<@ sustainability

Article

Exploring the Consumer Acceptance of Circular Housing from
the Perspective of SOR Theory

Chun-Chih Chen !, Chi-Hui Lai 2*, Nai-Ren Guo ? and Shu-Ming Wu 2

check for
updates

Citation: Chen, C.-C.; Lai, C.-H.; Guo,
N.-R.; Wu, S.-M. Exploring the
Consumer Acceptance of Circular
Housing from the Perspective of SOR
Theory. Sustainability 2024, 16, 3268.
https:/ /doi.org/10.3390/s5u16083268

Academic Editor: Ljubomir Jankovic

Received: 7 January 2024
Revised: 1 March 2024
Accepted: 5 March 2024
Published: 14 April 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1
2

Department of Industrial Design, National Kaohsiung Normal University, Kaohsiung 82446, Taiwan
Institute of Cultural and Creative Design, Tung Fang Design University, Kaohsiung 82941, Taiwan
*  Correspondence: chihuilai0@gmail.com; Tel.: +886-955-022-303

Abstract: The reconstruction of residences has led to an increase in the use of single-use materials in
the construction industry. In the context of the circular economy, with the implementation of circular
housing from a cradle-to-cradle perspective, the field of housing construction is changing rapidly.
Innovation and sharing improve the consumer experience and increase consumers’ purchase intention.
This research integrates design attributes, sharing attributes, perceived value, and affective value to
study the impact of circular housing on acceptance and identification. The framework of SOR theory
framework is used to analyze the predictive factors of consumer intention. The results emphasize
that emotional responses in terms of affective value, perceived value, and social equity are the most
prominent. This research also utilizes the KJ method. The research methods include a literature
review, field observations, expert interviews, questionnaire surveys, and triangulation validation.
Moreover, this research uses PLS-SEM to analyze the data of 568 participants. The structural analysis
shows that consumers’ acceptance and identification of circular housing are strongly influenced by
social equity. A total of 16 out of 17 hypotheses are established, with eight partial mediating effects,
including the mediating role of social equity. Perceived value is found to affect consumers’ cognition
and attitudes Perceived value and design attributes, as well as these factors combined, influence
consumer acceptance and identification. This research provides strategies to enhance the design
of circular housing and promote its development. This research explores the relationship between
consumers’ acceptance and identification of circular design and the development of circular housing.
It first establishes a structural model based on the SOR theory. Adding the mental map of interview
results to the model, the results of this research analyzes the design attribute value, and the SEM-PLS
analysis influences highlights the identification and acceptance of circular housing.

Keywords: circular economy; circular housing; design attributes; perceived needs; stimulus-organism-
response theory

1. Introduction

Circular housing has previously been based on an economic model that allows for
zero waste and recycling [1,2]. In the circular economy and circular housing, there has
been an increasing focus on the comfort and well-being of residents, aiming to create a
healthy and safe living environment. Building energy use contributes to greenhouse gas
emissions [2], accounting for approximately 40% of the global energy consumption [3,4].
This has led to the development of circular housing as part of the transition towards
a circular economy [5,6]. In the 21st century, environmental issues have caused severe
damage, making sustainability the most important issue at present. Design attributes and
perceived needs have gradually undergone reshaping [7].

Various external factors, such as population growth, industrialization, development,
and the excessive exploitation of natural resources, have played a crucial role in envi-
ronmental degradation. Community-oriented circular housing presented unprecedented
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challenges during the COVID-19 pandemic. The promotion of personalized housing en-
vironments that cater to individual needs and incorporate smart management systems
could break through several spatial and temporal limitations. With lifestyles and working
patterns shifting predominantly to the home environment, the benefits of safe and healthy
circular housing have attracted the attention of consumers [8,9].

Rethinking architecture from the perspective of circular design allows for carbon-
footprint-based manufacturing standards for circular housing, creating a built environment
that meets the requirements of a circular society [10]. It emulates the biological cycle by
implementing the concept of zero waste through design and utilizing 100% recyclable
building materials to achieve sustainable development in the built environment [11]. By
adopting a cradle-to-cradle design approach, sustainable development could be achieved,
considering the principles of material selection, recycling, energy efficiency, and other
environmental concerns [11]. Old buildings could be transformed into new spaces through
innovative economic models, employing disassembly, transformation, and reassembly;,
aligning with the cradle-to-cradle concept [12].

The transition towards community-oriented circular housing is of great significance
regarding sustainable development within the construction industry. This transformation
has had a profound impact on consumer behavior and business models, leading to the
expansion of the economic aspects of the residential consumer market, such as the growing
market scale of energy-efficient products [13]. Circular housing practices aim at reducing
environmental impacts and improving quality [14]. Despite the higher construction costs
and relatively higher occupancy costs associated with circular housing, the decision-making
processes of consumers are positively influenced by building material classification and
recycling rates.

This has undoubtedly created added value for the development of the circular hous-
ing industry [4,10]. The transformation and development of circular housing presents
opportunities for the future, and consumers have high expectations for this market [9]. The
understanding of consumers’ behavioral intentions towards circular housing has become
a crucial area of research in both academia and the industry [12]. Gaining insights into
consumers’ needs and preferences towards community-oriented circular housing, and
determining how to enhance consumers’ behavioral intentions and positive attitudes to-
wards consumption, have emerged as essential paths by which to profit in the competitive,
expanding environment of circular housing [13,14]. In the field of consumer behavior re-
search, consumer perception, as an internal cognitive state, has a positive effect on purchase
intention [15].

The primary objective of this research study is to delve into the intricate relationships
between design attributes, community-oriented attributes, and consumers’ attitudes to-
wards circular housing. This research seeks to comprehend the impacts of consumers’
perceptions of value consciousness and social equity. It also aims to identify critical factors
that should be considered in circular design, providing valuable insights for the promotion
of circular housing practices [16,17]. The methodology includes a comprehensive question-
naire survey to investigate the correlation between consumer demands and the design of
circular housing. Scholars have applied SOR to consumers’ purchase intentions, confirming
the relationships involved and the significant influences of attitudes and repurchasing
intention [18-23]. However, prior research has not explored the relationship between the
design characteristics of circular housing design and consumers” attitudes.

This research embodies the integration of the principles of the circular economy into
architectural practices, emphasizing a shared responsibility to protect our environment.
It explores the potential of merging strategies from green and smart buildings and tran-
sitioning business operations from ownership to usage rights (leasing strategies) to spur
innovation and transformation in the housing market [24]. The intended outcome is to
position circular housing as a viable and effective sustainable solution, with the aim of
minimizing the environmental impact of the construction industry [25]. The majority of
the current literature is focused on the perspective of design, with less exploration from
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the consumer’s viewpoint, particularly in terms of health and comfort considerations
for circular housing. This research aimed to understand the relationship between design
guidelines, consumers’ perceived value, emotional needs, and acceptance more clearly. It
sought seeks to bridge the cognitive gap between users and designers.

2. Materials and Methods
2.1. Circular Economy and Circular Housing

As the global issue of climate change has become increasingly prominent, environmen-
tal protection and sustainable development have become the focus of attention in various
sectors of society [25]. Green consumption is a new type of consumption behavior and pro-
cess characterized by moderate consumption, avoiding or reducing environmental damage
and advocating for nature and ecological protection [16,17]. Previous research on circular
housing provides a limited discussion of the variables that influence consumer decision
making, specifically focusing on consumer needs and a sharing-oriented approach [26,27].

