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Abstract:



The use of materials derived from waste is one of the prominent ways to contribute to sustainable product design. However, there is a stark gap in literature concerning how people appraise such materials. In this paper, we present our initial attempts to understand the aesthetic appreciation of materials, in particular those derived from discarded raw materials, i.e., revived materials. Two studies were conducted for which we took the aesthetic principle unity-in-variety as the departure point. In the first study, we explored material appraisals by testing whether different visual and tactile qualities interrelate with each other in a similar or contradictory way. Based on these findings, two revived materials were modified and our main assumptions were further explored in Study 2. We outline our findings and show that the aesthetic appreciation of a material can be influenced by the (in)congruity between visual and tactile qualities of the material.
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1. Introduction


The growth of sustainable product design has led to the use of alternative materials (e.g., materials derived from waste, bio-based materials, etc.) as substitute to regular, petroleum-based ones [1,2,3,4,5]. In parallel, new or improved aesthetics for materials are emphasised as an essential way to foster sustainability in societies [6,7,8,9,10,11,12]. Currently, most sustainable materials either fully express their purpose through natural patterns and avoidance of, for example, material colorants [8]; or they avoid any aesthetic reference to their “sustainable” nature and imitate a conventional material [3]. Neither of the above approaches seems to fully succeed in wide uptake of such materials by societies [3,9]. Materials that express their natural patterns puts strong emphasis on “green aesthetics”, which might not always be desired by people [8,11,13]. Materials that hide their natural origin do not clearly convey their difference from the conventional materials. In both cases, the result is that material appreciation is limited to niche user groups in societies [7,12,14].



In this paper, we focus on materials from waste. They create a double benefit in the life cycle analysis, because they do not require the extraction of resources, and they make use of waste that would otherwise be disposed [15,16]. Despite their environmental benefits, materials made from waste are not always positively received by end users [17]. On the other hand, while the environmental performance and the suitability of materials from waste have been discussed in the literature to a great extent [18,19,20,21,22], the reception of these materials by users, who come into contact with these materials in consumer products, has only been studied to a limited extent.



In this paper, we present our preliminary attempts to understand the aesthetic appreciation of materials from waste, in particular of those derived from discarded raw materials, i.e., revived materials [23]. We introduce the term revived materials in order to distinguish such materials from recycled materials. Recycled materials are obtained through reusing materials that previously embodied (a part of) a product. In contrast, revived materials are made from discarded sources, such as leftovers from production streams or pruning. For example, they can be waste or by-products from food production, raw material production or agriculture, or leftover food. As designing with revived materials is becoming prevalent in design practice [24], we argue that understanding how these materials are received by consumers, whether they are appreciated or not, is crucial.



Product designers play an important role in setting new values in society. In fact, by presenting different materials in various contexts and forms embedded in artefacts, they can influence the appreciation of certain aesthetic approaches and affect people’s behaviours [25]. We argue that how revived materials are aesthetically appraised should be carefully considered by designers to valorise them in design. Our ultimate aim is to support designers in understanding and mobilising revived materials in ways that people will appreciate their aesthetic qualities. Therefore, our initial research questions are: When do we think a particular material is beautiful? How would that relate to the designers’ willingness to design with the material?




2. Method


This research grounds on the Design Research Methodology (DRM) as described by Blessing and Chakrabarti [26]. DRM includes four stages: (1) Research Clarification, in which the researchers find evidence that support their assumptions in order to formulate a research goal; (2) Descriptive Study I, where more literature is reviewed and a descriptive study is conducted to model the existing situation; (3) Prescriptive Study, in which a new theory, model, method, tool, etc. is proposed to support or improve the existing situation; and (4) Descriptive Study II, to evaluate the implication of the proposed support. The DRM methodology is widely applied in design research, particularly for the design research questions which concern finding behavioural patterns in people–product interactions through more empirical ways. Accordingly, we conducted four main activities that build upon each other, not only to understand when people appreciate the aesthetic qualities of a material, but also to develop guidelines for (material) designers to improve the aesthetic qualities of a material at hand according to our findings. In Figure 1, the overview of the phases, which fall under these four main activities, are summarised. The first phase focuses on setting the boundaries for Study 1. For example, “aesthetic pleasure in design” is defined grounding on previously conducted studies in the field of product design; a preliminary study is performed to select a number of material samples to be used in the next phase (Study 1). In Study 1, an empirical user study is conducted to explore when designers think a particular material is beautiful and are willing to design with it. This led to the creation of a hypothesis, which was further explored in the second descriptive study (Study 2). To support Study 2, we varied the visual and tactile qualities of two revived materials (Prescriptive phase): Ecovative (a mycelium-based material) and Goodhout (a coconut-based material). In the following sections, these main activities are presented.


