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Abstract: With the development of material synthesis technology, many artificial materials imitating
natural materials have emerged in the construction industry. The processing technology of these
materials’ surface imitating natural texture is becoming more and more realistic. Some materials are
not made of sustainable material but use natural textures to imitate natural materials, attempting to
bring users a sense of being close to nature and ecology to attract consumers to use it. However, the
intention of use still depends on the user’s other factors like health, aesthetics, and environmental
friendliness of the material. Therefore, the challenge for material manufacturers and designers is
to understand people’s perceptions of these materials to increase their acceptance by users. This
paper aims to investigate the user’s perception of materials (sustainable-unsustainable) to evalu-
ate their perception of naturalness, environmental friendliness, and aesthetics through the visual
senses. A total of 112 participants participated in the experiment which was divided into two groups
(professional architects and non-professionals). The judgment of non-professionals on the environ-
mental protection of materials imitating natural skin is relatively accurate, which is almost consistent
with the judgment of professionals. Results show the importance of maintaining the naturalness
of the surface texture in the material, which can enhance the user’s demand for a natural aesthetic
feeling. Therefore, it is important to maintain the naturalness of surface texture in the process of
material surface treatment. Users’ natural perception of materials will affect their aesthetic perception
of materials.

Keywords: building material; aesthetics; eco-friendliness

1. Introduction

With the development of current material technology, more and more materials im-
itating natural textures appear on the market. The technology of simulating the natural
texture of materials on the surface is becoming more and more realistic, making it difficult
for people to distinguish the real material texture, and easy to confuse people’s judgment
of the material’s properties [1,2]. These materials that simulate natural materials (patterns,
textures) on the surface can easily make consumers think that they are environmentally
friendly and healthy materials, but some are not what they look like [3]. They can easily
cheat people’s eyes. It makes it more difficult for non-professionals to make the right judg-
ment. Therefore, this research aims to understand how people perceive the sustainability,
health, and aesthetics of these materials [4].

In architectural design and interior design projects, material selection largely deter-
mines the sustainability of a building. Material selection for a building project is often
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determined by multiple stakeholders, not only relying on professional architects but also
on non-professional clients [5]. Both professional and laypeople’s perception of the mate-
rial becomes key to the decision [6]. Therefore, it becomes important to understand the
difference between professional and non-professional cognition for better promoting the
adoption of healthy and environmentally friendly materials and contributing to sustainable
development [7].

Designers evaluate material products through professional knowledge like raw ma-
terials and processing technology, etc. However, non-professional users often evaluate
materials through visual perception, so they hardly distinguish the true properties of mate-
rials [5]. Therefore, there may be a perception difference between professional architects
and non-professional users in the perceived naturalness, eco-friendliness, and aesthetics of
materials [8–10].

The evaluation of these materials by non-professionals directly affects the acceptance
and intention of material usage. The more aligned non-professionals and professionals are
in their perceptions, the more likely they are to agree on the decisions [10]. In this study, we
investigated the impact of the input of visual sensory information on material perception,
including users’ assessment of materials on perceived naturalness, perceived aesthetics,
and perceived environmental friendliness [11].

Rozin [12] explained how users perceive naturalness. They identify the perceived
naturalness as having two aspects: first is instrumental, relating to health, senses, and
environment; second is emotional, referring to idealization or imaginative representation.
Nature implicitly means better, more moral, more aesthetic, or just more real [12,13].
Therefore, it seems logical to associate the concept of nature with eco-friendliness and
aesthetics. These perception factors can influence customer decisions [14].

Currently, there is much research on perceived nature that has focused on packaging
and food, while little research has focused on the impact on user intentions in the area of
materials. In making the decision on building materials, it is easy to be affected by the
imitated natural texture. We propose to examine the effects of the perception of naturalness
on material aesthetics, environmental friendliness, and sustainability.

2. Literature Review
2.1. Perceived Naturalness

The concept of naturalness is widely used. In this research, we define “natural” as
something “having little or no processing”. This definition was derived from the Oxford
dictionary and adjusted for the purposes of this study based on this concept [15]. People
are very fond of natural things, such as products made of natural materials, natural food,
natural cosmetics, etc. [16,17]. People think that choosing nature means choosing health and
ecology, because natural things are always related to harmlessness, health, environmental
friendliness and beauty [18].