The circular economy, the core of which is the sharing economy, impacts consumer
satisfaction and repeat consumption behavior based on subjective consumer perceptions.
By providing energy-efficient and environmentally friendly living environments, circular
housing could help to reduce energy usage, minimize environmental pollution, and im-
prove local living conditions and well-being. To achieve sustainable development, it is
necessary to transform the current society into a circular society that effectively utilizes
resources. A circular society aims to reduce waste and disposal, increase the use of renew-
able energy [13,28], reduce the consumption of natural resources, and minimize the impact
on the environment at every stage.

Consumers also have a social responsibility to join the circular economy and practice
green procurement [29]. The transformation economy is the fifth stage of the economy,
focusing on service customization and personalization in products and services [23], with a
sharing-oriented service value within the circular economy. It emphasizes the importance
of consumer experiences and satisfaction [18] with products or sharing-oriented services
for marketing. Consumers’ concern for environmental protection is increasing. Circular
housing, based on the principle of a circular economy, is expected to become a future
trend [30,31]. The integration of the circular economy and circular housing development in
the construction industry warrants an exploration of consumers’ attitudes and consumption
intentions towards circular housing, particularly its design and planning [32].

The Taiwanese government has emphasized the importance of circular housing in the
circular economy and promoted interdepartmental cooperation since the establishment of
the Circular Economy Implementation Roadmap in 2018. The Tai Sugar circular village
serves as a practical example of circular housing aimed at reducing environmental im-
pacts [33]. Despite the higher construction costs of circular housing, based on the notions
of circular design and shared design, consumers maintain a positive attitude towards and
acceptance of circular housing [34,35].

2.2. SOR Theory
2.2.1. Stimulus

When consumers have a positive impression of a product, they are more likely to
continue using or purchasing it [18,19]. To identify the appropriate evaluation criteria in the
minds of consumers, it is important to understand consumer demands and acceptance [36].
Stimuli (S) can influence individual behavioral responses (R) through an individual’s inter-
nal cognitive state (O) and affect their purchase intention from the perspective of consumer
perception. Consumer intention is also influenced by external variables, which include
individuals’ thoughts and evaluations of specific behaviors; on the other hand, attitudes to-
wards use can also influence behavioral intention [37]. This research examines the practice
of circular housing from a cradle-to-cradle perspective. It explores the interrelationships
among consumer demand factors, focusing on stimulus factors such as design attributes
and sharing-oriented attributes.
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2.2.2. Organism

The framework of environmental psychology serves as an intermediate state between
affect and cognition, influenced by external environmental stimuli. It involves the gener-
ation of emotional responses, including avoidance, pleasure, dominance, judgment, and
cognition, which influence consumers’ decision making or actions [19,36]. When consumers
are immediately attracted to a product, they disregard other information, thus increasing
its perceived value [20,21,37,38]. Based on the principles of the circular economy, circular
housing has been adopted, along with innovative leasing business models, to plan sus-
tainable and regenerative buildings and living environments. Consumer perceptions and
environmental awareness could affect consumers’ identification and acceptance of circular
housing. Circular housing is aligned with the planning of the circular economy in this
research. It explores the interrelationships among consumer demand factors, with a focus
on organism factors including affective value, perceived value, and social equity.

2.2.3. Response

Liu [39] applied environmental attitude theory to examine the impact of individual
attitudes and social trust on consumers’ behavioral intentions and found that consumers’
attitudes were important predictors of their intentions. As the consumer repurchasing
power increased, their demand for housing space also grew [23]. Alongside hardware facil-
ities, there has been a growing emphasis on service design. The satisfaction of intangible
value or imagery has an impact on consumer perception. Factors such as the situation and
environment also influence consumer intention [22,24]. This research explores the interrela-
tionships among consumer demand factors, including identification and acceptance. The
following hypotheses are proposed.

2.3. Hypotheses Development
2.3.1. Design Attributes

Circular housing has the potential to promote social interaction and community co-
hesion through the design of appealing shared public spaces and community facilities. It
helps to foster a sense of community and relationships among community members, ulti-
mately enhancing their quality of life. Circular housing is not solely focused on addressing
energy and environmental concerns; it also plays a significant role in creating a healthy
and welcoming community environment. This allows individuals to achieve social equity
while living within their budgets [39].

The ReSOLVE theory has been applied in the built environment [5,7,24]. Circular
design attributes emphasize the functional design of housing as stimuli, enhancing con-
sumers’ emotions and perceptions. The design follows the principles of biomimicry and
the circular process, aiming to transform waste into reusable products or facilitate its return
to natural systems [11].

An environmentally friendly type of housing focuses on resource conservation and
reuse in its design and construction process. It also aims to minimize its environmental
impact during use; for this reason, it has gained attention and favor from many people.
The rethinking and design of building materials, the promotion of the application of green
and smart building concepts, and their practice in the construction industry are essential.
In addition to technological innovation, it is necessary to incorporate the commercial
innovation service model that replaces ownership with the right to use; this could drive
the transformation of housing. Through innovative transformation in circular housing, the
environmental impact of the construction process and building waste could be reduced [40].

The functional or design attributes provided can influence consumers” behavioral
intentions. Based on the research objective and research method, the following hypotheses
are developed.

H1a. Design attributes positively influence the economy via affective value.
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H1b. Design attributes positively influence innovation via affective value.
H1lc. Design attributes positively influence naturalness via affective value.
H1d. Design attributes positively influence safety via affective value.

Hle. Design attributes positively influence social equity.

2.3.2. Shared Attributes

The ReSOLVE theory has been applied in the built environment [5,8]. It links shared
attributes in the business model, incorporating virtual services as substitutes for physical
services and promoting the intelligent management of diverse leasing services [27]. Sharing-
oriented design, an integral aspect of the circular economy, has rapidly and extensively
transformed human society; it presents numerous opportunities and challenges with regard
to a circular economy. Shared attributes influence consumers’ perceptions, including their
attitudes and satisfaction [24,39].

In this research, the situational stimuli of circular housing’s shared attributes are
considered to enhance consumers’ emotions and perceptions. Their impacts influence the
formation of perceived value and social equity. Based on the research objective and research
method, the following hypotheses are developed.

H2a. Shared attributes positively influence the economy via affective value.
H2b. Shared attributes positively influence innovation via affective value.
H2c. Shared attributes positively influence perceived value.

H2d. Shared attributes positively influence social equity.

2.3.3. Affective Value

Affective cognition is closely related to an individual’s cultural background and
lifestyle and is involved in a psychological process [20]. The perception of value and
sensory appeal play a key role in the cognitive process, providing an intuitive sensation.
Immediate attractiveness can draw consumers” attention [21]. Intentions include subjec-
tive behavioral intentions, the understanding and cognition of objects, and the generated
emotions and feelings. This could extend to satisfying experiences, subjective inner feel-
ings, positive evaluations, and resulting behaviors, such as recommendation intentions.
Physiological needs can thus be satisfied, and the pursuit of self-actualization emerges.
The trend of affective consumption has emerged, and consumer behavior has changed.
Beyond their basic needs, consumers have begun to pursue satisfaction in terms of personal
consciousness and identity.

The external stimuli of shared attributes in terms of consumers’ emotional and cogni-
tive expectations for circular housing create affective value, which is of great importance
among consumers. It contributes to the formation of behavioral intention and satisfac-
tion [41]. Customer satisfaction significantly impacts purchasing behavior and repurchase
intention. The value of a product and its consumption process directly affects consumers’
perceptions [22].

In this research, the operational measurement divides willingness into identification
support and acceptance willingness. Based on the research objective and research method,
the following hypotheses are developed.

H3a. The economy, via affective value, positively influences identification.

H3b. Innovation, via affective value, positively influences acceptance.
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H3c. Naturalness, via affective value, positively influences acceptance.