Figure 1. Design research methodology grounding on Blessing and Chakrabarti [26].
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3. Aesthetic Pleasure in Design


Aesthetics has been defined as “pleasurable to the senses” since the eighteenth century. There are general principles of aesthetic pleasure, which are uniform in human nature. For example, patterns and features that favour adaptive functions are perceived as pleasant, because they support human survival [27].



In the field of product design, one of these aesthetic principles is unity-in-variety. The world around us is inherently chaotic and therefore our brain tries to organize and structure incoming sensory information. In order to understand an object and find it pleasurable, a form of unity between the various parts is needed. However, too much unity leads to boredom and loss of interest [27,28]. Therefore, pleasure can also be experienced in finding variety. Post et al. [29] show that product designs that exhibit an optimum balance between unity and variety are aesthetically preferred. They also argue that while some of the aesthetic principles, such as “most advanced yet acceptable” (MAYA), have been researched extensively, little empirical research exists on the joint effect of unity and variety on aesthetic pleasure for human artefacts, let alone, materials of artefacts.



Unity-in-variety proceeds from the ordering principles, which are frequently described in literature as the aesthetic universals (Table 1) [30,31,32,33]. In our study, we took these universals as the departure point and asked ourselves: how would these universals be mobilised when transferred into the “materials” domain?



In material appraisals, touch and vision are the most dominant sensorial modalities [34,35]. Earlier studies show that unity-in-variety work in the visual and tactile domain [29,36]. We argue that the aesthetic universals in the materials domain may refer to the relationships between visual and tactile qualities in material appraisals. Subject to our experiences with and through materials [37,38] some assumptions are developed on how a particular material would feel when it is touched based on its visual qualities.



In product design, the visual–tactile (in)congruity between visual and tactile sensations is known to elicit certain emotions such as surprise. This reaction can be beneficial, because it can lead to more attention and recognition [39]. Therefore, by analysing the relationships between tactile and visual qualities of a material within the scope of “aesthetic universals”, we assume that we can predict the potential aesthetic appreciation of a material. When we touch the material, the tactile sensation may either complement or contradict our visual perception. This experience can directly be linked to the aesthetic universals “similarity” and “contrast”, and therefore these universals were selected for further exploration in our studies.




4. Preliminary Study: Selection of the First Set of Revived Materials


A set of revived materials was collected for use within the study. These materials are usually leftovers from the production of other materials/products or landscape maintenance. In total, fourteen materials were collected (see Appendix A) and first conducted a preliminary study to obtain a general understanding of whether and to what extent these materials are found beautiful or ugly. Our ultimate aim was to select a manageable number of materials set which includes the materials which are commonly found beautiful, or ugly, or which are confusingly found beautiful by some participants, and ugly by others. This set could then be used in a next study to be further explored.



In this preliminary study, nine participants including students who completed at least three years of design education, and academic staff of the Faculty of Industrial Design Engineering (IDE) at Delft University of Technology (DUT) were asked to select the three most beautiful and the most ugly samples and explain their choices. The samples were presented altogether in the same format. In order to focus on visual and tactile surface qualities (note that weight and wall thickness are not included) all samples were masked. The participants could only touch to the surface of the materials, but could not hold them (Figure 2 depicts the stimuli set up for the preliminary study).


Figure 2. The set up for the preliminary study, with “cardboard rings” given to the participants to specify the most beautiful and the ugliest materials.
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Based on the results of the preliminary study, we selected in total six materials for the next study (Study 1): Cocoa paper, Ecovative, Goodhout, Kokoboard peanut, Palmleather and Fishleather (Figure 3). Goodhout (Sample 3 in Figure 3) and Fishleather (Sample 6 in Figure 3) were the two samples, among 14 samples, which were commonly found to be beautiful by all participants; conversely, Kokoboard peanut (Sample 4 in Figure 3) and Ecovative (Sample 2 in Figure 3) were commonly found to be ugly. Cocoa paper (Sample 1 in Figure 3) and Palmleather (Sample 5 in Figure 3) were the most ambiguous samples, which were considered beautiful by some participants and ugly by others.