Many people show their preference for natural materials over synthetic replicas [19].
Their preferences for nature have been empirically demonstrated for food and medicine [13]
as well as landscapes [20], and this preference exists across cultures [21]. This preference
for natural things may strongly influence decision-making outcomes in everyday life when
choosing what to eat or what items to use or buy [22].

Perception of the naturalness of a particular substance depends on knowledge of the
history of transformations it has undergone from its original state: contagion, chemical
change, processing and mixing [23,23]. Rozin et al. found that additives with negative or
unnatural characteristics resulted in a substantial decrease in the perception of naturalness,
even when the additive was later removed from the product [12]. It is obvious to notice
that the preference for natural substances is beyond the objective qualities of the substances.
In other words, although the physical properties of the two substances are identical, people
still prefer the one that is subjectively judged to be more natural, based on knowledge of
the processes by which these substances are produced. For example, untouched natural
spring water is preferred over physically identical water [12,13,23].
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Consumer research and consumer reports revealed consumer preference for natural
products [24,25]. Naturalness is expressed by evoking nature and eliciting an emotional
response or through ingredients; natural ingredients help reassure consumers [26]. Objects
that are natural are often automatically perceived as more beautiful, healthier, and more
environmentally friendly [27,28]. The preference for naturalness is found in many domains,
especially food. Most people who like naturalness will continue to like it when it is specified
that natural and artificial samples are chemically identical [13,27].

The environmental and health attributes of natural products have been extensively
studied in food and daily necessities [29–32]. However, studies on the perception of the
naturalness of building materials are scarce. The naturalness of building materials has
been identified as a positive characteristic [32]. Natural elements, as well as their mani-
festations, can generate positive experiences in the built environment [12]. Over the past
decade, a number of empirical studies have found that experiencing nature, both actively
and passively, can reduce stress, increase well-being, and generate positive emotional
experiences [33]. There is growing evidence that material choice can also have a strong in-
fluence on building occupants [34,35]. With a growing interest in green building paradigms,
many users tend to prefer environmentally friendly buildings, and occupants have a higher
awareness of whether or not materials are sustainable [36]. As the requirements for material
selection gradually become higher, the requirements for environmental protection, health,
and aesthetic properties of materials have become important factors affecting material
selection [37,38].

Previous research has shown that consumers generally perceive “naturalness” as a
desirable attribute and show a preference for natural alternatives [39]. We can assume
that the presence of naturalness will have an impact on the perceived quality of the prod-
uct. We thus infer that people use sustainability signals as a proxy for naturalness and
that perceptions of product sustainability will positively affect the perceived naturalness
of products.

2.2. Perceived Sustainability

Natural products are gradually added to artificial materials, resulting in changes in nat-
ural properties [1]. This results in mimicry of sustainable material, which is unsustainable,
to confuse people to have a feeling of sustainability to influence users’ decision-making.
Naik & Moriconi’s research found that the different degrees of processing of building
materials will also affect users’ judgments on the sustainability of materials [40]. The
attribute of sustainability of the material can be judged through reusability, recyclabil-
ity, and biodegradability [41]. For example, Sun et al. studied the waste glass mortar
of concrete. Their research makes it possible to recycle and reuse waste glass in build-
ings to achieve sustainable development. Existing studies have shown that consumers’
perceptions of products are significantly affected by sustainable signals [42]. Consumers
tend to describe sustainable products as more environmentally friendly, ethical, and more
aesthetically pleasing [43]. We, therefore, infer that perceptions of naturalness have an
impact on perceived sustainability.