H3d. Safety, via affective value, positively influences acceptance.

2.3.4. Perceived Value

With the promotion of the green building movement, people are increasingly recog-
nizing the importance of psychological factors. According to flow experience theory, when
consumers are immediately attracted to products, they ignore other information, thereby
increasing their perceived value. Perceived value is defined as consumers’ perception of
the degree of pleasure and enjoyment obtained during an interaction. Perceived value is
one of the factors influencing individual behavior and it has been explained that consumers’
perception of technology plays a key role [23,41].

Perceived value is the desire of consumers to satisfy their curiosity, and it helps to
maintain their interest in circular housing. This is especially true for young people, as
perceived value is more likely to form habits. Perceived value appeals to the five senses,
and the reactions that occur after perceptual processing, such as novelty, curiosity, and
interest, influence consumers’ behavioral intentions and satisfaction [42]

In this research, satisfaction refers to acceptance and identification with the behavioral
orientation of circular housing. Consumers attach great importance to the perceived value
of circular housing, which contributes to the formation of consumer willingness. Based on
the research objective and research method, the following hypotheses are developed.

H4a. Perceived value positively influences acceptance.

H4b. Perceived value positively influences identification.

2.3.5. Social Equity

Circular economic policies and practices do not fully address the ecological impact
of circular transformation in society [39,43]. Circular housing serves as an architectural
approach to reducing environmental impacts and improving quality of life, as well as
having strong social aspects. It aims to achieve sustainable development by considering
not only the current needs but also the future needs. By providing energy-efficient and
environmentally friendly living environments, circular housing helps to reduce energy
consumption, decrease environmental pollution, and enhance the local living environments
and health of residents.

The European Union’s circular economy policies lack clear indicators, measures,
mandatory goals, or supporting policies and regulations for social and cultural aspects [44].
Circular housing could also promote social interaction and community cohesion by pro-
viding attractive shared public spaces and community facilities. This not only establishes
a context and relationships within communities but also enhances the quality of life of
community members. Circular housing moves beyond solving energy and environmental
problems; it also helps to create healthy and friendly community environments, while
allowing consumers to live within their budgets and achieve social equity. Through the
use of renewable energy and energy-efficient technologies, circular housing significantly
reduces energy consumption [45], lowers costs, and minimizes environmental impacts.

When consumers are subjected to the influence of others, this may affect their atti-
tudes towards products. This is often used to explore the factors that influence consumer
satisfaction responses. Circular housing creates a healthier, environmentally friendly, and
user-friendly living environment, thereby improving people’s quality of life and achieving
social sustainability [46]. It enhances consumers” behavioral intentions, which is a criti-
cal factor influencing satisfaction. Consumers highly value the social equity of circular
housing. Based on the research objective and research method, the following hypotheses
are developed.
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H5a. Social equity positively influences acceptance.

H5b. Social equity positively influences identification.

The current study is based on the application of the Stimulus—Organism—Response
(SOR) theory, which forms the foundation of the research model. This research conducted
provides a comprehensive examination of the antecedents of perceived value within the
scope of circular residential housing design. The impact of design and shared attributes
on perceived value is assessed, and a model, specifically tailored to circular residential
housing design, is proposed. Within this model, this research posited affective value,
perceived value, and social equity are included as intermediary variables. Our research
aimed to confirm their crucial role in influencing consumers’ decision-making processes,
thereby bridging the existing gaps in the scholarly literature. By leveraging the SOR model,
this research delved into explores the multifaceted demand for circular housing and the
influences exerted by affective value, perceived value, and social equity on the acceptance
of such residences housing. This research undertook also presents a comprehensive review
of both the literature and empirical research related to circular residential housing design,
aspiring aiming to provide valuable implications directions for future investigations and
foster the sustainable expansion of the circular economy:.

3. Research Methodology
3.1. Data Collection

This research focused on consumers’ perceptions of circular housing design attributes,
value, and cognition. It aimed to consider design in alignment with consumers’ needs,
including their emotional needs, and serve as a reference for circular housing design.
The design is practical and considers consumer acceptance to avoid waste. The research
process was divided into two stages. The first stage included (1) expert interviews; (2) the
collection of the relevant literature; (2) a questionnaire survey; (3) data analysis; (4) quality
requirement planning; (5) the formulation of design factors; and (6) mental mapping. The
second stage comprised a questionnaire survey, including (1) basic data; (2) the content of
the questionnaire; and (3) the results. The flowchart of this research is shown in Figure 1.

The literature background considered for the research model was insufficient and
lacked rigorous support from academic theory. The research questions were posited
with the consumers as the research subjects. The study included a correlation analysis
considering consumers’ acceptance of circular housing, analyzing the data and factor
associations. Affective value, perceived value, and social equity and their effects on
acceptance and identification were examined to determine their interrelationships. Through
a literature review and empirical research study of circular housing, this research aimed to
contribute to subsequent related research and improve the design quality and sustainable
development of circular housing. The research framework is shown in Figure 2.

Based on the literature review, this research use incorporated expert focus discussions
and the content was organized into a questionnaire using the KJ method [47]. Five ex-
perts were invited to participate in a semi-structured qualitative interviews and statistical
analysis. The research methods included a literature review, on-site observations, expert
interviews, questionnaire surveys, and triangulation verification. Experts in architecture
and design were invited for this research. These included professionals with a minimum
of five years of practical design experience: an applied designer, an interior designer, an
architectural designer, a construction project manager, and one individual with residential
experience who was willing to participate. The respondents who had lived in these homes
and were willing to participate in the interviews provided the most direct feedback on
the functional use of shared services, the construction quality, and the appearance, color,
texture, and other factors and experiences associated with circular housing. This allowed
for the satisfactory fulfillment of residential needs and values. The test images used for the
circular housing research process and its steps are shown in Figure 3.
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Figure 3. Sample images of circular housing. (top left) Sample image 1: Certification of circular
housing. (bottom left) Sample image 2: Ambience of circular housing and utilization of recycled
materials in circular housing. (top right) Sample image 3: Visual scenarios. (bottom right) Sample
image 4: Actual scenarios.

The KJ method was employed to organize the large amount of unstructured informa-
tion about the attributes into meaningful groups or categories, helping to streamline the
process and understand the essence of the research problem, providing relevant viewpoints,
facts, or concepts [47]. This research developed hypotheses and validated the effects of
the design attributes and shared attributes on consumers” attitudes, perceived value, and
social equity towards circular housing, as well as their correlations with the promotion
of circular housing. The mental maps and feedback obtained from the interviewees are
shown in Figure 4.

The survey asked about attitudes and intentions, the evaluation of design attributes,
lifestyles, and expectations of the architectural space.

This research focused on circular housing, a high-value form of consumption, based
on market segmentation concepts. The survey targeted Taiwanese internet users, aged 20
and above, who had economic discretionary power. The research subjects were selected
from suitable, anonymous internet users who were willing to participate in the survey.
To avoid duplicate responses, the Google Forms platform was used for e-mail account
verification. The snowball sampling method was employed to increase the sample size. A
total of 55 items were assessed, including sustainable attitudes towards circular housing
design, related quality of living, the importance of shared design attribute requirements,
emotional experience evaluations, and the degree of design acceptance. A Likert scale was
used, with 1 indicating ‘strongly disagree’ and 5 ‘completely agree’. The survey data were
collected and stored in a database to avoid missing values and invalid questionnaires.
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Figure 4. Mental maps and feedback from interviewees.

The survey responses were disseminated via the internet to achieve the effect of
questionnaire publicity. Pre-testing and questionnaire modification were carried out to
achieve complete responses. Demographic data were filled included in the first part,
including gender, marital status, education, place of residence, and discretionary income.