Figure 3. Six revived materials selected to be used as stimuli in Study 1 [40,41,42,43,44,45].
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5. Study 1: When Is a Material Appreciated as Beautiful? When Do Designers Want to Design with a Material?


An empirical study was conducted with 30 participants (15 male, 15 female) ranging in age between 22 and 30 years (M (mean) = 25.1, SD (standard deviation) = 1.689). The participants were Master students in IDE at DUT, whom we approached via online announcement through a social student platform. The aim of the study was to explore the effects of similarity and contrast between the visual and tactile qualities of revived materials on aesthetic appreciation. We further aimed to explore whether designers (in this case, design students) would like to design with those materials, and how this would relate to aesthetic appreciation of such materials.



5.1. Method


Thirty participants were individually invited to a room at the Faculty of Industrial Design Engineering. All six material samples (Figure 3) were assessed one by one under daylight, presented in a randomized order. Each sample has been masked individually as depicted in Figure 4. The materials were unfamiliar to the participants. The procedure was briefly explained to the participants before they were given the first sample. We provided participants with a set of sensorial qualities (Figure 5), which were presented in seven-point scales. Participants were first asked to assess the materials visually and fill in the scales concerning both visual qualities of materials, i.e., colour related scales such as gradient-abrupt, similar-contrasting, and gloss-matte; and tactile qualities, such as smooth–rough, hard–soft, moist–dry, sticky–non-sticky and cold–warm. Next, they were asked to touch the samples and fill in the same scales about tactile qualities.


Figure 4. Presentation of materials (Fishleather (left) and Palmleather (right)) during Study 1.
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Figure 5. Sensorial scales used in Study 1.
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In order to construct the sensorial quality set, we adapted the expressive-sensorial atlas of Rognoli [46], the sensorial scales of Karana [34,47], and the Matrix of Zuo [48]. In these earlier studies, a number of sensorial qualities were found as the most commonly used qualities to describe materials. For example, Karana [34] conducted a series of user studies through which she collected above 300 sensorial descriptive items (e.g., smooth, slippery, and sticky) that are used by people to describe how a material touches and feels. She analysed these descriptions and revealed the most frequently and commonly used descriptions, which constructed the sensorial scales she introduced in Karana et al. [47].



Two more qualities were added, which were not found in the existing scales used by those three scholars: “regular/irregular texture” and “fibreness”. The visible fibres and irregular texture were found to be important in the appraisals of sustainable materials as natural and high quality materials [3]. Since most of the materials we chose for this study had visible fibres, we included this aspect to be further explored in our study. The scales were presented in a randomized order.



After completing the sensorial scales, participants were asked to assess the materials first on “beauty”, as suggested by Blijlevens et al. [30], in order to explore to what extent these materials were appreciated. To study how this would relate to the willingness to design with such materials, participants were asked whether they would design with the material if they had a chance and if so, why. The study took about 30 min per participant.




5.2. Results


One-way analysis of variance (ANOVA) and Pearson’s r test were conducted on the raw data. With the first test, we compared the mean between the visual–tactile relation and beauty, as well as willingness to design. Hochberg’s GT2 test served as the post-hoc test of the one-way ANOVA, because the visual–tactile relation is composed of different group sizes [49]. Pearson’s r correlation test was applied to show the correlation between beauty and willingness to design, as well as the mono-sensorial and multi-sensorial aspects for the visual domain. All data of the materials could be merged within one data sheet, because the relation between the visual and tactile aspects is tested, i.e., absolute value difference of the variables between the materials does not influence the analysis. This resulted in a larger data set.



The results of the Pearson’s r correlation test showed that Goodhout (Sample 3, Figure 3) and Palmleather (Sample 3, Figure 3) were the most beautiful materials according to the participants (Palmleather: M = 5.00, SD = 1.050, Goodhout: M = 4.57, SD = 1.501), while Ecovative (Sample 2 in Figure 3) was considered as the ugliest Material (M = 3.50, SD = 1.592). Expectedly, the Pearson’s r correlation test showed a strong relation between “beauty” and “willingness to design” (r = 0.682, n = 180, p = 0.000).