2.3. Perceived Aesthetics

Aesthetics refers to sensory perception and understanding or perceptual knowl-
edge [44]. The 18th-century philosopher Baumgarten changed its meaning to sense
gratification or sensory pleasure [45,46]. Why beautiful things are considered beautiful re-
mains a mystery [47,48]. Aesthetic judgment, aesthetic attitude, aesthetic understanding,
aesthetic emotion, and aesthetic value can all be used to help explain aesthetic expe-
rience [44]. The aesthetic experience profoundly affects our lives and influences our
decisions about making important behaviors [49]. These experiences include sensory,
captured perception, and cognitive and emotional responses [48,50,51]. Visual aesthetics
influence consumer perception in many ways. Visual aesthetics also have a symbolic
function that influences the way products are understood and evaluated [52]. Aesthetic
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concepts are potentially important for understanding consumer decision-making pro-
cesses [53]. In particular, aesthetic centrality can determine the way product aesthetics
are evaluated and used when making purchasing decisions [54]. Previous studies have
shown that providing aesthetic information plays a key role in consumers’ decision-
making when they are unable to try a product before purchasing it [55]. Amplifying the
height of visual aesthetics can enhance the first impression [55,56] and induce different
emotions. Therefore, it is believed that the product will be more attractive, with higher
quality and performance [57,58], demonstrating the relationship between aesthetics and
product value. Rokka and Uusitalo found that objects that are more respectful of the
environment have a positive impact on consumer attitudes or preferences. In the context
of architecture, the same is true [59]. Thus, we infer that aesthetics will be impacted by
perceived naturalness and perceived sustainability.

2.4. Perceived Environmental Friendliness

The evaluation of architectural naturalness will be affected by the environmental
protection of the building skin [60]. The use of natural materials in interior decoration
can change the quality of the indoor environment and affect the overall quality of the
environment. User impacts include both psychological and physical responses [61]. In
particular, the natural perception of interior decoration will affect people’s living quality,
health, environmental friendliness, and happiness [62].

Binninger’s research shows that factors related to environmental friendliness can
affect consumers’ attitudes and behaviors [27]. Rokka and Uusitalo found that objects
that are more respectful of the environment have a positive impact on consumer attitudes
or preferences [59]. In the context of architecture, the situation is similar, and the
evaluation of the naturalness of the building will be affected by the ecological degree
of the building skin [60]. The use of natural materials in interior decoration can change
the quality of the indoor environment; it will have an impact on users, including both
psychological and physical responses [61]. In particular, the natural perception of
interior decoration affects people’s perceptions of living quality, health, sustainability,
and well-being [62].

Users often use multiple senses to judge the properties of materials through vision,
audition and touch [63,64]. Furthermore, users will relate the naturalness of the material to
personal experience. For example, wood and wood products are associated with wood from
forests where they have been or have fond memories of. Wood is more easily understood
as a material related to natural, sustainable, and environmentally friendly materials [65].
The perception of wood may even carry over to the perception of environmentally friendly
particle board. An interview study with users also showed that the user’s perception of the
environmental friendliness of a product is closely related to the ability of the material itself
to degrade and return to nature [33]. Most natural materials will be in their raw natural
state, with visible grain patterns. For processed products based on natural materials, such
as engineered wood products, those without texture (e.g., Medium-density fibreboard) are
often considered to no longer feel natural and environmentally friendly due to the degree of
deformation and lack of apparent texture [66]. Therefore, we infer that the perception of the
naturalness of the material will affect the judgment of the real environmental friendliness
attribute of the material. Figure 1 is the research flowchart of this study.

Based on the theories mentioned above, we have the following hypotheses:

H1. Building material with a sustainable look could enjoy a high level of perceived aesthetics.

H2. Building material with an eco-friendly look could enjoy a high level of perceived aesthetics.

H3. Building material with a sustainable look could enjoy a high level of perceived eco-friendliness.