The PLS-SEM bootstrap method, which focuses on prediction, requires a smaller
sample size and has a non-normal distribution and formative measurement, ensures d
convergence, and has lower requirements for the residual distribution. This research aimed
to effectively reduce the bias, increase the credibility, and increase the questionnaire sample
size. It reached more than 10 times the total number of questions proposed.

At the beginning of the survey, demographic questions were asked. The second
section focused on participants’ sustainable attitudes towards circular housing design and
comprised 10 questions This section aimed to assess participants” attitudes and beliefs
regarding the sustainability aspects of circular housing design. The importance of consumer
needs regarding design attributes and service attributes in occupying circular housing was
considered. This section was further divided into three phases.

In Phase 1, participants were asked to assess the quality design and service attribute
needs regarding circular housing. This phase included 14 questions.

Phase 2 aimed to evaluate participants’ sensory experiences of circular housing design
attributes. This phase comprised 16 questions.

Phase 3 focused on participants” acceptance of circular housing design and their
demands. It included 9 questions. The measurement items are shown in Appendix A,
Table Al.

The results of the principal component analysis factor (PCA) using the Statistical
Package for the Social Sciences (SPSS) [48], and the validation of the structural model using
Smart PLS [49], confirmed the convergent and discriminant validity of the study [50]. Smart
PLS employed a two-stage approach to validate the research model. The first stage exam-
ined whether the external model supported the construction of the hypotheses, starting with
the convergent validity and discriminant validity. The second stage investigated whether
the internal model validated the hypotheses, explaining the accuracy of the construction.
The study employed an item-to-construct balance approach [51], initially conducting an
exploratory factor analysis, followed by hypothesis testing, model prediction, and the
validation of the results. This research used SOR theory to establish an equation and
conceptual framework for development [19]. Two “stimulus” antecedents were defined as
follows: design attributes, which referred to whether the circular housing design provided
features such as accessibility, the reuse of materials, and resource recycling; and shared
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attributes, which referred to the sharing-oriented design provided by the circular housing,
including rental services, smart management, and diverse shared spaces. The “organism”
was defined as consumers’ cognitive and emotional responses generated by the scenario
design of circular housing and the stimulating effects of sharing-oriented attributes. Per-
ceived value was defined as the nature of the emotions expected by consumers when using
circular housing. Affective value included economy, innovation, naturalness, and safety. As
the dependent variable, the “response” was defined as consumers’ behavioral intentions,
cognitive perceptions, and acceptance of circular housing.

3.2. Measurement

To ensure the sample’s quality, a convenient sampling method was employed to survey
Taiwanese consumers. A total of 568 valid responses were collected from June to September
2023. Regarding the participants’ ages, 54.90% were in the 20-35 age group, 26.40% were
in the 36-54 age group, and 18.7% were over 55 years old. Regarding their marital status,
40.50% were married, 58.50% were single, and 1.1% indicated other. In terms of residential
location, 40.30% were from the northern region, 23.80% from the central region, 28.00%
from the southern region, 4.60% from the eastern region, and 3.3% from the outlying islands.
A total of 45.20% of the participants held a master’s degree, and 41.00% had a disposable
income of TWD 20,000 or less per month.

Among the participants, 36.8% expressed a willingness to pay a 5% premium, 49.6%
were willing to accept monthly rent below TWD 15,000, 36.4% had an indoor floor area
requirement of 21-30 Taiwanese ping (approximately 3.3 square meters), and 40.8% desired
3 rooms. The results are shown in Table 1.

Table 1. Sample and descriptive statistics.

Construct Item Participants Percentage
Gend Male 287 50.5
enaer Female 281 495
20-35 312 54.9
Age 36-54 150 26.4
Above 55 106 18.7
Married 230 40.5
Marital Status Single 332 58.5
Other 6 1.1
Northern region 229 40.3
Central region 135 23.8
Residence Southern region 159 28.0
Eastern region 26 4.6
Outlying islands 19 3.3
Senior high school 55 9.7
Ed . Bachelor’s degree 237 41.7
ucation Master’s degree 257 452
PhD 19 33
Below TWD 20,000 233 41.0
TWD 20,001-40,000 161 28.3
Disposable income per month TWD 40,001-80,000 123 21.7
TWD 80,001-120,000 30 53
TWD 120,001 or above 21 3.7
5% more 209 36.8
10% more 159 28.0

Willingness to pay a premium

. . 15% more 114 20.1
for circular housing

20% more 68 12.0
25% more 18 3.2
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Table 1. Cont.
Construct Item Participants Percentage
Below TWD 15,000 282 49.6
TWD 15,001-20,000 183 32.2
Mﬁi‘i‘lﬁegiﬁfr‘ ﬁg‘iﬂf“ TWD 20,001-25,000 71 125
& & TWD 25,001-30,000 17 3.0
TWD 30,001 or above 15 2.6
Below 10 24 4.2
Actual indoor floor area 11-20 101 17.8
requirement (Taiwanese Ping *) 21-30 207 364
4 & 31-40 164 289
Above 41 72 12.7
1 room 43 7.6
2 rooms 179 315
Number of rooms required 3 rooms 232 40.8
4 rooms 79 139
5 rooms or above 35 6.2

* 1 Taiwanese Ping, approximately 3.3 square meters.

3.3. Data Analysis

The primary objective of this research was to explore the theoretical evolution of
acceptance towards circular housing design. Given that Partial Least Squares—Structural
Equation Modeling (PLS-SEM) imposes less stringent sample conditions [50], it is a sta-
tistical technique that is suitable for the testing of causal relationships [49]. PLS-SEM
accommodates non-normally distributed data, minimizes measurement errors, and effec-
tively manages structural models with multiple constructs; thus, it was deemed the most
suitable analytical tool for this research [52]. Smart PLS v.4.0 was used for the analysis.

4. Results
4.1. Descriptive Statistics

The Cronbach’s « coefficient in this research was higher than 0.7, indicating high
reliability. The Kaiser-Meyer—Olkin (KMO) measure of sampling adequacy was used to
determine the suitability for factor analysis, yielding a value of 0.907, with a significance
level of 0.000, fulfilling the conditions for factor analysis. Principal component analysis
(PCA and Varimax rotation were used for the factor analysis. The analysis identified
factors that explained 61.742% of the total variance, representing the components of circular
housing design [48]. The structural model of the SOR theory, was validated through an
empirical study to explore the design attributes and sharing-oriented attributes factors in
circular housing that influenced affective value, perceived value, social equity, identification
and acceptance based on the survey results, and research hypotheses were verified.

Measurement methods from the previous literature were adopted [42,53]; detailed
information on the measurement items is provided in Table 2. The means of the construct
reflected the consumers’ perceptions of the construct: social equity (Mean = 3.737), per-
ceived value (M = 3.471), identification (M = 3.927), design attributes (M = 4.093), shared
attributes (M = 4.078), naturalness (M = 3.754), and safety (M = 3.897), as shown in Table 2.

This research used the SOR theory to examine the relationships among circular hous-
ing design attributes, shared attributes, affective value, perceived value, and social eq-
uity, identification, and acceptance. The aim was to explore the interrelationships be-
tween the variables, rather than the relationships among individual sub-constructs within
latent constructs.
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Table 2. Constructs and descriptive statistics.