The relationship between vision and touch in relation to beauty was analysed using one-way ANOVA. As we focussed on “similarity” and “contrast” in between what you see and what you find when you touch, the visual and tactile ratings were compared for every scale, for example rough–smooth. Based on the difference between the ratings, outcomes were grouped according Table 2, e.g., the average rate of a certain quality, such as roughness, for vision was equal to or differed by 1 (≤1) from the tactile rating, we labelled that sample as “similar”.



Table 2. Classifications of means for tactile (T) and visual (V) sensations.







	
Scale

	
Boundaries






	
Similar

	
≤1




	
Contrast

	
V > 4 and T < 4 or vice versa, V = 1 and T = 4 or V = 7 and T = 4




	
Variance

	
Relation V–T ≠ boundaries of Similar or Contrast










The participant detected the contrast and similarity between the visual and tactile qualities for only two material qualities: “regularity of texture” and “fibreness”. We have found a significant effect for these material qualities on “Willingness to design” (regularity: F(2,177) = 4.237, p = 0.016, Fibreness: F(2,405) = 6.684, p = 0.003) (Figure 6, Appendix B). Post hoc comparison using Hochberg’s GT2 test indicated that the participants were willing to design with the samples, which they thought had contrasting qualities for regularity of texture (M = 5.09, SD = 1.422) and fibreness (M = 5.08, SD = 1.233), in comparison to similar (regularity of texture; M = 4.26, SD = 1.617, fibreness; M = 4.16, SD = 1.633). The samples that were assessed as variance did not significantly differ from either similar or contrasting samples (regularity of texture for variance; M = 3.94, SD = 1.819, fibreness for variance; M = 4.50, SD = 1.978) (Table 3 and Table 4).


Figure 6. Highest mean for contrast for regularity of texture (a) and fibreness (b) in relation to willingness to design.
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Table 3. Post hoc comparison (Hochberg’s GT2) for regularity of texture. Significant results are emphasized in bold (p < 0.05).







	
Dependent Variable

	

	
Regularity of Texture

	
Regularity of Texture

	
Mean Difference (I-J)

	
Std. Error

	
Sig.

	
95% Confidence Interval




	
Lower Bound

	
Upper Bound






	
Willingness to design

	
Hochberg

	
Similar

	
Variance

Contrast

	
0.320

−0.829

	
0.413

0.312

	
823

0.026

	
−0.68

−0.1.58

	
1.32

−0.08




	

	

	
Variance

	
Similar

Contrast

	
−0.320

−1.150

	
0.413

0.479

	
0.823

0.051

	
−1.23

−2.30

	
0.68

0.00










Table 4. Post hoc comparison (Hochberg’s GT2) for fibreness. Significant results are emphasized in bold (p < 0.05).







	
Dependent Variable

	

	
Fibreness

	
Fibreness

	
Mean Difference (I-J)

	
Std. Error

	
Sig.

	
95% Confidence Interval




	
Lower Bound

	
Upper Bound






	
Willingness to design

	
Hochberg

	
Similar

	
Variance

Contrast

	
0.340

−0.921

	
0.403

0.299

	
0.783

0.007

	
−1.31

−0.1.64

	
0.63

−0.20




	

	

	
Variance

	
Similar

Contrast

	
−0.340

−0.581

	
0.403

0.459

	
0.783

0.501

	
−0.63

−1.69

	
1.31

0.53










Figure 6 shows the highest mean for contrast for regularity of texture (a) and fibreness (b) in relation to willingness to design. This means that, when there is a contrast between for example how fibred a material looks, and how fibred it feels when touched (e.g., it may feel very smooth though it has many visible fibres), the designers that took part in Study 1 were willing to design with the material.