H4. Building material with an eco-friendly look could enjoy a high level of perceived eco-friendliness.
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3. Methodology

In this study, the questionnaire research method was adopted to test participants
using a five-level scale. This questionnaire is set to compare two groups (professional
and non-professional) to determine whether professional knowledge influences users’
factors on the naturalness of building materials. The participants were asked to give
scores on perceived naturalness, perceived beauty, and perceived environmental protection.
Two groups (construction professionals, and non-professionals) were invited to rate the
pictures of eight categories representing natural and four non-natural kinds of materials for
aesthetic perception and environmental protection perception. Picture samples of building
materials were visually presented to subjects to measure perceptions of building materials
in both professional and non-professional backgrounds. Eight samples were evaluated to
reflect the different natural properties of materials such as wood, stone, brick, biological
materials, particle boards, medium-density fiberboard, etc. (Table 1). The scale items
related to the naturalness, aesthetics, and sustainability of materials in the questionnaire
were derived from the measurement methods used in the literature by Overlivet and Soto-
Faraco [31]. In addition, the last section is set to ask for demographic information. A total
of 120 questionnaires were sent to participants for completion. Responses were received
and eight incomplete responses were excluded. After removing these, 112 valid responses
were received for around a 93 % response rate.

Table 1. Demographic information of the sample in this study.

Index Frequency Percentage Index Frequency Percentage

Age Educational Level
–20 22 19.6% High school graduate or lower 3 2.7%
21–25 57 50.9% Bachelor 75 67.0%
26–30 10 8.90% Master 31 27.7%
31+ 23 20.6% Doctor 3 2.7%
Gender Eco-education Background
Male 64 57.1% Eco-related major 58 21.5%
Female 48 42.9% Non-eco-related major 11 4.1%
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3.1. Materials and Methods
3.1.1. Stimuli

In this study, common building materials were screened and classified into four
categories with two dimensions (naturalness/sustainability). Specifically, these four groups
are: naturalness while sustainable, non-naturalness while sustainable, naturalness while
unsustainable, and non-naturalness while unsustainable (Figure 2).

Buildings 2023, 13, x FOR PEER REVIEW 6 of 13 
 

Table 1. Demographic information of the sample in this study. 

Index Frequency Percentage Index Frequency Percentage 
Age   Educational Level   

–20 22 19.6% High school graduate or lower 3 2.7% 
21–25 57 50.9% Bachelor 75 67.0% 
26–30 10 8.90% Master 31 27.7% 
31+ 23 20.6% Doctor 3 2.7% 
Gender   Eco-education Background   
Male 64 57.1% Eco-related major 58 21.5% 
Female 48 42.9% Non-eco-related major 11 4.1% 

3.1. Materials and Methods 
3.1.1. Stimuli 

In this study, common building materials were screened and classified into four cat-
egories with two dimensions (naturalness/sustainability). Specifically, these four groups 
are: naturalness while sustainable, non-naturalness while sustainable, naturalness while 
unsustainable, and non-naturalness while unsustainable (Figure 2). 

 
Figure 2. Experimental Stimuli with two dimensions. 

3.1.2. Experiment Design and Participants 
An experiment was designed with the material and its sustainability as within-sub-

ject variables. Based on power analysis and sample calculation, a total of 112 participants 
with different backgrounds has shown sufficient power for statistical analysis (Song and 
Luximon, 2021), and thus they were enrolled to participate in this research via advertise-
ment [67,68]. Specifically, the average age of this sample was 25.64 years (SD = 8.698). 
Table 1 presents detailed demographic information. 

3.1.3. Measurements 
Regarding the measurement items on perceived aesthetics and perceived eco-friend-

liness [27], participants were asked about the extent to which they agreed with five items 

Figure 2. Experimental Stimuli with two dimensions.

3.1.2. Experiment Design and Participants

An experiment was designed with the material and its sustainability as within-subject
variables. Based on power analysis and sample calculation, a total of 112 participants
with different backgrounds has shown sufficient power for statistical analysis (Song and
Luximon, 2021), and thus they were enrolled to participate in this research via advertise-
ment [67,68]. Specifically, the average age of this sample was 25.64 years (SD = 8.698).
Table 1 presents detailed demographic information.

3.1.3. Measurements

Regarding the measurement items on perceived aesthetics and perceived eco-
friendliness [27], participants were asked about the extent to which they agreed with five
items on a five-point Likert scale: I think this material is an eco-friendly product; This
product is one of those that really respect the environment; You can immediately see that
this product is ecological; This material seems to be a nice solution to environmental
issues; This product does not contain artificial elements.