Construct Item Construct Average M SD
SE1 3.737 3.702 1.133
. . SE2 3.704 0.957
Social Equity (SE) [39,46] SE3 3745 0.845
SE4 3.796 0.902
PVl 3.471 3.363 0.996
Perceived Value (PV) [23,41,42] PV2 3.361 1.103
PV3 3.690 0.956
1D1 3.927 4.063 0.778
Identification (ID) [39] D2 3.752 0.892
1D3 3.965 0.789
DA1 4.093 4.086 0.775
DA2 4.210 0.736
DA3 4.040 0.822
DA4 4.044 0.845
Design Attributes (DA) [5,7,11,24] DA5 4.150 0.760
DA6 4.234 0.719
DA7 3.942 0.881
DAS8 3.986 0.796
DA9 4.144 0.722
SA1 4.078 4.048 0.769
SA2 4.040 0.816
. SA3 3.996 0.848
Shared Attributes (SA) [27,28,54] SA4 4099 0.763
SA5 4.130 0.749
SA6 4.153 0.743
NA1 3.754 3.967 1.045
NA2 3.521 1.074
Naturalness (NA) [30,37,38] NA3 3.692 0.956
NA4 3.676 1.009
NA5 3.915 0.856
SAF1 3.897 3.974 0.912
SAF2 4.028 0.971
Safety (SAF) [11,55] SAF3 3680  1.033
SAF4 3.907 0.917
EC1 4.000 3.924 0.837
Economy (EC) [11,56,57] EC2 4.046 0.781
EC3 4.030 0.844
IN1 3.722 3.419 1.058
Innovation (IN) [30,34] IN2 3.567 1.015
IN3 4.180 0.796
ACC1 3.542 3.688 0.860
ACC2 3.701 0.958
Acceptance (ACC) [6,58] ACC3 3.540 0.996
ACC4 3.174 1.087
ACC5 3.609 0.926

4.2. Measurement Model

The analysis was conducted in two stages. The first stage evaluated the external model
to support the assumed constructs, focusing on the convergent validity [59]. The second
stage examined the internal model to validate the assumed hypotheses. The composite
reliability (CR) was used to measure the construct reliability, with a critical value set at 0.7.
The results indicated that the constructs met the reliability requirement, as shown in Table 3.
The first step was to evaluate the construct reliability, convergent validity, and discriminant
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validity using the measurement model. Each test is discussed in the following subsections
The construct reliability was measured using the criteria of composite reliability (CR). The
critical value was set at 0.7, indicating that the construct met the reliability requirement [52].
This research’s CR (0.817-0.911), rho_A (0.698-0.893), indicated good composite reliability.
The AVE (threshold is 0.5) tests two important constructs in a model, convergent validity
and discriminant validity. Discriminant validity is observed when the AVE value is greater
than the correlation coefficient between the latent variables. Regarding factor loading (the
threshold was 0.5), for this research’s individual items’ reliability, the factor loading was
(0.633-0.879). Regarding the AVE (0.516-0.678), the average variance of 10 dimensions
was greater than 0.5, indicating good convergent validity. This shows that the internal
consistency of the questionnaire was sufficient to support the research results, as shown in
Table 3.

Table 3. Analysis of reliability and validity.

Construct Loading CR rho_A AVE Cronbach’s Alpha VIF
SE1 0.727 0.842 0.765 0.573 0.750 1.488
. . SE2 0.814
Social Equity (SE) SE3 0.815
SE4 0.661
PV1 0.736 0.843 0.739 0.642 0.722 1.429
Perceived Value (PV) PV2 0.827
PV3 0.837
D1 0.709 0.817 0.698 0.600 0.672 1.306
Identification (ID) 1D2 0.777
1D3 0.832
DA1 0.734 0911 0.893 0.533 0.890 1.893
DA2 0.767
DA3 0.737
DA4 0.725
Design Attributes (DA) DA5 0.785
DA6 0.753
DA7 0.708
DAS 0.712
DA9 0.643
SA1 0.794 0.827 0.820 0.529 0.820 1.742
SA2 0.798
. SA3 0.683
Shared Attributes (SA) SA4 0.707
SA5 0.708
SA6 0.662
NA1 0.741 0.870 0.812 0.574 0.812 1.758
NA2 0.777
Naturalness (NA) NA3 0.823
NA4 0.798
NAS5 0.633
SAF1 0.766 0.870 0.723 0.544 0.721 1.366
SAF2 0.734
Safety (SAF) SAF3 0.721
SAF4 0.728
EC1 0.790 0.835 0.747 0.629 0.708 1.415
Economy (EC) EC2 0.866

EC3 0.716
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Table 3. Cont.

Construct Loading CR rtho_A AVE Cronbach’s Alpha VIF

IN1 0.857 0.862 0.754 0.678 0.757 2.098
Innovation (IN) IN2 0.879
IN3 0.725

ACC1 0.669 0.841 0.774 0.516 0.764 1.445
ACC2 0.638
Acceptance (ACC) ACC3 0.780
ACC4 0.735
ACC5 0.757

The common method variance (CMV) [60] was assessed using Harman’s single-factor
method and statistical correction techniques [61]. The single factor explained only 12.868%
of the variance, below the threshold of 50%, indicating that CMV was not a concern in
this research.

Structural equation modeling (SEM) using Smart PLS was employed to analyze the
relationships between the constructs and validate the hypotheses. The factor loadings were
significant, the composite reliability exceeded 0.7, and the average variance extracted (AVE)
exceeded 0.5 [62].

The design attributes supported naturalness, safety, economy, innovation, and social
equity, with explanatory power (AVEs) of 0.574, 0.544, 0.629, 0.678, and 0.573, respectively,
indicating that the model had a good degree of explanation for acceptance. These five
probable antecedent variables collectively accounted for 0.516 of the overall explanatory
power for acceptance, with innovation being the most crucial source of variance. Economy,
perceived value, and social equity, the three most probable antecedent variables, accounted
for 0.6 of the overall influence on the sense of identification, demonstrating a good level of
explanation.The most significant probable antecedent variable influencing identification
was perceived value. The results are shown in Table 3 and Figure 5.

Stimuli (S) Organism (O) Response (R)

Figure 5. Structural model.

Regarding the comprehensive fit index, the goodness-of-fit value in the compos-
ite model SRMR was 0.067 (<0.08), indicating a good fit. The results indicated that the
heterotrait-monotrait criterion (HTMT) values were all below 0.85, demonstrating good
discriminant validity [63], as shown in Table 4.
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Table 4. Discriminant validity (heterotrait-monotrait criterion, HTMT).
Construct ACC DA EC ID IN NA PV SAF SA SE
ACC
DA 0.278
EC 0417 0.468
ID 0.678 0.455 0.427
IN 0.362 0.359 0.429 0.319
NA 0.321 0.467 0.536 0.357 0.671
PV 0.751 0.254 0.310 0.629 0.195 0.178
SAF 0.521 0.520 0.699 0.469 0.590 0.684 0.354
SA 0.359 0.712 0.449 0.496 0.371 0.293 0.334 0.423
SE 0.791 0.457 0.433 0.703 0.391 0.502 0.714 0.545 0.397

This research compriseds ten distinct elements, thus reinforcing the substantial positive
correlation between consumers’ awareness and the acceptance of circular housing.

4.3. Structural Model

The bootstrapping resampling method was used to examine the statistical significance
of each path coefficient. A randomly selected subsample was used over 5000 iterations
employing overlays to estimate the hypothesized relationships [51]. For the corresponding
endogenous constructs, Stone-Geisser’s Q? was used to assess the predictive relevance
of the endogenous constructs [53]. The results indicated that the Q? values for identifica-
tion (0.133) and acceptance (0.080) exceeded the recommended thresholds (>0) [52]. The
t-statistic > 1.65, p < 0.1, and the effect sizes (fz) were 0.35, 0.15, and 0.02, which represented
large, medium, and small effects, respectively. The coefficient of determination R? had
values of 0.75, 0.50, and 0.25, indicating significant, moderate, and weak effects, respectively,
demonstrating sufficient predictive relevance for the respective constructs [60,62].