In the final question, participants were asked to explain their willingness to design with the material as they indicated on the seven-point scale. There were six samples and 30 participants, resulting in a total of 180 answers for willingness to design. Over half of these answers were positive (96 out of 180). In 20 out of 96 positive answers, participants explained their choice by mentioning that they liked the ambiguity between what they saw and what they felt (e.g., participant about Fishleather: “It feels softer than it looks, which was a nice surprise”). Other response often mentioned “association with nature” (18 out of 96) or connotations with certain contexts or products (14 out of 96) (e.g., participant about Palmleather: “It looks like a leaf of an exotic tree. So maybe you could use this material for architectural purposes”. The motivation behind their answers is in line with the outcome of the one-way ANOVA test (Section 5.1, Appendix B). People were often willing to design with the material when there was a surprising tactile experience, i.e., when there was incongruity between the tactile experience and its visual clues (e.g., participant about Goodhout: “The material looks kind of rough, but feels polished. I like these kind of contradictions in a product”). Indeed, the materials, which were rated as most beautiful have this quality in common, e.g., Palmleather looks hard, but feels soft and Goodhout looks rough, but feels smooth.



Finally, a Pearson’s r test was conducted to check which tactile qualities are interrelated with which visual qualities. The results are outlined in Table 5. For example the smoothness, which is a tactile quality, is significantly correlated with a glossy appearance and gradual colour changes. The significant results are summarised in Table 6. This table outlines how tactile qualities should be translated to the visual domain, e.g., to obtain a visual rough surface, a material designer should create an abrupt colour transitions and matte surface. These results guided the formulation of the prescriptive phase in which we modified the sensorial qualities of two revived materials to create contrasting and similar effects.



Table 5. Pearson’s r test showing which tactile qualities are interrelated with which visual qualities. Significant results are emphasized in bold (p < 0.05).







	

	

	
Gradual-Abrupt Colour Change

	
Similar-Contrasting Colour Change

	
Glossy-Matte






	
Smooth–rough

	
Pearson Correlation

	
0.203

	
-0.051

	
0.193




	
Sig. (2-tailed)

	
0.008

	
0.512

	
0.009




	
n

	
170

	
170

	
180




	
Hard–soft

	
Pearson Correlation

	
−0.080

	
−0.058

	
0.073




	
Sig. (2-tailed)

	
0.299

	
0.45

	
0.392




	
n

	
170

	
170

	
180




	
Moist–dry

	
Pearson Correlation

	
−0.138

	
−0.118

	
0.211




	
Sig. (2-tailed)

	
0.072

	
0.125

	
0.004




	
n

	
170

	
170

	
180




	
Sticky–non sticky

	
Pearson Correlation

	
−0.161

	
−0.151

	
0.213




	
Sig. (2-tailed)

	
0.036

	
0.05

	
0.004




	
n

	
170

	
170

	
180




	
Cold–warm

	
Pearson Correlation

	
0.028

	
−0.033

	
0.17




	
Sig. (2-tailed)

	
0.718

	
0.673

	
0.023




	
n

	
170

	
170

	
180




	
Regular–irregular

	
Pearson Correlation

	
0.26

	
0.295

	
0.011




	
Sig. (2-tailed)

	
0.001

	
0

	
0.885




	
n

	
170

	
170

	
180




	
Fibred–non fibred

	
Pearson Correlation

	
−0.293

	
−0.198

	
0.15




	
Sig. (2-tailed)

	
0

	
0.01

	
0.045




	
n

	
170

	
170

	
180










Table 6. Visual translation of tactile properties.







	
Tactile Quality

	
Visual Quality






	
Smooth

	
Gradual colouring and glossy




	
Rough

	
Abrupt colouring and matte




	
Moist

	
Glossy




	
Dry

	
Matte




	
Sticky

	
Abrupt and contrasting colouring, glossy




	
Non sticky

	
Gradual and similar colouring, matte




	
Cold

	
Glossy




	
Warm

	
Matte




	
Regularity of texture

	
Gradual and similar colouring




	
Irregularity of texture

	
Abrupt and contrasting colouring




	
Fibred

	
Abrupt and contrasting colouring, glossy




	
Non fibred

	
Gradual and similar colouring, matte












6. Material Modification: Developing a New Set of Material Samples for Study 2


The significant outcomes of the one-way ANOVA (Section 5.2, Appendix B) revealed a preference among the participants for contrast between visual and tactile sensations. This was also supported by their answers on why they would like to design with these materials. Based on the results from Study 1, we argue the following: Contrast between the visual and tactile qualities of revived materials favours beauty and willingness to design. This is particularly strong when the contrast is related to the regularity of texture and the fibreness of a material. For example, when there is a contrast between how fibred a material looks, and how fibred it feels when touched (e.g., it may feel very smooth though it has many visible fibres), designers would think that the material is beautiful and they would want to design with the material.