3.1.4. Experimental Procedure

After consenting to participate, 112 individuals were recruited and briefly introduced
to the current study. Then, they were asked to provide demographic information and
assigned to all four scenarios with different materials in random order. For each stimulus,
participants were asked to pay attention to the image of the building material and then
complete the questionnaire. After finishing the questionnaire, they were told they had
finished the experiment.



Buildings 2023, 13, 483 7 of 12

4. Results

To examine the hypotheses regarding the effect of naturalness and sustainability on
perceived aesthetics and perceived eco-friendliness, SPSS was used to perform descriptive
analysis and repeated measures of analysis of variance (ANOVA).

4.1. Descriptive Analysis

To examine the normality of univariate data, we performed the kurtosis and skewness
test on five items. Results suggested the kurtosis and skewness of each item were within
the threshold, suggesting a general normal distribution [69]. Additionally, QQ-plot showed
the data was normally distributed. Accordingly, we conducted a descriptive analysis of
different factors in the study (see Table 2).

Table 2. Summary of descriptive analysis of different factors.

Factors Levels Mean SD

Perceived Aesthesis

Naturalness
Sustainable 3.60 0.93

Unsustainable 3.67 0.74

Non-naturalness
Sustainable 3.04 0.84

Unsustainable 3.17 1.01

Perceived
Eco-friendliness

Naturalness
Sustainable 3.93 0.76

Unsustainable 3.51 0.80

Non-naturalness
Sustainable 3.31 0.76

Unsustainable 2.84 0.90

4.2. Impact on Perceived Aesthetics

A two-way repeated analysis of covariance (ANCOVA; within-subjects variable: natu-
ralness and sustainability; covariate variable: eco-education background) was then con-
ducted. Table 3 presents the summarized ANCOVA results. We mainly focused on the
main effects of naturalness and sustainability since they were theoretically relevant to the
research questions at hand.

Table 3. Summary of the main effects and interactions of perceived aesthetics.

Factors df F-Statistic p-Value Effect Size

Naturalness (NL) 1 58.09 p < 0.01 0.35
Sustainability (SU) 1 2.86 p = 0.09 0.03
Background (BA) 1 1.05 p = 0.31 0.01

NL * BA 1 0.02 p = 0.88 0.00
SU * BA 1 6.91 p < 0.01 0.06
NL * SU 1 0.03 p = 0.86 0.00

Note: * refers to the interaction between different factors.

As for the main effect of naturalness, we found a significant impact of naturalness
(F(1, 110) = 58.09, p < 0.01, η2 = 0.35) and the marginal effect of sustainability (F(1, 110) = 2.86,
p = 0.09, η2 = 0.03), whereas the covariate, background, was nonsignificant (F(1, 110) = 1.05,
p = 0.31, η2 = 0.01). Specifically, (1) building materials with naturalness enjoyed a higher
level of perceived aesthetics (Figure 3); (2) similarly, sustainable building material seems to
increase perceived aesthetics; (3) however, the eco-education background did not have a
significant effect on perceived aesthetics.

Regarding the interaction effect, the significant interaction of sustainability with
background (F(1, 110) = 6.91, p < 0.01, η2 = 0.06) demonstrated that although people with
different educational background seem to have similar perceptions of aesthetics when
encountering unsustainable building materials, their eco-education could help them have
an increased level of perceived aesthetics when facing sustainable building materials.
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4.3. Impact on Perceived Eco-Friendliness

As depicted in Table 4, the ANCOVA results revealed strong main effects for natural-
ness (F(1, 110) = 120.39, p < 0.01, η2 = 0.52), and sustainability (F(1, 110) = 52.69, p < 0.01,
η2 = 0.31) while the effect of background and all interactions are not significant. It showed
that building materials with naturalness tend to have a higher level of perceived eco-
friendliness, while sustainable building materials could also be regarded as eco-friendly
(See Figure 4).

Table 4. Summary of the main effects and interactions of eco-friendliness.