This research adopted the significance levels recommended by Henseler [63]. All
statistical tests were conducted using a two-tailed format to evaluate the significance of the
path coefficients and corresponding t-values [64].

The results showed that out of the 17 direct relationships, only one was rejected, namely
H3c, which posited that naturalness would positively influence acceptance
(B=—0.052, p > 0.1). The following hypotheses were supported.

e Hla states that design attributes positively influence the economy via affective value.
The hypothesized path for Hla was positive and significant (8 = 0.268, p < 0.01); thus,
hypothesis Hla was supported.

e  Hib states that design attributes positively influence innovation via affective value.
The hypothesized path for H1b was positive and significant (f = 0.182, p < 0.1); thus,
hypothesis Hlb was supported.

e  Hic states that design attributes positively influence naturalness via affective value.
The hypothesized path for Hlc was positive and significant ( = 0.403, p < 0.1); thus,
hypothesis Hlc was supported.

e  Hid states that design attributes positively influence safety via affective value. The
hypothesized path for Hlc was positive and significant (3 = 0.421, p < 0.1); thus,
hypothesis H1d was supported.

e  Hle states that design attributes positively influence social equity. The hypothesized
path for Hle was positive and significant (3 = 0.286, p < 0.1); thus, hypothesis Hle
was supported.

e  H2a states that shared attributes positively influence the economy via affective value.
The hypothesized path for H2a was positive and significant (3 = 0.197, p < 0.01); thus,
hypothesis H2a was supported.

e  H2b states that shared attributes positively influence innovation via affective value.
The hypothesized path for H2b was positive and significant (3 = 0.190, p < 0.1); thus,
hypothesis H2b was supported.
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e  H2c states that shared attributes positively influence perceived value. The hypothe-
sized path for H2c was positive and significant (§ = 0.265, p < 0.1); thus, hypothesis
H2c was supported.

e  H2d states that shared attributes positively influence social equity. The hypothesized
path for H2d was positive and significant (3 = 0.150, p < 0.1); thus, hypothesis H2d
was supported.

e  Ha3a states that the economy positively influences identification. The hypothesized
path for H3a was positive and significant (§ = 0.137, p < 0.1); thus, hypothesis H3a
was supported.

e  HB3b states that innovation positively influences acceptance. The hypothesized path
for H3b was positive and significant (f = 0.088, p < 0.1); thus, hypothesis H3b was
supported.

e  HB3c states that naturalness positively influences acceptance. The hypothesized path
for H3c was positive and significant (3 = —0.052, p > 0.1); thus, hypothesis H3c
was supported.

e  H3d states that safety positively influences acceptance. The hypothesized path for H3d
was positive and significant (8 = 0.146, p < 0.1); thus, hypothesis H3d was supported.

e  H4a states that perceived value positively influences acceptance. The hypothesized
path for H4a was positive and significant (3 = 0.301, p < 0.1); thus, hypothesis H4a
was supported.

e  H4b states that perceived value positively influences identification. The hypothesized
path for H4b was positive and significant ( = 0.228, p < 0.1); thus, hypothesis H4b
was supported.

e  Hba states that society positively influences acceptance. The hypothesized path for H5a
was positive and significant (3 = 0.392, p < 0.1); thus, hypothesis H5a was supported.

e  Hb5b states that society positively influences identification. The hypothesized path
for H5b was positive and significant (f = 0.354, p < 0.1); thus, hypothesis H5b
was supported.

The design attributes showed significant positive correlations with economy, innova-
tion, naturalness, safety, and social equity. The estimated values for these attributes were
5.504, 3.607, 9.523, 10.865, and 5.291, respectively.

In addition, the shared attributes exhibited positive correlations with economy, inno-
vation, perceived value, and social equity. The estimated values for these attributes were
3.505, 3.084, 6.484, and 2.934, respectively.

Regarding the probable antecedent variables influencing identification, economy;,
perceived value, and social equity had estimated values of 3.236, 4.960, and 6.659, respec-
tively. Among these variables, social equity was identified as the most important probable
antecedent, showing positive correlations with economy, perceived value, and social equity.

In terms of acceptance, the probable antecedent variables were innovation, safety, per-
ceived value, and social equity, with estimated values of 2.225, 3.820, 7.604, and 8.407, respec-
tively. Social equity was found to be the most influential variable in terms of acceptance.

Naturalness was also identified as a probable antecedent variable influencing accep-
tance, with an estimated value of 1.417, although it did not reach the significance threshold.
Circular housing is a practice rooted in cradle-to-cradle design principles. It aims to
promote the concepts of valuing nature and minimizing waste, and it was perceived by
participants as having a naturally inspired design. However, there were differing opinions,
with some participants considering circular housing as a linear model. The results are
shown in Table 5 and Figure 5.

The analytical results of the model from developed in this research are comprehen-
sively compiled, as seen in Table 5, and the overall structural analysis of the research is
depicted in Figure 5.

This research, comprising ten distinct elements, provided empirical support for 16 of
the 17 proposed hypotheses, thus reinforcing athe substantial positive correlation between
consumers’ awareness and the acceptance of circular housing.
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Table 5. Summary of path results.

Path Analysis Hypothesis Path Coefficient  ¢-Statistic p-Value Support
DA—EC Hla 0.268 5.054 0.000 Supported
DA—IN Hilb 0.182 3.607 0.000 Supported
DA—NA Hlc 0.403 9.523 0.000 Supported

DA—SAF Hild 0.421 10.865 0.000 Supported
DA—SE Hle 0.286 5.291 0.000 Supported
SA—EC H2a 0.197 3.505 0.000 Supported
SA—IN H2b 0.190 3.084 0.002 Supported
SA—PV H2c 0.265 6.484 0.000 Supported
SA—SE H2d 0.150 2.934 0.003 Supported
EC—ID H3a 0.137 3.236 0.001 Supported

IN—ACC H3b 0.088 2.225 0.026 Supported

NA—ACC H3c —0.052 1.417 0.157 Not supported

SAF—ACC H3d 0.146 3.820 0.000 Supported

PV—ACC H4a 0.301 7.604 0.000 Supported
PV—ID H4b 0.228 4.960 0.000 Supported

SE—ACC Hb5a 0.392 8.407 0.000 Supported
SE—ID H5b 0.354 6.659 0.000 Supported

4.4. Mediation Effect

The significance of the t-value was determined using a threshold of 1.96 [52]. A t-value
greater than 1.96 was considered significant, while a t-value less than 1.96 was considered
non-significant. A variance accounted for (VAF) value below 20% indicates no mediation
effect, while a VAF between 20% and 80% indicates a partial mediation effect. A VAF above
80% indicates a complete mediation effect [63]. The significance of the indirect effect was
assessed using the bootstrap method [65]. This research examined the mediation effects
and interaction effects of two probable antecedent variables on another probable antecedent
variable.

The test results indicated a positive and partial mediation effect of the mediating
effect on the research hypothesis. The results of the questionnaire survey revealed the
preferred order of consumer decision making based on their psychological needs, including
social equity, and perceived value. Among them, for affective value, the order was safety,
economy, innovation, and naturalness.