In Study 2, we wanted to explore this argument further. In order to do so, we first developed new material samples based on our findings presented in Table 6. We challenged ourselves by selecting the ugliest samples (according to the results obtained in Study 1), and argued that even such a material, which was initially appraised as ugly, when modified based on our results, could be perceived as beautiful. Likewise, a beautiful material might be perceived as ugly when modified in accordance with our results. Accordingly, we manipulated the visual and tactile qualities of two revived materials: Ecovative (Sample 2, Figure 3), which was assessed as the ugliest material, and Goodhout (Sample 3, Figure 3), which was assessed as one of the most beautiful materials in Study 1. Figure 7 shows the ratings of Ecovative from Study 1. The material was perceived as rough, hard, dry, non sticky, warm, irregular and fibred. Figure 7 also shows that the visual and tactile appraisals for this particular material were quite similar. Figure 8 shows the ratings of Goodhout from Study 1. In comparison to the Ecovative sample, there is significant contrast between the visual and tactile ratings of the Goodhout sample. By modifying their sensorial qualities, we aimed to achieve two samples of the same material; one with similar visual and tactile qualities and the other one with contrasting visual and tactile qualities.


Figure 7. Mean ratings for Ecovative from Study 1 (n = 30).
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Figure 8. Mean ratings Goodhout from Study 1 (n = 30).
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We used the results presented in Table 6 to pick the qualities to modify. For example, in order to obtain contrast between tactile and visual qualities of materials for “roughness”, we created a rough surface (to touch) yet glossy with gradual colouring (to sight). Several samples were created to obtain contrast on the surface of Ecovative, by applying different surface finishes, different colour pigments and pressure during growth (Figure 9). These trial samples illustrated the possible ways to manipulate the Ecovative material, in line with the significant characteristics outlined in Table 6. It became clear that a contrasting sample was hard to create with the Ecovative material; the texture stayed irregular in both the visual and tactile domain and fibres remained visible. The only contrast could be reached by creating a glossy and gradual coloured visual surface that felt rough.


Figure 9. The Ecovative (mycelium based-material) samples with different tactile and visual qualities.
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Figure 10a shows the similar sample for Ecovative. The sample looks irregular, fibred, matte and abrupt, which was accomplished by the colouring. It also feels irregular, fibred and rough. Creating a real contrasting sample was quite demanding for this material. The contrasting sample (Figure 10b) feels and looks irregular and fibred, but rougher than expected due to a gradual colouring and a slightly glossy appearance.


Figure 10. Similar sample (a); and contrasting sample (b) of Ecovative. Including coding for analysis: ES is Ecovative Similar (expected tactile qualities based on visual clues), EC is Ecovative Contrasting (unexpected tactile qualities with regards to visual clues).
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Four Goodhout samples were created through applying different amount of pressure and with different fibre sizes. These initial samples showed to what extent the quality of the material facilitates the modification of the material as described in Table 6. A “contrasting” sample could be obtained by creating an irregular, fibred, matte and abrupt visual surface, while the material felt regular, non-fibred and smooth. The “similar” sample looked regular, fibred and matte with a gradual colouring and felt regular, fibred and rough.



Figure 11 shows the two selected samples. Figure 11a shows the similar sample that has congruent tactile and visual qualities. The contrasting sample (Figure 11b) was obtained by high compression pressure and big size fibres, which resulted in a smooth, but visually irregular and fibred surface.


Figure 11. Similar sample (a); and contrasting sample (b) of Goodhout. Including coding for analysis: GS is Goodhout Similar and GC is Goodhout Contrasting.
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7. Study 2: Do the Created Material Samples Represent Similarity or Contrast as Intended? Are They Aesthetically Appreciated?


The four developed material samples were presented to participants who were asked to evaluate whether they thought the samples were similar or contrasting; and whether they appreciated the samples. Thirty-eight IDE students (DUT) (19 male, 19 female) ranging in age between 17 and 26 years (M = 22.2, SD = 2.905) participated in the empirical study. Both bachelor and master students, who were not involved in the previous studies, were randomly approached. They voluntarily participated individually to the study, which took about 10 min per participant. The main aim of the study was to verify the hypothesis obtained from Study 1.