Factors df F-Statistic p-Value Effect Size

Naturalness (NL) 1 120.39 p < 0.01 0.52
Sustainability (SU) 1 52.69 p < 0.01 0.32
Background (BA) 1 0.01 p = 0.97 0.00

NL * BA 1 0.01 p = 0.93 0.00
SU * BA 1 0.21 p = 0.65 0.01
NL * SU 1 0.48 p = 0.65 0.01

Note: * refers to the interaction between different factors.
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5. Discussion

In this research, we tried to expose the perception of environmental friendliness and
aesthetics from vision evaluation. The surface of the material can affect the judgment of
material properties. According to Jonsson et al., the influence of material shape, texture,
and integrity affects the judgment of material properties. These impressions can affect
whether perception is natural or synthetic [1]. The closer to the original state, the more the
origin of the material can be seen, and the easier it is to judge it as environmentally friendly
and natural. The higher the degree of deformation, the easier it is to judge that it is not
environmentally friendly. In addition, morphological integrity affects the extent to which
visual features affect judgments of environmental attributes [60].

Results showed that sustainable and natural looking building materials could enjoy a
high level of perceived aesthetics. It is consistent with previous literature which demon-
strates that objects that are more respectful of the environment have a positive impact
on consumer attitudes or preferences [59]. Thus, people might consider sustainable and
natural looking building materials as more aesthetic.

In addition, results also indicated that sustainable and natural looking building ma-
terial could enjoy a high level of perceived eco-friendliness. It is also in alignment with
previous literature that the building skin might influence environmental consideration and
architectural naturalness [60]. To specify, the natural perception of interior decoration will
affect people’s living quality, health and environmental friendliness, and happiness [62].
Thus, individuals might regard sustainable and natural looking building materials as more
eco-friendly.

The current study also has practical implications. Although “aesthetics”, and “en-
vironmental friendliness” have a very important impact on consumers’ purchases, they
do not necessarily have a relationship between purchases and consumption behavior [70].
Therefore, when consumers choose materials, they are also influenced by factors such as
material aesthetics, craftsmanship, and price [71]. Thus, these factors may interfere with
their chosen goals of maintaining health and promoting a clean environment. Therefore,
the current research also helps us understand how consumers perceive materials, and how
to use our findings to help people make healthy and environmentally friendly choices in
building materials.

6. Conclusions

There are many materials that mimic natural textures which are being introduced to
the market as a result of advances in contemporary material technology. It is becoming
practically impossible for people to tell the difference between real material texture and the
technology used to simulate it on a surface; it is simple to confuse people’s perceptions of the
material’s inherent qualities. The acceptability and intention of material usage are directly
affected by how these materials are assessed by non-professionals. Non-professionals and
professionals are more likely to reach a consensus on decisions when their perspectives
are more in line. In this study, we investigated how consumers’ perceptions of materials’
perceived naturalness, aesthetic, and environmental friendliness were affected by the intake
of visual sensory information. There is much investigation on naturalness perception that
has concentrated on food and packaging, but little research has emphasized how these
factors affect user intentions in the field of building materials. Therefore, we conducted an
empirical experiment to understand how material aesthetics, environmental friendliness,
and sustainability are impacted by the idea of naturalness.

In this study, users’ perceptions of the naturalness of building materials were investi-
gated. A questionnaire was completed by two cohorts, one with a professional architect
background and one with a non-professional background, to collect users’ perceptions of
the environmental friendliness and aesthetics of eight building materials with a five Likert
scale rating. The eight types of building materials include solid wood, brick, particle board,
medium-density fiberboard, stone, etc. The results showed that solid wood, stone, and
brick are clearly considered more natural and more environmentally friendly than syn-



Buildings 2023, 13, 483 10 of 12

thesized material products. Similarly, processed wood-based composites were perceived
to feel less eco-friendly than less processed materials. In addition, the study found that
there were subtle differences in the perception of eco-friendliness of materials between the
two cohorts.

The perception of the naturalness of the material may be influenced by the properties
of the material ingredients itself. In the future, a better understanding of the psycholog-
ical processes to perceive naturalness could become a basis for industries that produce
or reproduce natural materials. In addition, this knowledge will also help create more
desirable and environmentally friendly alternatives to rare, expensive, or hard-to-obtain
natural materials such as animal fur and tropical wood, for archiving the preference for
naturalness and aesthetics.
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