Consumers with higher purchasing power are increasingly seeking circular housing
spaces that not only offer physical amenities but also emphasize service design, encompass-
ing intangible values and imagery. These factors have the potential to influence consumers’
perceptions, attitudes, and intentions. This research highlighted the significant mediating
role of consumers’ emotional attachment to organic materials, affective value, perceived
value, and social equity. Consumer perception, as an internal cognitive state, positively
influenced the development of purchase intention. The mediation analysis and total effects
are shown in Tables 6 and 7.

Table 6. Mediation analysis.

Mediation Path Specific Indirect Effect Total Effect VAF t-Value p-Value Mediation
DA—SE—ID 0.102 0.240 42.50% 3.885 0.000 Supported
DA—SE—ACC 0.112 0.281 39.86% 4.423 0.000 Supported
SA—PV—ACC 0.080 0.236 33.90% 4.827 0.000 Supported
SA—PV—ID 0.060 0.201 29.85% 3.695 0.000 Supported
SA—SE—ACC 0.059 0.215 27.44% 2.776 0.006 Supported
SA—SE—ID 0.053 0.194 27.32% 2.604 0.009 Supported
DA—SAF—ACC 0.062 0.231 26.84% 3.653 0.000 Supported
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Mediation Path Specific Indirect Effect Total Effect VAF t-Value p-Value Mediation
DA—EC—ID 0.037 0.175 21.1% 2.506 0.012 Supported
SA—EC—ID 0.027 0.168 16.07% 2.253 0.024 Not supported

SA—IN—ACC 0.017 0.173 9.83% 1.897 0.058 Not supported

DA—IN—ACC 0.016 0.185 8.65% 1.840 0.066 Not supported

DA—NA—ACC —0.021 0.148 —14.19% 1.349 0.177 Not supported

Table 7. Total effects.
Construct ACC DA EC ID IN NA PV SAF SA SE

ACC

DA 0.169 0268 0138 0.182  0.403 0.421 0.286
EC 0.137
ID
IN 0.088

NA —0.052

PV 0.301 0.228

SAF 0.146

SA 0.156 0.197  0.141  0.190 0.265 0.150
SE 0.392 0.354

5. Discussion and Conclusions

The results emphasized the importance of improving the service quality efficiency in
terms of affective value, perceived value, and social equity. The focus was on emotional
responses related to shared attributes that induced affective value, perceived value, and
social equity. From a total of 17 hypotheses, 16 were significantly and positively supported,
demonstrating partial mediation, with the mediation effect of social equity being more
prominent. The prioritization of social equity, perceived value, and affective value (safety,
economy, innovation, and naturalness) by consumers influenced their consumption de-
cisions. Understanding the interaction effects of these factors is crucial for designers in
regard to the design and demand for sustainable housing. The lack of support for one
hypothesis may have been due to the consumer perception that naturalness is considered a
prerequisite for circular housing but is insufficient to elicit consumer acceptance.

This research provides d design attribute—value—result strategies to enhance the
design of circular housing and promote its development. It explored the relationship
between consumers’ acceptance and identification of circular design and the development
of circular housing. It first established a structural model based on the SOR theory. Adding
the mental map of interview results into the model, this research analyzed the design
attribute—value—result, and the influence of applied SEM-PLS analysis on to examine the
identification and acceptance of circular housing.

The consumer’s perception of circular housing is formulated as below. Regarding the
design attributes (DA) of circular housing, consumers greatly appreciate resource recycling
designs such as water-saving methods, water supply systems, and energy-saving systems.
Regarding the shared attributes (SA) of circular housing, consumers highly value charging
policies and subsidies that uphold social justice. Regarding the affective value of the econ-
omy (EC), of circular housing, consumers strongly agree that the lifestyle and architectural
space of circular housing should project a practical image, In Regarding the affective value
of innovation (IN) of circular housing, consumers strongly agreed that the lifestyle and
architectural space of circular housing should project an innovative image, In Regarding
the affective value of naturalness (NA) of circular housing, consumers strongly agreed that
the lifestyle and architectural space of circular housing should project a natural image, In
Regarding the affective value of safety (SAF) of circular housing, consumers strongly agreed
that the lifestyle and architectural space of circular housing should project a comfortable
image. Regarding the perceived value (PV) of circular housing, consumers highly value
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information related to environmental sustainability and low carbon. This significantly
positively influences acceptance and identification. Regarding the social equity (SE) of
circular housing, consumers highly appreciate the provision of shared facilities, which can
foster greater community cohesion. This significantly positively influences acceptance and
identification. Regarding the acceptance (ACC) of circular housing, consumers strongly
desire sufficient information in order to decide whether to move into circular housing.
Regarding the identification (ID) of circular housing, consumers strongly identify with the
cradle-to-cradle design, which aligns with the trend of environmental sustainability.

Circular housing is still in its early stages, and the satisfaction with naturalness
natural designs varies. The verification interviews indicated that the consumers had
different responses to the affective value of naturalness, suggesting variations in consumer
preferences and habits. With in the affective value of consumer perception, the sub-
constructs “openness” and “efficiency” represent consumer expectations for an open,
shared living lifestyle format (space, kitchen, facilities) while still desiring privacy, thus
suggesting the need to enhance the design quality of the personal living space. The
consumers expected a lease service model rather than ownership, and they desired efficient
and immediate rental services. Decision -makers and designers are advised to adjust
their circular housing design strategies accordingly. The interplay between circular design
attributes, shared service attributes, affective value, perceived value, and social equity
influenced the acceptance and identification of circular housing. The significance of the
correlations assists could assist designers in selecting relevant design factors with high
correlations for reference in prioritizing certain designs. This implies that circular housing
design must create refined living environments and incorporate sustainable environmental
and low-carbon contents, while also enhancing designs focused that are sharing-oriented
and provide immediate service efficiency to attract consumers. The results of the study
indicate that successful circular housing design should strive for excellence in terms of
naturalness, innovative living functionalities, a sharing-oriented economy, safety, and
diverse intelligent management.

This research, comprising ten distinct elements, provided empirical support for 16 of
the 17 proposed hypotheses, thus reinforcing the substantial positive correlation between
consumers’ awareness and acceptance of circular housing. The research further validated
the mediating effects and the results from of the interviews, revealing a significant con-
nection between consumers’ perceived value and their levels of acceptance. The aspect
of social equity received the highest rating. It is recommended to incorporate consumers’
preferences during the design process, in order to bolster consumer identification, bridge
the gap in understanding gap between consumers and designers, and efficiently market
the housing to a diverse customer base.

Circular housing illustrates represents an innovative approach in the architectural field,
promoting sustainability. This concept amalgamates methods from green and intelligent
building design, reconceptualizing the planning of materials and buildings in alignment
with the principles of a circular economy. This approach underscores the optimal utilization
of resources that are reusable, renewable, and sustainable, with the aim to of minimizing
environmental impacts.

5.1. Managerial Implications

This research focused on general consumers to examine the positive impacts of de-
sign attributes and shared attributes on consumer value and willingness to accept. The
results showed that the consumers had a positive perception and acceptance of circular
design preferences, such as naturalness, innovation, economy, and safety, which positively
influenced identification and acceptance. Perceived value and social equity enhanced the
consumers’ willingness to consume. The contextual and shared attribute designs of circular
housing played important roles in perceived value and social equity, and they further
generalized the impact of various affective factors on consumers. These findings could
help designers to identify the key elements of circular design that attract consumers, avoid
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design mismatches with market needs, and reduce the environmental impacts, providing
practical guidance.