7.1. Method


All four materials were provided pairwise to the participants, to allow them to compare the developed samples. The participants were asked to touch and feel the samples and fill in the questionnaire on a computer screen. The paired samples were given in different orders and participants were allowed to touch and hold the samples. The study was conducted by daylight. All questions were presented in a seven-point scale. Participants were first asked to rank the material from ugly to beautiful and to score their willingness to design with material. Then they were asked to answer whether the tactile and visual experience of the material was similar or contrasting and expected or unexpected.




7.2. Results of Study 2


The collected data were analysed quantitatively. The data were tested on normality, due to a relatively small group size [50]. Most factors scored significant on the Shapiro–Wilk test, meaning that they were not normally distributed. Therefore, the Wilcoxon signed-rank test was conducted on the raw data to assess whether the mean ranks differed. This test can be seen as the non-parametric equivalent of the dependent t-test [49]. It was performed to analyse whether the samples were perceived as similar and contrasting and to reveal which samples were appraised as the most beautiful. A Kendall’s tau test (non-parametric equivalent of Pearson’s r test) was performed to compare contrast and similarity in relation to beauty and willingness to design for each of the samples.



Goodhout samples scored significant for both similar-contrast and expected-unexpected in the Wilcoxon signed-rank test (Table 7). The similar-contrasting perception of the material was significantly higher for the Goodhout Contrasting (GC) sample (Mdn (median) = 5.0) than the Goodhout Similar (GS) sample (Mdn = 2.0, Z = −3.658, p = 0.000). The expected-unexpected rankings were also significantly higher for the Goodhout Contrasting sample (Mdn = 5.0) than the Goodhout Similar sample (Mdn = 2.0, Z = −4.487, p = 0.000). This means that the Goodhout Similar sample, which was intended to have congruent visual and tactile qualities, was perceived as “similar”. The Goodhout contrasting sample was also assessed as intended, i.e., as “contrasting tactile and visual qualities”. Following these results, we analysed the Goodhout samples further as they were appraised as intended. Ecovative samples (Ecovative Similar; ES, Ecovative Contrasting; EC) were not analysed further as the Wilcoxon test reported the comparisons were not significant at p = 0.050 level (Table 7).



Table 7. Outcome of Wilcoxon signed-rank test for similar-contrasting and expected-unexpected samples. Significant results are emphasized in bold (p < 0.05).







	

	
EC_Similar–ES_Similar

	
EC_Expected–ES_Expected

	
GC_Similar–GS_Similar

	
GC_Expected–GS_Expected






	
Z

	
−0.313

	
−0.318

	
−3.658

	
−4.487




	
Asymptotic. Sig. (2-tailed)

	
0.754

	
0.750

	
0.000

	
0.000








EC: Ecovative similar; ES: Ecovative contrasting; GC: Goodhout contrasting; GS: Goodhout similar.








A second Wilcoxon signed-rank test was performed for beauty in relation to the similar and contrasting samples of Goodhout (Table 8). For Goodhout, beauty is significantly higher for the contrasting (GC) sample (Mdn = 5.0) than the similar (GS) sample (Mdn = 4.0, Z = −2.319, p = 0.020). In a Kendall’s tau test we found a significant negative correlation between beauty and similarity for the contrasting Goodhout sample (r = −0.294, n = 32, p = 0.041).



Table 8. Outcome Wilcoxon Signed-rank test for aesthetic pleasure of Goodhout samples. Significant results are emphasized in bold (p < 0.05).







	

	
GC_Beauty–GS_Beauty

	
GC_Design–GS_Design






	
Z

	
−2.319

	
−0.992




	
Asymptotic. Sig. (2-tailed)

	
0.020

	
0.321










Summarizing these findings, the contrast sample was found to be significantly more beautiful than the similar sample. However, when participants were asked about the contrast sample, a minority of them considered the visual and tactile qualities to be similar and appraised the contrast sample as significantly more beautiful than the majority of participants who considered the visual and tactile qualities as contrast. Furthermore, as opposed to Study 1, there was only a significant correlation for beauty and not for willingness to design (Table 8).





8. Discussion


In this paper, we presented our initial attempts to understand the aesthetic appreciation of materials, in particular those derived from discarded raw materials, i.e., revived materials. We conducted four main phases: In the first phase, boundary conditions where defined with literature and material sample selection, which were further explored in phase 2 within an empirical study (Study 1). In phase 3, material samples were created, based on the findings in Study 1, to be used in the final phase, in which we conducted Study 2 to validate our findings. In this section, we will discuss on our findings, limitations of the studies conducted, and list a number of directions for future research.



