that most eco-designed fashion products can be distinguished in their overall appearance by using these key eco-design principles. Based on the results, the appearance of garment designs can be improved to match the sustainability criteria. As a side note, this study does not support greenwashing but intends to provide valuable insights to fashion designers by assessing consumers' perception of eco-fashion style and ensure the success of sustainable product development. It has been seen that the product appearance influences consumer decisions; products should be designed with a low environmental impact and show the right eco-values in their design. This research did not include consumers' acceptance of the eco-styles in the garment style, as described by [START_REF] Wang | A Product Line Analysis for Eco-Designed Fashion Products: Evidence from an Outdoor Sportswear Brand[END_REF].

However, future research can include this aspect. Concluding, the proposed experimental design process applies to the analysis of garment style regarding eco-fashion style. Future research might focus on the evaluation of different garment styles and include a study on consumers' fashion acceptance and sensibility and using large scale consumer tests.
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The authors declare no conflict of interest. The founding sponsors had no role in the design of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; nor in the decision to publish the results. Tables Table 1. Evaluation scores, linguistic terms and fuzzy numbers (TFNs). (0.6, 0.8, 1) (0.5, 0.8, 1) (0.4, 0.7, 0.9) 0.15 0.21 0.27 S2 durable (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.4, 0.7, 0.9) 0.22 0.25 0.28 S3 multi-functional (0.1, 0.3, 0.5) (0.7, 0.9, 1) (0.1, 0.4, 0.6) 0.63 0.08 0.55 S4 dynamic (0.1, 0.3, 0.5) (0.6, 0.9, 1) (0.1, 0.3, 0.6) 0.63 0.10 0.59 S5 unique (0, 0, 0.25) (0, 0.2, 0.4) (0.6, 0.9, 1) 0.54 0.73 0.11 S6 decorated (0, 0, 0.25) (0, 0.1, 0.4) (0.5, 0.8, 1) 0.58 0.76 0.21

Appendix A Questionnaires

Evaluation degrees

  using a range of branded products of a multi-brand eco-online shop (only selling eco-fashion brands such as People Tree or Patagonia), the ''Avocado Store'' (https://www.avocadostore.de). The evaluators choose for three different eco-clothing products: (a) People Tree; (b) Engel Sports; (c) Lovjoi, see Figure 5.

Figure 1 .

 1 Figure Captions

Figure 2 .

 2 Figure 2. The experimental design analysis process including the three experimental steps.

Figure 3 .

 3 Figure 3. Word-clouds presenting expectations of eco-design style in three main concepts: (a) style; (b) versatile; (c) fashion.

Figure 4 .1Figure 5 .

 45 Figure 4. The mood boards used in the experiments: (a) style; (b) versatile; (c) fashion. 1

Figure 6 .

 6 Figure 6. Distance to the excellent condition.

Table A1 .

 A1 Eco-fashion designer experience.

	How long is your work experience in apparel
	design?	
	< 5 years of work experience	O
	> 5 years of work experience	O

Table A2 .

 A2 Level of work experience.

	What is your level of work experience in the following apparel design areas?
		Please give a ranking from 1-5.		
		1	2	3	4	5
		Limited	Competent	Good	Very good	Expert
	Apparel Design	O	O	O	O	O
	Sustainability	O	O	O	O	O
	Upcycling	O	O	O	O	O
	Minimalism	O	O	O	O	O

0 -None; 1 -Limited; 2 -Basic; 3 -Proficient; 4 -Advanced; 5 -Expert ..

Table A3 .

 A3 Eco-fashion consumer experience.

Table 2 .

 2 Evaluator Groups for the experiments.

	Group 1. (Eco-)designers	Group 2. Eco-consumers
	In Experiment 1: 1a. 5 (eco-) fashion designers In Experiment 2: 1b. 5 (eco-) fashion designers	In Experiment 3: 20 female eco-consumers > 1980 (Millennials)
	> 5 years of work experience	> 1-2 years of sustainable consumption
	originated from Germany, France, China	originated from Germany

Table 3 .

 3 Evaluation scale.

	Evaluation degrees Sustainability degree	Linguistic term
	A	Very Sustainable (VS)	Excellent
	B	Sustainable (S)	Good
	C	Indifferent (I)	Medium
	D	Less Sustainable (LS)	Low
	E	Not Sustainable (NS)	Poor

Table 4 .

 4 Eco-design descriptors.

	Descriptors	Definition
	S1 minimal	reduced, timeless silhouettes
	S2 durable	robust, high-quality fabrics
	S3 multi-functional	functional (e.g., reversible) garment
	S4 dynamic	good fit/size (e.g., adjustable for mobility or
		growth)
	S5 unique	uncommon style
	S6 decorated	creative/stylish

Table 5 .

 5 Aggregated evaluation results for products P1-3.

			Aggregated evaluation result		Distance to A-Excellent
	Descriptors	P1	P2	P3	P1	P2	P3
	S1 minimal