The survey results validated the positive correlation between participants’ perceptions
and affective value, perceived value, social equity, and consumption willingness; the
consideration of these factors can enhance well-being, shared value, and acceptance in
circular housing design. This survey revealed that the younger population, aged 20 and
35, is more receptive to circular housing than in the past. This is primarily attributed
to the high cost of purchasing a house in Taiwan. Circular housing, which is emerging
as a significant trend in the construction sector, requires consumer engagement for its
sustainable development. The enhancement of consumer services and the assessment of
quality satisfaction are thus imperative. Satisfaction surveys and purchase intention, as
commonly employed in business management, have become crucial tools in understanding
consumer dynamics in this context. Circular housing is a successful example of sustainable
development in green architecture and is worthy of further research.

The research findings provide a reference for subsequent designers to establish quality
designs at the early stage, while also reducing the environmental burden caused by designs
that do not meet the market demands. This research adopted an online questionnaire
survey, with respondents being proactive consumers who possessed a willingness to try and
explore new concepts. Therefore, the use of online search keywords for the design was more
suitable. The measurement of consumer lifestyles was achieved by describing consumers’
psychological traits and analyzing them to provide effective marketing strategies, enabling
more consumers to identify with and gain a deeper understanding of the concept of circular
housing. As part of the design strategy improvement, it is recommended to increase
consumers’ willingness and acceptance of the housing by enhancing its effectiveness and
stimulating consumers’ behavioral intention.

The results of this research demonstrate that circular housing’s design plays a crucial
role in its success. By gaining an in-depth understanding of consumer needs and applying
relevant models for analysis, the critical design features of circular housing could be identi-
fied, thereby increasing consumers’ satisfaction and the success rate of circular housing
design. Managers and designers of circular housing should prioritize circular housing
design and create attractive and influential circular housing based on the research results,
to increase the likelihood of a successful design. In the past, housing was merely used
to fulfill residential needs and there was limited collaboration with shared services and
other businesses. The adoption of a demand-oriented mindset to ensure reusability and
provide shared design opportunities expands the housing opportunities while considering
the reasons for the need for circular design. Exploring and defining competitors means
satisfying needs, rather than merely providing housing itself. The transformation of hous-
ing has become an important issue in urban governance under the trend of the circular
economy. This research provides valuable insights to promote the design and construction
of circular housing. By understanding consumers’ demands for design attributes and
providing information on environmental sustainability, it is possible to enhance the accept-
ability of shared space design and circular housing. This research integrated ten research
dimensions—design attributes, shared attributes, economy, innovation, naturalness, safety,
perceived value, social equity, acceptance, and identification—applied to circular housing
research, bridging the gaps in past research. This provides more practical and academic
research value.

The outcomes of this research provided invaluable insights and implications for
designers and managers of circular housing.

5.2. Research Limitations

As the implementation of circular housing in Taiwan is still ongoing, this research
ensured representativeness by considering consumer acceptance The study’s limitations
include the nascent stage of circular housing in Taiwan. Expanding the research scope and
sample population could add more value.
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Due to the characteristics of leasing and the majority of renters being mobile popula-
tions in need of rental housing, it is not feasible to conduct comprehensive research and
investigation on all circular housing designs. The relevance of other contextual factors
related to circular housing design, such as social welfare or design quality, was not consid-
ered in this research. This research provides a clear theoretical framework and practical
innovation for research in the field of circular housing design strategies. Future research is
recommended to focus on collecting more data, exploring additional research methods and
hypotheses, and improving the quality of design for circular housing.

The participants in this research were residents with prior living experience who were
willing to engage in interviews. The study not only incorporated the methodology of
participant interviews but also integrated the findings into the model. The implementation
of new intelligent building regulations set for December 2024 in Taiwan, transitioning from
the current 8 metrics to 6, is expected to impact the intelligent services and management
associated with shared attributes. It is recommended that this aspect be continuously
monitored in the future, with the potential for further research focused on residents’
living experiences.
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Appendix A

Table Al. Measurement items.

Construct Description
Circular housing adopts sustainable and eco-friendly building materials, beneficial to sustainable
development.
Social Equity Circular housing can help residents avoid difficulties in their daily lives and provide equal housing

options for different groups of people.
Circular housing is an innovative type of housing that I am happy to recommend to families and friends.
Circular housing provides shared facilities that enhance community cohesion.

Perceived Value

Compared to my friends, I own many energy-saving and energy-efficient products.

I can clearly explain the characteristics and benefits of circular housing to others.

I pay special attention to information related to circular housing, environmental sustainability, and low
carbon issues.

Identification

Circular housing practices, from cradle-to-cradle design (C2C design), align with the trend of
environmental sustainability. (C2C design)

Circular housing is a worth investment choice.

Living in circular housing is beneficial for overall physical and mental health. (Healthy)
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Table Al. Cont.

Construct Description
Circular housing should use non-toxic building materials, pollution-free and environmentally friendly
design, to meet the requirements of safety and environmental protection. (Regenerate)
Circular housing should meet the planning and design requirements of the “circular economy” (e.g.,
rainwater harvesting, circular energy systems, solar energy, etc.). (Recycled)
Circular housing should prioritize the use of renewable or recyclable materials for building materials,
and allow for the reuse of materials when they are taken down in the future. (Reused)
Circular housing should provide designs that are close to and friendly to nature, such as green spaces,
rooftop gardens, natural lighting, and views. (Simple and pure)
Design Attributes Circular housing should provide related air quality testing, water quality testing, etc., to meet the
requirements of safety and health. (Safe and healthy)
Circular housing should provide designs for resource recycling and utilization (e.g., water-saving water
supply systems, energy-saving systems, etc.). (Reverisible)
Circular housing should meet the needs of barrier-free /universal design, suitable for communities of all
age groups/lifestyles (children, young, elderly/single or family forms, etc.). (Accessible)
The design of the circular housing should provide simplified maintenance (repair) and updating
(replacement) through surface- mounted pipes configuration and flexible spatial layout. (Renewed)
Circular housing should provide waste treatment system (e.g., biological recycling, kitchen waste reuse
systems, etc.). (Compostable)
Circular housing should provide economically efficient leasing models for appliances and equipment
(e.g., appliances, elevators lighting fixtures, building materials, etc.). (Durable)
Circular housing should provide a shared housing economy model that is economically efficient through
leasing instead of buying. (Leasing service)
The sharing economy of the consumer concept. (Shared)
. Circular housing should provide diverse shared functions and spaces (e.g., kitchen, fitness, medical,
Shared Attributes e D . . . . . . ;
socializing, audio-visual, reading rooms, innovation centers childcare centers, electric vehicle charging
stations, etc.). (Varied space)
Circular housing should provide diversified intelligent services (e.g., smart home monitoring devices,
energy-saving and smart control. etc.). (Intelligent service)
The fees, related policies, and subsidies of the circular housing should be in line with social justice.
(Compatible)
Natural lifestyle and expected in architectural space
Open lifestyle and expected in architectural space
Naturalness Efficient lifestyle and expected in architectural space
Healthy lifestyle and expected in architectural space
Intelligent lifestyle and expected in architectural space
Safe lifestyle and expected in architectural space
Safety Comfortable lifestyle and expected in architectural space
Happiness lifestyle and expected in architectural space
Humanized lifestyle and expected in architectural space
Economical lifestyle and expected in architectural space
Economy Practical lifestyle and expected in architectural space
Convenient lifestyle and expected in architectural space
Exquisite lifestyle and expected in architectural space
Innovation Aesthetic lifestyle and expected in architectural space
Innovative lifestyle and expected in architectural space
Living in circular housing gives me a sense of honor.
I'have sufficient information capability to decide to live in circular housing on my own.
Acceptance When I choose to live in circular housing, I am more accepting compared to other types of housing.

Compared to other rental housing, I am willing to pay a higher price for circular housing.
In the future, I would be happy to choose to rent circular housing.
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