When creating the desired contrasting and similar material samples, we modified sensorial qualities as suggested in Table 6 to test if our theory worked in practice. We experienced that “regularity of texture” and “fibreness” in combination with the colour changes for the visual domain and smooth–rough for the tactile domain, were the most convenient to work with. This corresponds with the significant findings for “regularity of texture” and “fibreness” of Study 1 and suggests that among the study participants, these parameters were most suitable for testing cross-sensory relations. However, developing high-fidelity material samples were more difficult than anticipated. This was confirmed by the results of Study 2, in which we found that the participants did not consider the Ecovative samples as distinct samples.



The results of Study 2 also showed that the created samples of Goodhout distinguished significantly and could be seen as a representation of a similar and contrast sample. Therefore we considered these samples as “high-fidelity/reliable” samples and further analysed them. In line with our assumption, the participants found the contrasting sample of Goodhout significantly more beautiful than the similar one. However, when participants were asked about the contrast sample, a minority of them considered the visual and tactile qualities to be similar and appraised the contrast sample as significantly more beautiful than the majority of participants who considered the visual and tactile qualities as contrast. Although this is a contradictory finding, it seems to be in line with the findings of Ludden [51]. Ludden suggests that due to unfamiliar characteristics of materials we might dislike them; however, when this elicits positive surprise at the same time, we tend to like the material. For example, one of the participants stated about Goodhout that, “I really liked the surprising smoothness and even surface!” and another about Palmleather that, “I liked the unexpected softness”. Since revived materials are new unfamiliar materials to many of us, we could argue that positive surprise could be an appropriate design strategy to adapt in order to make these materials accepted by the end users.



This study has an explorative character to open up new territories for further research. However, it has some shortcomings, other than the reliability of the final set of samples, we would like to emphasise. This study only focuses on the revived materials Goodhout and Ecovative, in order to generalize the results, the findings should be tested on more revived materials. Moreover, the results of the Study 2 could benefit from a more in-depth understanding of the underlying reasons behind the participants’ reactions toward certain material qualities. We would recommend a future qualitative study to delve into such an understanding. Finally, this research focussed on materials, presented to the participants in isolated settings. However, in real life, we experience materials embodied in products, within a specific situational whole [34,37]. In other words, the study results would be different when a material is situated within a context. This should be further explored in a next study.



While the results of the study do not necessarily indicate whether our assumption contrast between the visual and tactile qualities of revived materials favours beauty and willingness to design is true or not, we believe that our approach offers an entry point for other researchers who aim to conduct further explorations into this subject. We suggest that other factors, e.g., familiarity with a material, might also have a great impact on the appraisals of materials as beautiful, which can be another direction for future research.




9. Conclusions


Although the aesthetic appreciation of materials is recognized as an essential way to foster sustainability in societies, few studies have explored the subject matter in a systematic way. This study systematically explored the meaning of beauty at a material level. In a series of four phases, we aimed to understand the aesthetic appreciation of revived materials to create guidelines for their future development and recognition in design. We believe that improved aesthetic qualities of such materials can help valorise these materials within a wider public. Grounding on our first findings, we argue that material appreciation can be influenced by modifying visual and tactile qualities in a congruent (similar) or incongruent (contrasting) way. More specifically, in order to introduce an unfamiliar material to a society, particularly “incongruity” (contrasting visual and tactile qualities) might be a possible design strategy to elicit positive surprise, and ultimately appreciation. However, these assumptions should be analysed in real life settings, with different type of revived materials for more sound and generalizable results. The translations between visual and tactile qualities should be further explored, and more consistent samples should be created in order to establish guidelines for aesthetic pleasure of materials.
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Figure A1. Results of one-way ANOVA for Regularity of texture and Fibreness. 






Figure A1. Results of one-way ANOVA for Regularity of texture and Fibreness.
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Table 1. Aesthetic universals for unity-in-variety [30,31,32,33].







	
Universals that Create Unity

	
Universals that Allow Variety






	
Symmetry

	
Originality




	
Simplicity

Similarity

	
Contrast

Peak-shift principle

Solving puzzles
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